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A silver/hydroxyapatite nanocomposite (nAg/HAp) has been formulated by a chemical 

route and characterized by X-ray analysis spectroscopy, Scanning Electron Microscope, 

Transmission Electron Microscope. The current study deals with assessing the efficiency 

of nAg/ HAp against whole body γ-irradiation induced hepatic damage. Twenty-four 

male rats were assorted into three groups; one group was left as control while the rest 

two groups were subjected to 8 Gy single dose γ-ray and then treated by an intravenous 

injection (i.v.) with saline to one group and nAg/HAp solution to the other one.  DNA 

damage and biochemical analyses for hepatic tissue and serum including liver function 

enzymes, antioxidant enzymes and inflammatory markers were evaluated. 

Histopathological examination was performed to verify the reached biochemical analyses 

outcomes. The expermintal results depicted that i.v. nAg/HAp repaired the damage DNA 

induced by irradiation and this improvement confirmed by decrease in the concentration 

of 8-hydroxy-deoxyguanosine (8-OHDG) and caspase-3 as well as elevation of the 

antioxidant enzymes in the hepatic tissue. On the other hand, nAg/HAp significantly 

recovered serum liver enzymes (AST, ALT, and LDH) total bilirubin (TB) and albumin 

as well as decreased the levels of MCP-1, IL-6, IL-10, TNF-α and MMP-9. 

Histopathological examinations exhibited the ability of nAg/HAp in overcoming the 

damage consequent to irradiation and recovered the hepatic cellular structure for 

nAg/HAp group with minor change represented by diffusion of some inflammatory cells 

in between hepatocytes. It can be concluded that nAg/HAp offers a promising treatment 

against hepatocellular injury induced by γ-irradiation. 
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 INTRODUCTION 

Silver nanoparticles (nAg) have wide biomedical 

applications due to their natural antimicrobial and 

fungicidal activity [1]. The distinctive physicochemical 

properties of nAg gave them a great importance in the 

production of many medical tools and materials and in   

a diverse range of consumer products [2,3].   

Although nAg has proven merit as a drug in various 

medical fields, its clinical use is limited due to its toxic  

effect [4]. The cytotoxicity evidences of nAg depended 

on in-vitro studies, which is the biological conditions 

that are extremely different from in-vivo conditions of 

living system. The agglomeration and dissolution in 

biological media are dependent on the method of nAg 

preparation. In the biological media, the surface of nAg 

oxidize and release Ag+ wich have the strong affinity to 

interact with sulfur containing macromolecules and 

induce apoptosis mediated ROS and mitochondrial 

pathway [5].  To avoid this disadvantage, nAg 

formulation reqires to support on the surface of different 

substrates [6]. However, several methods have been 

developed for nAg synthesis for the purpose of control 

of the particles morphology and the physiochemical 

properties to appropriate the practical applications [7]. 

However, nanocomposite of Ag and HAp (nAg/HAp) 

have potential medical applications because nHAp is an 

inorganic component of hard tissue and has better 

bioactivity and nAg has antitoxical properties [8]. 

Ionizing radiation hazardous effect on human health is 

well documented. Exposure to a large single dose of 

radiation tends to cause injury more than the same dose 

given for a prolonged period. The energy emitted from 

ionizing radiation is sufficient to damage the cellular 

components including DNA, proteins and cellular 
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membrane [9]. The oxidative stress spreads in a wide 

range with the assistance of intracellular communication 

mechanisms. The main mechanism of the radiation is the 

interaction with water in the biological media, and the 

generation of excessive ROS. Consequence events of 

ROS are depletion in antidxidant system, augmentation 

of inflammatory cytokines, inhibition of immunity, 

induction of apoptosis and cancer. However, the cells are 

extremely efficient in repairing the damage within the 

limits of their capacity. If the cells damage is not 

properly repaired, it can lead to cellular death or harmful 

changes in the DNA with prospect a mutation [10]. 

Because the radiotherapy has fatal effects on healthy 

cells, there is a growing interest in finding the 

therapeutic agents for human health. The current study 

aimed to formulate a biosafe Ag/HAp nancomposite by 

the simple method to employ as a therapy for the 

damaged liver of rats exposed to 8 Gy of whole body γ-

irradiation. The efficiency of nanocomposite was 

investigated by hepatic genotoxicity test (Comet assay), 

hepatic histopathological examination and biochemical 

analyses including liver enzymes, cytokines and oxidant 

status.  

