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Abstract 

Nanoparticles can be synthesized by chemical, physical and biological system methods. In this work, Superparamagnetic Iron 

Oxide@Silver nanoparticles (SPION@Ag NPs) were modified by zinc oxide nanoparticles (ZnO NPs). SPION@Ag core 

shell NPs were synthesized by the biological method using Fusarium oxysporum fungus and coated with ZnO NPs. This 

method is eco-friendly and low cost. Characterization techniques such as UV, FTIR, HR-TEM, HR-SEM, XRD and zeta 

potential were used. The most common type of liver cancer is hepatocellular carcinoma (HCC). Hepatocellular carcinoma was 

induced by a single dose of diethyl nitrosamine (DEN) 60 mg/Kg b.wt. and was followed after two days by carbon tetra 

chloride (CCl4) diluted with paraffin oil (50% v/v, 2 ml/Kg b.wt.) twice a week for one month.  A histopathological 

examination was done after sacrifying. Clear changes were shown in the comparison between the HCC group treated with 

ZnO@SPION@Ag nanocomposite and the positive control group. Liver function tests showed a highly significant decrease 

after using the nanocomposite for HCC treatment. Our study aim is to evaluate the therapeutic anticancer effect of 

ZnO@SPION@Ag nanocomposite on hepatocellular carcinoma in male albino rats, which was synthesized by a new method 

called green chemistry or green synthesis. 
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1. Introduction 

Hepatocellular carcinoma (HCC) is the most common 

primary liver tumour in the world, as well as the fifth 

most common malignancy and the third leading cause 

of cancer related mortality [1]. The majority of HCC 

cases evolve in the form of  long-term inflammatory 

processes (i.e., chronic hepatitis and cirrhosis), 

predominantly as a result of HBV and HCV viral 

infections [2]. Age, gender, and any form of cirrhosis, 

as well as alcohol and aflatoxins, are all risk factors 

[2]. Engineered nanoparticles (NPs) are used to treat 

diseases in nanomedicine, an area of biomedical 

application of nanotechnology. Nanomedicine has the 

potential for early cancer diagnosis and treatment due 

to its innovative imaging and therapeutic capabilities 

[3]. In contrast to standard cancer treatments, it has 

the advantages of active or passive targeting, high 

solubility, bioavailability, biocompatibility and 

multifunctionality [4].  ZnO nanoparticles less than 

100 nm in size can be made in several forms, 

including solid, liquid (chemical) and gaseous. ZnO 

NPs were prepared by different chemical methods 
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[5]. Due to their excellent physicochemical 

properties, protection and biodegradability [6].  ZnO 

NPs have therapeutic activity [7, 8]. It is now clear 

that ZnO NPs have a cytotoxic effect on tumour cells 

while causing minimal damage to healthy cells [9]. 

Superparamagnetic Iron Oxides (SPIONs) are 

particles formed by small crystals of iron oxide 

(commonly called magnetite Fe3O4 or maghemite 

Fe2O3) which may be surface  modified to gain 

colloidal stability in aqueous media [10]. Several 

important criteria have to be considered for the 

SPION based drug delivery system to be effective. 

The coating/carrier should provide the delivery 

system with suitable hydrophilicity, so it can be 

easily dispersed in aqueous media. It should also 

provide functional groups which can be further 

modified to control the drug release or to bind 

targeting units [11]. Silver nanoparticles based 

nanosystems were evaluated as suitable carriers of 

various therapeutic molecules, including anti-

inflammatory [12,13], antioxidant [14], antimicrobial 

[15, 16] and anticancer [17, 18] substances. Core–

shell nanoparticles have received a lot of attention, 

especially as multimodal for medical applications 

[19–22]. Several methods have been employed for 

the synthesis of nanoparticles. Among them, clean 

and eco-friendly green chemistry is an interesting 

route that has emerged recently [23, 24]. Fungi are 

among the organisms that have been employed for 

down-up synthesis [24–26]. The fungus Fusarium 

oxysporum can reduce aqueous silver ions 

extracellularly to generate silver nanoparticles (Ag 

NPs)  [27]. In the present study, we aim to evaluate 

the anticancer effect of ZnO@SPION@Ag 

nanocomposite on hepatocellular carcinoma in male 

albino rats. 