EXPERIMENTAL APPROACH 

Chemicals used: 

The preparation of  Ag/HAp nanocomposite was 

performed using the following pure chemicals and 

reagents: silver nitrate (AgNO3, Mwt.169.88g/mole, 

Johnson Matthey), ammonium hydroxide (NH4 OH, 

Mwt. 35.5g/mole, May & Baker, England), poly vinyl 

alcohol (PVAL) (Mwt.≈160000 g/mole), anhydrous 

diammonium hydrogen orthophosphate (NH4)2HPO4, 

132.06g/mole, S.D. Fine Chem. Ltd. Mumbai), calcium 

nitrate tetrahydrate (Ca(NO3)2.4H2O, Mwt. 

236.15g/mole, Merk, Germany), polyvinylpyrrolidone 

(PVP) and sodium hydroxide (NaOH). Deionized water 

was used in preparing the solutions. Lead nitrate was 

used as a solution in 0.9% saline. 

Source of radiation: 

The source of radiation was provided from gamma 

cell-40, cesium-137 source with dose rate of 0.84 Gy 

min−1 is belonging to the National Center for Radiation 

Research and Technology (NCRRT), Cairo, Egypt.  

Preparation of nAg/HAp: 

Nano-silver synthesized in nHAp structure to inhibit its 

toxicity by controlling the release of Ag ions.  Nano Ag 

was prepared chelated by nHAp in polymeric matrix 

route. HAp stands out because it is similar in structure 

and chemical composition to the mineral of hard tissue 

in the body. Other factors such as ionic strength, pH and 

the presence/absence of other salts were utilized to 

produce an advanced structure of nAg supported on the 

surface of HAp nanoparticles (nAg/HAp) with 

developed characteristics. Polyvinyl alcohol was 

dissolved in 500 ml warm deionized water at 70°C, a 

free complete evolved. Calcium nitrate was added and 

0.005 gm of silver nitrate (1/5 LD50), then ammonium 

hydrogen ortho phosphate was added with in a molar 

ratio of 1.67 to calcium nitrate under PH control. After 

the addition of ammonium orthophosphate, the crystal 

structure of HAp was formed and trapped Ag ions to 

declare its toxic inhibition. The formed gel was filtered 

and dried at 80°C for 24 hours.  

Characterization of nAg/HAp: 

Sample of the nAg/HAp product was characterized 

using Energy-dispersive X-ray analysis spectroscopy 

(EDAX) using EDAX (Ametek), High-resolution 

transmission electron microscope (TEM) JEOL2100 and 

Scanning Electron Microscopy (SEM) Philips XL30 

instrument made in Holland.  

Determination of nAg/HAp LD50: 

To evaluate LD50 of nAg/HAp, eighteen rats weighted 

160-170 gm were divided into equally six groups. They 

were injected intravenously once with different doses 

(100, 300, 600, 1200, 1600 and 2600 mg/kg b.w.). The 

physical activity and mortality of rats were followed up 

and at the end of experiment, dead rats were counted in 

each group. The LD50 value was calculated according to 

the method of Lorke [11]  
 

LD50   = M0+ M1 /2 
 

M0= Highest dose of substance at which no mortality, 

M1= Lowest dose of substance at which mortality. 

Estimation of hepatotherapeutic effect of nAg/HAp:  

Histopathological examination and liver enzymes 

analysis were performed in each trial to select the 

optimal dose and  design of the experiment. Irradiated 

rats were injected with nAg/HAp either as a single dose 

or as a fractionated dose at level of 75, 150 and 300 

mg/kg b.w. Based on the obtained results and consistent 

with the previous study by [8], the best therapeutic effect 

of nAg/HAp was reported is 75 mg/kg b.w. weekly for 4 

weeks.  

https://pubmed.ncbi.nlm.nih.gov/?term=Lorke+D&cauthor_id=6667118
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Animals: 

Twenty –four male rats weighing 160-170 gm b. w. 

were used in this study. The cages of the rats were 

placed in alternative light/dark cycle (12 hours for each) 

and suitable conditions of heat and humidity. Rats 

provided with food and water freely. The study was 

conducted in accordance with the Guide for the Care and 

Use of Laboratory Animals [12] and this protocol 

complied with the guidelines of the Ethical Committee at 

National Center for Radiation Research, Egyptian 

Atomic Energy Authority, Cairo, Egypt (NCRR- 

EAEA).  