2. Materials and methods 

2.1. Chemicals 

Iron (III) nitrate (Fe(No3)3) 99.0-101.0 %, ammonium 

iron (II) sulfate hexahydrate ((NH4)2Fe(SO4)2.6H2O) 

99.0-101.5 % and  Silver nitrate (AgNO3) 99.8-100.5 

% were purchased and used as received from Merck 

(Germany). Sodium hydroxide (NaOH) and zinc 

acetate ((CH3CO2)2Zn) 99.99 % were purchased from 

sigma Aldrich. Carbon tetrachloride (CCl4) was 

purchased from Al-Gomhorya Company 

Pharmaceutical, Cairo, Egypt.  Diethyl Nitrosamine 

(DEN) was purchased from Gene Tech Company.  

 

2.2. Biological synthesis of SPION@Ag core 

shell nanoparticles 

The synthesis method depends on the deposition of 

Ag atoms onto the seeds of the SPION NPs via the 

control reduction of Ag precursor in a growth 

solution containing iron oxide nanoparticles  [28]. 

Fusarium oxysporum fungi were obtained from the 

microbiology department of National Research 

Centre, Dokki, Giza, Egypt. The fungal mycelia were 

carefully separated from the filtrate under antiseptic 

conditions. The seed of Ag NPs was prepared as 

follows: 0.1027 g AgNO3 was added to fungus 

mycelia in 300 ml of distal water with vigorous 

shaking at 37°C for 1 hour, and the pH was adjusted 

to 9. The solution of SPION NPs seed has been 

prepared by adding 0.4174 g Fe(NO3)3 and 0.3002 g 

(NH4)2Fe(SO4)2.6H2O in 50 ml sterile distilled water 

under vigorous shaking at 70°C for 1 hour,  and the 

pH was  adjusted to 12. The two solutions were 

mixed under shaking at 37°C for 72 hours. The 

nanoparticles were centrifuged and washed. The 

formation of the core–shell has been examined by 

UV/Visible and FTIR spectroscopy. The 

functionalization of chitosan active groups on the 

surface of the nanocomposite is spontaneous in the 

reaction mechanism due to the presence of chitin (a 

deacetylated form of chitosan in the cell wall of the 

fungus), i.e. we did not add chitosan to the reaction. 

2.3. Synthesis of ZnO nanoparticles (ZnO NPs) 

5 g of zinc acetate was dissolved in 100 ml distal 

water then heated for 40-50°C and at the same time, 

10 M sodium hydroxide was prepared. Sodium 

hydroxide was added drop by drop to the wall of the 

flask contain zinc acetate for 30-45 min. After 

precipitation occurs, wash precipitate twice and dry at 

50°C, then calcination at 400°C based on Ghorbani et 

al. method [29] with some modification. 

2.4. Synthesis of ZnO-coated Superparamagnetic 

Iron Oxide@Silver (ZnO@SPION@Ag) 

nanocomposite 

An equal amount of two nano-powders (SPION@Ag 

NPs core shell + ZnO NPs) were added to each other 

and were ground by mortar then dissolved in 25 ml 

distal water then sonication for 45 sec. Finally, the 

obtained nanocomposites were dried overnight at 

40°C now the nanocomposite is ready to use. 
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2.5. ZnO@SPION@Ag nanocomposite 

characterization  

UV\Visible absorption spectrophotometer (JASCO 

V-630) with a resolution of 0.2 nm is used for the 

detection of the best conditions for the biosynthesis 

of core–shell nanoparticles. Liquid samples were 

diluted with distilled water at a 1:4 ratio and scanned 

in the range of 200 to 800 nm. Fourier transform 

infrared spectroscopy analysis was performed to 

study the molecular structure of the nanocomposite 

and the capping layer that decorates the nanoparticles 

to understand the mechanism of preparation. The 

transmission spectrum was acquired for the MID-Far 

range using diamond cells. The spectra were recorded 

using a Vertex 70 Bruker Transform Infrared 

spectrophotometer at a resolution of 1 cm
−1

 in the 

range between 4000 and 400 cm
−1

. The morphology 

and structure of samples were determined using 

HRTEM (JEM-2100HR, Japan) at 200 KeV. XRD 

analyses were recorded on a Bruker D-8 powder X-

ray diffractometer using Cu Kα radiation (λ=0.15418 

nm) over a 2θ range of 20°-90° with a step of 0.02. 

Zeta potential was determined by the dynamic light 

scattering (DLS) technique using a PSS-NICOMP 

380-ZLS, USA. 

2.6. Induction of the hepatocellular carcinoma 

HCC was induced by a single dose of DEN at 60 

mg/Kg b.wt., followed by CCl4 diluted with paraffin 

oil (50% v/v, 2 ml/Kg b.wt.) twice a week for one 

month. 

2.7. Experimental animal 

24 male albino rats (76-130 g) were obtained from 

the National Research Centre (NRC) Dokki, Giza, 

Egypt. The animals were housed in suitable plastic 

cages (8 rats/cage) with stainless steel wire lids. Rats 

were kept in standard laboratory conditions (12-hour 

light/dark cycle), fed a standard diet, and given water. 

All animal procedures were directed in agreement 

with the recommendation criteria of experimental 

animal care and the current protocol was accepted 

(Approval no. CU/I/F/100/17). Animals were 

categorized into 3 groups, with 8 rats in each group. 

Group (I): Negative control group, Group (II): 

Positive control group; rats were induced with HCC, 

Group (III): HCC rats were treated by 

ZnO@SPION@Ag nanocomposite (10 mg/Kg b.wt.) 

daily for 15 days.  

2.8. Histopathological  examination 

Specimens were washed in tap water, dehydrated in 

ethanol in ascending grades, cleared in xylene, and 

embedded in paraffin wax (melting point 56-60ºC). 

Sections of  6 µm thickness were prepared and 

stained with haematoxylin and eosin [30]. In this 

method, the paraffin sections were stained with harris 

haematoxylin for 5 minutes. Sections were washed in 

running water for blueing and then stained in 1 % 

watery eosin for 2 minutes, washed in water, 

dehydrated, cleared and mounted in canada balsam. 

The cytoplasm was stained in shades of pink to red, 

and the nuclei gave a blue color. 

2.9. Biochemical analysis 

Routine liver function testes transaminases were 

assayed according to Henry RJ et al.  [31] and alpha 

feto protein (AFP)  was determined by enzyme linked 

immunosorbent (ELISA) according to Bates SE [32] 

which estimated agree to construction protocol of 

colorimetric kits (Spectrum kits) and antioxidant 

parameters assay in liver tissue were investigated as 

malonaldhyde (MDA) [33] and superoxide dismutase 

(SOD) [34] which estimated agree to construction 

protocol of colorimetric kits (Biodiagnostic kits). 

3. Results and Discussion 

3.1. Physico-chemical characterization of 

ZnO@SPION@Ag nanocomposite  

 UV–Vis absorption spectra of ZnO NPs and 

ZnO@SPION@Ag nanocomposite. The excitonic 

transfer of electrons from the valence band to the 

conduction band of ZnO NPs is connected with the 

significant absorption peak in the UV region at 

wavelengths of 300–400 nm. In the UV range, 

ZnO@SPION@Ag nanohybrid has reduced 

absorbance intensity. The UV-range emission, also 

known as radiative recombination occurs in ZnO 

materials. The different surface plasmon resonance 

(SPR) effects of nanoscale Ag metals cause variances 

in UV light emission intensity. The high-density 

electrons of noble metal nanoparticles form an 

electron cloud and oscillate when light with a 

wavelength greater than the particle size is absorbed. 