Experimental design: 

Twenty-four rats were assorted into three equal groups: 

control group (injected intravenously 1 m1/rat normal 

saline once a week for three weeks, termed C group), 

irradiation model group (8 Gy whole body irradiation, 

termed IR group and injected normal saline 1 ml/rat once 

weekly for three weeks,), and nAg/HAp group (rats were 

received an intravenous injection of nAg/HAp  at a dose 

level of 100 mg/kg/bw dissolved in 1ml saline 

once/week for three weeks on the next day of irradiation, 

termed IR+ nAg/HAp). Serum and tissues were collected 

after 24 hours of the last dose of nAg/HAp injection.  

Samples collection: 

Blood was collected from orbital vein and serum was 

taken after centrifugation at 3000 rpm for 10 min for 

biochemical analyses. Livers were removed out after 

rat’s decapitation, washed by ice-cold saline and dried. 

Each liver was divided into 3 parts: two parts were put in 

saline and stored at −80°C to evaluate the fragmention of 

DNA and assayed some biochemical parametrs. The 

third part was put in 10% formalin for the ; 

histopathological examination. 

Method of liver homogenization: 

To prepare 20% of liver homogenate; a piece of liver 

whighing 2 g was homogenized in saline phosphate 

buffer at pH = 7.4. The homogenate was centrifuged at 

20 000 rpm for 20 min at 4 °C. Then, the whole product 

was used for analysis [9]. 

Genotoxicity test (Comet assay): 

The genotoxicity test was applied in different groups 

by comet assay technique to reveal the degree of DNA 

fragmentation.  The comet assay was performed using a 

fluorescence microscope connected to a CCD camera 

with an image analysis system at 400× magnification. 

This system acquired the images, calculated the intensity 

for each cell, estimated the components of comet cell, 

and finally evaluated the ranges of the derived 

parameters.  To evaluate the DNA damage, the comet 

tail length (TL), the percentage of fragmented DNA (tail 

DNA %), and the tail moment (TM) were determined. 

TL expresses the  value of the fragmented DNA in 

micrometres and is measured from the cell center. The 

damge of DNA was quantified by determining the 

distance between the comet head and the tail. 

 Biochemical analyses of the liver homogenate: 

In whole liver homogenate, 8-hydroxy-deoxyguanosine 

(8-OHDG) and caspase-3 levels were assessed based on 

a solid phase enzyme linked immunosorbent assay 

(ELISA) obtained from Life Sciences Advanced 

Technologies, Saint Petersburg FL 33710 and sandwich 

ELISA kits USCN Life Science, Rat caspase-3, Catalog 

no. E90626, China), respectively, according to the 

manufacturer’s instructions. Determination of 

malondialdehyde (MDA) was evaluated according to the 

colorimetric method of Erdelmeier [13]. Superoxide 

dismutase (SOD), glutathione peroxidase (GPx) and 

catalase (CAT) were estimated according to the 

techniques of Janknegt [14], Paglia [15] and Aebi [16] 

respectively. 

Serum analyses: 

Aspartate aminotransferase (AST) and alanine 

aminotransferase (ALT) were evaluated according to the 

German Society for Clinical Chemistry [17]; lactate 

dehydrogenase (LDH) was evaluated by the kinetic 

method according to Vanderlinde [18]; and the extent of 

total bilirubin and serum albumin were analyzed based 

on full automated Siemens Dimension Clinical 

Chemistry System. Serum monocytes chemoattractant 

protein-1 (MCP-1), interleukin-6 (IL-6) and interleukin-

10 (IL-10) were evaluated using ELISA kits  purchased 

from MyBioSource (San Diego, CA, USA) Catalog no. 

MBS8804486, MBS4500393 and MBS2700945) 

respectively. The concentration of tumor necrosis factor-

α (TNF-α) was determined by Rat TNF-alpha ELISA Kit 

from MyBioSource (San Diego, CA, USA, Catalog no. 

MBS2507393).  Metalloproteinase-9 (MMP-9) was 

assessed using sandwich ELISA kits (Rat MMP-9, 

Catalog no. E90553, China). 

Histopathological assessment: 

The liver tissue was fixed in 10% formol saline for 

twenty-four hours.   Washing with tap water follwed by 

dehydration treatmen that was performed by applying a 

series of diluted alcohols. Specimens were purified by 

xylene and put in paraffin at 56 oC in a hot air oven for 

https://pubmed.ncbi.nlm.nih.gov/?term=Aebi+H&cauthor_id=6727660
https://www.mybiosource.com/rat-elisa-kits/mcp1-monocyte-chemotactic-protein-1-/8804486
https://www.mybiosource.com/rat-rtu-elisa-kits/interleukin-6-il6/4500393
https://www.mybiosource.com/rat-elisa-kits/interleukin-10-il10/2700945
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twenty-four hours. Paraffin–bees wax tissue blocks were 

prepared for 4 μm sections which was cut using sliding 

microtome. The obtained tissue sections were collected 

on glass slides, deparaffinized, stained by hematoxylin & 

eosin stains and examined using light microscopy [19]. 

Statistics: 

The values represented the avarage data for 8 rats ( ± 

SE. Data obtained were analyzed using a one-way 

analysis of variance (ANOVA). The level of significance 

between mean values was set at p ≤ 0.05. All statistical 

analyses were performed using SPSS software (version 

20.0). 

RESULTS 

Characterization of nAg/HAp: 

SEM analysis showed that silver nano-particles had a 

nano size range from  75 to 80 nm and successfully 

dispersed in the nHAp (Fig.1a & 1b). EDAX analysis 

showed the percentage of nAg post- filtration and drying 

process, wherase the analysis of the filtered solution did 

not detect the silver or calcium ions (Fig.2). TEM 

showed the distribution of nAg on the nHAp as shown in 

figure (3a &3 b). Ca/P was formed with molar ratio of 

1.67. It was noticed that the presence of nAg did not 

affect the crystal structure of nHAp. 

 

 

 

 
 

 

 

 

 

Fig. (1): SEM of dried nAg sample 

 

 

 

 

 

 
  

Fig. (2): EDAX analysis of dried nAg/Hap 

 

 

 

 

 

 

 

(3a): Low concentration of nAg                                                (3b): High concentration of nAg 
 

 

Fig. (3): TEM of the prepared nAg/HAp 

a b 

1b 1a 
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Liver morghological features: 

Fig. (4) demonstrates the morphological features of 

liver in different groups. Irradiated liver appeared 

different from the control and irradiated-treated livers 

as regard to texture, color and size. 

Comet assay: 

The comet assay is one of the most   accurate 

techniques for the determination of an diverse types of 

DNA damage.  The extent of DNA injury was 

expressed by the stained DNA Tail length (μm), 

Tailed % and Tail moment in unit (Table1). The single 

cell electrophoresis showed that the length of DNA 

comets tail of irradiated rats’ hepatocytes was longer 

(Fig. 5 b) as compared with controls (Fig. 5a) 

indicating the adverse effect of irradiation on DNA. 

Rats that received an intravenous injection of 

nAg/HAp showed a reduction in their comets tail as 

shown in (Fig. 5c) indicating the positive role of 

nAg/HAp in reparing the fragmented DNA due to 8 

Gy gamma irradiation exposure. 

 

 

 

 

 

 

 
 

Fig. (4): photograph of morphological livers in different groups 

 

           Table (1): Score of hepatic DNA damage in the different rat groups 

Groups 

Parameters 
C IR IR+nAg/HAp 

Tailed % 4 16 7 

Untailed % 96 84 93 

Tail length (μm) 1.33 5.54 2.89 

Tail DNA % 1.21 4.60 2.7 

Tail moment UNIT 1.61 25.48 7.80 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5):  Photomicrographs showed comet assay of rat’s liver 

(5a) Group C, (5b) Group IR, (5c) Group IR+nAg/HAp 

 

a b c 

a b c 
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Biochemical analysis results: 

The current results revealed that the 8-OHdG and 

caspase-3 were increased significantly (p < 0.05) in the 

hepatic tissues of the IR group as compared to control 

and irradiated-treated groups. It was found that i.v. 

injection of nAg/HAp significantly reduced 8-OHdG and 

caspase-3 levels when compared with the IR group, this 

reduction did not reach the control levels (Table 2). 

Regarding to irradiated rats, the hepatic MDA level 

was increased, while the SOD, GPx and CAT values 

were decreased (P < 0.05) as compared to control rats. 