When noble metal nanoparticles are mixed with ZnO, 

electrons collect at the metal ZnO interface, causing 

the ZnO side's band to bend downward, allowing for 

facile electron transfer from the Ag nanoparticles to 

the  ZnO side. For ZnO@SPION@Ag NP the energy 

band gap of ZnO has decreased from 3.4 to 2.6 ev 

Fig.1.
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The structure of the nanocomposite was confirmed 

using fourier transform IR Fig.2. The production of 

ZnO@SPION@Ag NP has been validated by a 

decrease in the intensity of the ZnO band and a blue 

shift to 432 cm
-1

 which confirms the production of 

ZnO@SPION@Ag NP. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1.  (a) UV-Vis. of ZnO and  ZnO@SPION@Ag NPs, (b and c) ZnO NPs and ZnO@SPION@Ag NPs energy band gap for n=1/2 

 

Fig.2. The Molecular structure confirmation of the nanocomposite, FTIR transmission spectrum of ZnO NPs and ZnO@SPION@Ag NPs 
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The morphology of ZnO NPs is shown in the HR-

TEM images in Fig.3 (a). The high-density dumbbell-

like ZnO NPs with a diameter ranging from 10-30 

nm. The high resolution TEM (HRTEM) image in 

Fig.3 (a) disp ays the c ear  attice fringes of 2.38    

which  correspond to the d-spacing of the (101) 

crystal planes of hexagonal ZnO in consistence with 

the XRD results. The selected area electron 

diffraction (SAED) pattern shown in Fig.3 (b) 

confirms the polycrystalline structure of the ZnO NPs 

and the ZnO@SPION@Ag nanocomposite with 

diameter of 50-100 nm Fig.3 (e). HR-SEM is shown 

in Fig.3 (c and f) for ZnO and ZnO@SPION@Ag 

NPs.  

  

 

 

 

 

 

 

 

 

The XRD pattern of biosynthesized ZnO NPs shown 

in Fig.4 (a) confirms the production of the 

nanocrystalline phase with well-defined relatively 

broad peaks of high intensity. By using the Joint 

Committee on Powder Diffraction Standards 

(JCPDS) card no. 36–1451; the acquired peaks are 

indexed inside the hexagonal ZnO wurtzite-type 

structure. The XRD pattern of biosynthesized ZnO 

NPs in Fig.4 (a) confirms well-defined, relatively 

broad peaks with high intensity, confirming the 

development of the ZnO@SPION@Ag. In Fig.4 (b),  

the appearance of the 100 planes of ZnO and the 200 

planes of SPION@Ag confirms the development of  

the ZnO@SPION@Ag. The ZnO@SPION@Ag NP 

has an average zeta potential of -38 mV. 

Fig.3. HRTEM of ZnO NPs and ZnO@SPION@Ag NPs (a and d), SAED pattern of ZnO and ZnO@SPION@Ag (b and e) 

and HRSEM of ZnO NPs and ZnO@SPION@Ag NPs (c and f)   

50   nm 100   nm 

a b c 

d e f 

Fig.4. XRD of ZnO NPs (a) and ZnO@SPION@Ag NPs (b) 
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3.2. Histopathological examination and biochemical analysis 

Histopathological examination of liver sections 

from the control group showed  normal hepatocytes 

radiating from the central vein. The hepatocytes 

show vesicular nuclei, some of which are 

binucleated and sinusoids separate the strands of  

liver cells Fig.5. In addition, normal portal tract 

with its structures; brances of portal wein, hepatic 

artery and bile duct Fig.6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

HCC was induced by DEN at a dose of 60 mg/kg 

b.wt. and after 2 days given CCl4 at a dose of 2 ml/kg 

b.wt. twice a week for 1 month showed a pale pink 

appearance of the cytoplasm of hepatocytes that 

appeared as ground-glass hepatocytes Fig.7. Acute 

inflammation, pale stained hepatocytes, focal 

necrosis, and dead cells stained bright pink or 

eosinophilia are present in Fig. 8.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.5. A micrograph of a section from the liver of the 

normal control group showing normal hepatocytes 

(arrows) radiating from the central vein (asterisk). The 

hepatocytes showing vesicular nuclei (arrowhead) some of 

the hepatocytes are binucleated and separated with 

sinusoids (red arrow) (H&E stain, Scale bar: 5 µm) 