Reduction in the MDA value and augmentation in SOD, 

GPx and CAT activity (P < 0.05) appeared in the IR+ 

nAg/HAp group when compared to IR group (table 3). 

The levels of SOD, GPx and CAT enzymes          

recorded insignificant differences between nAg/HAp and 

C groups.    

The obtained results suggested that exposure to 8 Gy 

whole body γ-irradiation elevated the level of AST, 

ALT, LDH as well as TB and diminished Alb level 

in serum. Ag/HAp nanocomposite had a positive effect 

in diminishing the elevation of liver function markers 

when compared to IR group, but this neutralized impact 

did not reach the control level excpet for Alb 

concentration which recored 3.72 ±0.21 g/100ml 

compared to 4.83±0.57 g/100 ml in C group (Table 4). 

Compared to the control group: MCP-1, IL-6, TNF-α 

and MMP-9 levels were elevated while IL-10 level was 

diminished in the serum of the irradiated group 

(p< 0.05). These immune markers were enhanced in the 

IR+ nAg/HAp group versus the irradiated group (at 

p < 0.05).  On the other hand, the values of IL-6, IL-10 

and TNF-α content for the rats in irradiated-treated 

group showed non-significant changes as compared to 

the control group as   indicated in Table (5). 
         Table (2): Hepatic 8-OHDG and Caspase-3 in the different groups 

                                          Parameters 

                     Groups                

8- OHDG (pg/mg) Caspase-3 (ng/100g tissue) 

C 159.34 a±7.53 64.76a±0.99 

IR 197.71b±5.97 138.33 b±5.00 

IR+nAg/HAp 171.31c±8.66 90.86c±2.32 

         Values are the mean ± SE. Values in the same column mark by different letters are differ significantly (p < 0.05). 
 

         Table (3): Hepatic oxidative stress markers in the different groups  

                         Groups 

Parameters          

  

                       C  

 

 

IR 

 

IR+nAg/HAp 

MAD (µM/gm) 4.31a±0.73 11.98b ±1.46 7.58c ±0.98 

SOD(U/mg protein) 491.82a ±6.87 308.84b ± 8.33 437.72ac ±6.42 

GPx(U/mg protein) 661.05a ±5.74 450.27b ± 5.99 595.78 ac ±6.76 

CAT (U/mg protein) 42.33a ±3.63 21.39b ± 1.81 38.52a ±2.85 

        Values are the mean ± SE. Values in the same raw mark with different letters are differ significantly (p < 0.05). 
 

          Table (4): Serum liver function markers in the different groups 

                               Groups 

Parameters 
C IR IR+nAg/HAp 

AST(U/L) 187.73a±6.88 283.71b±6.32 210.77c±4.81 

ALT  (U/L) 148.84 a ±5.45 213.05 b ±4.67 186.11c±3.56 

LDH     (U/L) 780.64 a ±7.98 1217.44 bc ±7.22 950.43d±8.45 

Alb (g/100ml) 4.83 a ± 0.57 2.36c±0.04 3.72 ab ±0.21 

TB  (mg/dL) 0.18 a ±0.21 0.62 b±0.01 0.23a ±0.01 

         Values are the mean ± SE. Values in the same raw mark with different letters are differ significantly (p < 0.05). 
 

          Table (5): Serum cytokines in the different groups 

                                  Groups 

Parameters 
C IR IR+nAg/HAp 

MCP-1 (pg/ml) 103.5a ± 4.64 355.25b ± 8.01 200.83cd±5.63 

IL-6 (pg/ml) 337.69 a ±7.43 551.73c±5.68 423.28ad ±8.32 

IL-10 (pg/ml) 611.38 a ±9.39 385.28 b ±6.73 444.71ac±9.61 

TNF-α (pg/ml) 23.44 a ± 1.71 44.92 b ±2.21 29.75 a ±2.73 

MMP-9 ng/ml 2.33 a ±0.06 9.54 b ±1.11 5.85c ±0.25 

         Values are the mean ± SE. Values in the same raw mark with different letters are differ significantly (p < 0.05). 
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Histopathological results: 

    As shown in Figure (6), the hepatic tissue of the 

control group showed a normal structure with cords of 

hepatocytes radiating from the central vein (C.V) and 

separated by blood sinusoids (S). However, the liver 

section for the rats exposed to 8 Gy of irradiation 

showed extensive hepatic alterations including 

degeneration of parenchymal hepatocytes (d) and 

pyknotic hepatocytes (p) (Fig.7) as well as 

inflammatory cells in between the fatty changed 

hepatocytes (arrow) (Fig. 8) and in portal area (m) 

(Fig. 9) associated with dilatation and congestion in 

the central vein (C.V) with fatty change (f) and 

hydropic degeneration (arrow) in the hepatocytes 

(Fig.10). Administration of nAg/HAp post-irradiation 

restored the architecture of central vein (C.V) and 

surrounding hepatocytes (h) (Fig. 11) with few 

inflammatory cells diffused in between hepatocytes 

(m) as shown in Fig. (12). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (6): liver section of normal rat (H&E × 400) 

Fig (7): liver section of irradiated rat at 8 Gy 

(H&E×160) 

 

Fig (8):  liver section of irradiated rat at 8 Gy 

(H&E×160). 

Fig (9): liver section of irradiated rat at 8 Gy 

(H&E×160). 

Fig (10):  liver section of irradiated rat at 8 Gy 

(H&E×80). 
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Fig (11):  liver section of irradiated rat at 8 Gy and treated 

by nAg/HAp (H&E×64). 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION  

Radiation therapy represnts an important status in the 

treatment of various types of cancer. However, a general 

view of radiation is damage to normal tissue due to 

interaction between the ROS build-up and organic tissue.  

This interaction leads to the damage of different 

components in the cell resulting in biochemical and 

histological changes [20]. The liver is a radiosensitive 

organ and exposure to irradiation can induce liver 

damage and can increase the risk of hepatic cancers [21].  

In the current study, the damaging effect of 

irradiation on DNA is manifested by alterations of comet 

parameters. Comet assay is widely used to detect 

genotoxcity and cellular DNA lesions [22, 23, 24]. The 

main reasons of DNA damage are; direct action of 

radiation, which causes defect in the chemical bonds of 

DNA structure leading to strand breaks and indirect 

action consequently to large production of ROS, caused 

various types of DNA damage [24, 25]. On the other 

hand, ROS attack DNA guanine bases produce formation 

of 8-OHdG, which can bind to thymidine rather than 

cytosine [25]. Thus, 8-OHdG is a reliable indicator for 

DNA oxidative damage and elevation of 8-OHdG in 

hepatic tissue in irradiated rats confirmed this 

hypothesis. Apoptosis is a hallmark cascade of 

irradiation due to direct hits the DNA molecule and 

change the molecular structure. Caspase-3 (executioner 

caspase), is activated during apoptotic pathway and plays 

a dominant role in coordination of the demolition phase 

of apoptosis by cleaving a varied array of protein 

substrates [26, 27]. The elevation of caspase -3 level in 

the irradiated group reflected the harmfull effect of 

irradiation on molecular components of the cells.  

The imbalance between oxidation and natural 

antioxidant systems can be executed by irradiation 

generated large amounts of ROS [28].  The obtained 

results showed a marked increase in MDA content 

accompanied with reduction in SOD, GPx and CAT 

concentrations in hepatic tissues of irradiated rats. It is 

well known that ROS is the major key of the broken 

balance between oxidant and antioxidant system [28, 

29]. The increase of MDA content may reflect the high 

degree of lipid peroxidation in liver tissue and implies 

the failure of the antioxidant system in repulse the flood 

of ROS [29]. The depletion in the antioxidant enzymes 

in liver (SOD, GPx and CAT) is a rational result because 

the capability of these enzymes is insufficient to 

encounter ROS cascade and accompanied lipid 

peroxidation byproducts [30]. The increase in the 

concentration of MDA points to the extensive of 

oxidative stress, SOD neutralizes •O2
− by converting it to 

oxygen O2 and H2O2, and then, H2O2 is converted to 

H2O and O2 by the assistance of CAT  [31].  