 

Fig.6.  A micrograph from the liver of the normal control 

group showing normal portal tract with its structures; 

branches of the portal vein (arrow), hepatic artery 

(arrowhead) and bile duct (red arrow) (H&E stain, Scale 

bar: 5 µm)  
 

Fig.7. A micrograph from the liver of rat administered 

DEN at a dose of 60 mg/kg b.wt. and after 2 days given 

CCl4 at a dose of 2 ml/kg b.wt. twice a week for 1 month 

showing the cytoplasm of hepatocytes may assume an even 

pale pink appearance such ground-glass hepatocytes 

(arrows) (H&E stain, Scale bar: 5 µm)  

 

 

Fig.8. A micrograph from the liver of rat administered 

DEN at a dose of 60 mg/kg b.wt. and after 2 days given 

CCl4 at a dose of 2 ml/kg b.wt. twice a week for 1 month 

showing acute inflammation in the hepatocytes (arrows) 

many of the hepatocytes are pale stained and a few exhibit 

necrosis (asterisk). The dead cells stain a bright pink 

eosinophilia (red arrows) (H&E stain, Scale bar: 5 µm) 
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A section of the liver from rats given DEN at a dose 

of 60 mg/kg b.wt. and then given CCl4 at a dose of 2 

ml/kg b.wt. twice a week for 1 month, then injected 

with ZnO@SPION@Ag core-shell for 15 times 

revealed that both the hepatic lobules Fig.9 and portal 

tracts appeared more or less normal Fig.10. 

Table 1 depicts the therapeutic potential of 

ZnO@SPION@Ag nanocomposite on serum activity 

of liver enzymes in the HCC rat model. In 

comparison with the negative control group, there 

was a highly significant increase at P-value < 0.01 in 

serum ALT, AST, and AFP activity of the positive 

control group, while the treated HCC group 

elucidated a highly significant decrease in serum 

ALT, AST and AFP activity as compared with the 

positive control group. 

  
Table 1 Each value represents the mean ± SD. (a) significant compared with group I (Negative control), (b) significant 

compared with group II (Positive control) 
 

  G I G II G III 

ALT (U/l) Mean ± SD 49.75 ± 5.258 93.625 ± 11.413 
a
 67.25 ± 5.23

 a,b
 

AST (U/l) Mean ± SD 256 ± 39.155 409.5 ± 63.628 
a
 371.375 ± 56.237 

a
 

  AFP (ng/ml) Mean ± SD 0.188 ± 0.083 10.625 ± 1.302 
a
 0.5 ± 0.2

 b
 

 

 

Hepatocellular carcinoma is a common malignant 

tumour located in hepatic or hepatobiliary cells and 

presents a high mortality rate. The incidence of HCC 

morbidity is approximately 850,000 new cases per 

year [35]. Hepatic injury caused by DEN is typically 

characterized by changes in liver metabolism that 

result in distinct changes in serum enzyme activities 

[36]. Intracellular enzymes like transaminases are 

good indicators of liver function and their elevated 

levels indicate liver damage. Aminotransferases 

(AST and ALT) are reliable liver marker enzymes 

and the first enzymes used in diagnostic enzymology 

when liver damage occurs [37]. Because of their 

intracellular position in the cytosol, toxicity affecting 

the liver results in their spillage into serum where 

their concentration increases due to a breakdown in 

cell membrane architecture [38]. According to Tayel 

A et al., 2014 [39] and Al-Rejaie, S. S. et al., 2008 

[40] there was a  huge turnover of hepatocytes and a 

large rise in serum has been shown to be  Activities 

of ALT, AST in DEN Induced population of 

hepatocellular carcinoma as compared with the 

negative control group. In the untreated HCC control 

group, serum levels of AFP were significantly 

increased relative to their values in normal rats [41]. 

Our study results agree with previous studies and 

ZnO@SPION@Ag nanocomposite significantly 

decreases the enzymes activity in the HCC treated 

group when compared with the positive control group 

Fig.11.

Fig.9. A micrograph from the liver of rat administered DEN 

at a dose of 60 mg/kg b.wt. and after 2 days given CCl4 at a 

dose of 2 ml/kg b.wt. twice a week for 1 month then injected 

with ZnO@SPION@Ag core–shell for 15 times the hepatic 

lobule appeared more or less like normal (H&E stain, Scale 

bar: 5 µm)  
 

Fig.10. A micrograph from the liver of rat administered 

DEN at a dose of 60 mg/kg b.wt. and after 2 days given 

CCl4 at a dose of 2 ml/kg b.wt. twice a week for 1 month 

then injected with ZnO@SPION@Ag core–shell for 15 

times showing the portal tract appeared more or less like 

normal (H&E stain, Scale bar: 5 µm)  
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The data illustrated in table 2 shows the therapeutic 

potential of ZnO@SPION@Ag nanocomposite on 

liver tissue antioxidants activity in the HCC rat 

model. In comparison between the studied groups, 

there was a highly significant at P-value 0.001. 

 

 
Table 2 Each value represents the mean ± SD. (a) significant compared with group I (Negative control), (b) significant 

compared with group II (Positive control) 
 

  G I G II G III 

MDA nmol/g.tissue Mean ± SD 11 ± 3.665 23.75 ± 8.259 
a
 16.125 ± 6.446 

SOD U/gm tissue Mean ± SD 361.5 ± 75.495 320.875 ± 29.997 431.375 ± 69.455 
b
 

 

Lipid peroxides, calculated as MDA, are widely used 

as one of the most effective oxidative stress indices to 

assess oxidative damage in patients with liver injury 

[42–44]. Increased levels of MDA contribute to the 

pathogenesis of several metabolic diseases including 

cancer [45]. Our study revealed a highly significant 

increase in MDA level at P–value < 0.001 when 

comparing between the positive control group and  

the negative control group, and when using 

ZnO@SPION@Ag nanocomposite for HCC 

treatment, the level of MDA highly significant 

decrease at P-value  0.004 but SOD level non-

significant decrease at P-value  0.728 in comparing 

between the positive control group and the negative 

control group and when using ZnO@SPION@Ag 

nanocomposite for HCC treatment the level of SOD 

significant  increase at P-value 0.015 Fig.12. This is 

supported by a recent DEN/CCl4 study by Zhang et 
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al. 2016 [46], who found that DEN can induce HCC 

by interacting with strategic macromolecules 

including antioxidant enzymes, DNA, lipids  and 

DNA repairing system enzymes. Furthermore, it is 

widely recognized that CCl4 biotransformation by 

cytochrome P-450 results in the formation of 

trichloromethyl free radical (CCl3*) and 

trichloromethyl proxy free radical (CCl3OO*) as two 

metabolites linked to ROS generation, lipid 

peroxidation  and a decrease in SOD enzymatic 

activity [47–49]. Furthermore, the findings are 

consistent with those of Hussein & Khalifa and 

Kadasa et al. [50, 51], who found a substantial 

decrease in antioxidant enzyme activities in DEN 

induced rats as compared to control.  

 

 

 

 

 

 

 

4. Conclusion  

Nanoparticles synthesized by the biological system 

have low side effects on normal cells and SPION 

targeted the nanocomposite to the specific site of 

cancer, so ZnO@SPION@Ag nanocomposite can be 

used as anticancer for HCC according to 

histopathological changes that occurred after 

treatment. 
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