Consequently, the functional capacity of liver tissue 

was impaired leading to an increase in the activities of 

serum transaminases (AST & ALT), LDH enzymes and 

TB as well as depletion in the level of Alb. Just the 

hepatocyte damage, the cell membrane permeability 

increases that facilitates the cytoplasmic enzymes 

leakage through the damaged membrane to the blood 

[32, 33]. Bilirubin is produced from the breakdown of 

hemoglobin and carried by albumin to the liver. Once, in 

the liver, it conjugates with glucuronic acid. This 

conjugation may be formed a mass hindrance and the 

unconjugated bilirubin is release into the blood stream 

from damaged hepatocytes leading to increment its level 

in serum [34]. The phenomenon of hypoalbuminemia 

Fig (12): liver section of irradiated rat at 8 Gy and 

treated by nAg/HAp (H&E×160). 

https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/s12906-020-03182-1#auth-Wei-Li
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refers to alterations the incidence in gene metabolism 

results from proteomic damage and impaired its 

synthesis within extensive liver damage induced by 

irradiation [35]. Thus, the up regulation of bilirubin and 

down regulation of albumin in the serum of the 

irradiated rats is ascribed to the adverse effect of 

irradiation on hepatic cells.  

Exposure to irradiation-mediated ROS inflicts a vast 

interplay of inflammatory response including activation 

of the expression of cytokines, stress-sensitive kinases 

and transcription factors [36]. The present study showed 

a significant increase in serum values of TNF-α, IL-6, 

IL-10, MCP-1 and MMP-9 in irradiated rats. TNF-α 

tightly coordinated pro-inflammatory cytokines 

activation such as IL-6, IL-10 and monocyte chemotactic 

protein-1 (MCP-1) as well as MMP-9 by regulating the 

stimulation of T cell expression to secret cytokines. IL-6 

has a dual role, as a proinflammatory cytokine and as 

anti-inflammation regulator, which stimulates the anti-

inflammatory cytokine such as IL-10 and certain liver- 

specific transcription factors [37, 38].  Likewise, IL-10 

down regulates the activity of TNF-α and inhibits the 

production of IL-6 for long-term [39]. 

The battery of tests applied in the current study are 

important because the hepatic functions are not 

simultaneously affected and to confirme the potential 

therapeutic effect of nAg/HAp thus; the single parameter 

is not accurate to detect the liver disorder. The results 

showed a significant effect of nAg/HAp in the recovery 

of most of the molecular, biochemical and histological 

changes consequent to irradiation. The impact of 

nAg/HAp was more pronounced in inhibition of the 

oxidative stress associated with the repair of the 

fragmented DNA and a reduction of inflammatory 

cytokines with consequence of improvement in serum 

hepatic enzymes. Such findings were consistent with the 

results repoted in previous studies [8, 40 & 41]. Some 

researchers suggested that nAg cytotoxicity is mainly 

attributed to the interaction of nAg with the biological 

media and release of Ag+. The most important 

cytotoxicity mechanism of nAg is the interaction of Ag+ 

with sulfur containing macromolecules [5]. The study on 

lung carried by Cameron et al., [42] suggested that 

insoluble Ag2S reduces the potential toxicity of nAg 

because Ag2S complexes around nAg particles may act 

as Ag+-sequestering and inhibits the toxicity 

mechanism. However, there is no consensus on nAg 

toxicity because in-vivo studies carried out with short-

term experiments or in in-vitro studies can not be 

applicable to living system [43]. In addition, some 

studies challenged that nAg induced ROS production 

and based their results on the difference in experimental 

conditions such as treatment duration, cell types, the 

method used for ROS detection as well as factors 

contributed to nAg synthesis and the physiochemical 

characteristic of the final product [8,42,44].  The current 

study dealt with modifying the manufacture of nAg 

supported on nHAp in order to examine the efficiency of 

this nanocomposite against the hazardous effect of 

radiation exposure. The nanocomposite of Ag/HAp 

contains low content of Ag nanoparticle (1/5 LD50) and 

has been prepared by the chemical route and subsequent 

chemical neutralization process. In this method, 

Polyvinyl alcohol (PVA) is used to act as a polymeric 

matrix where Ag ions are distributed on it to form a 

crystalline structure in nano rang as the same as Ca ions 

without agglomeration.  The prevailing views is that the 

oxidative stress accompanied with ROS has a complete 

responsibility for any damage at cellular or systemic 

level occurring from either extrinsic or intrinsic 

conditions [8, 9, 32]. The current results showed 

inhibition of lipid peroxidation products represented by 

decrease of hepatic MDA level and activation of 

antioxidant enzymes elevation of hepatic GPx, SOD and 

CAT concentrations. Such results are in line with 

previous studies by Hassen et al., [34] and Antony et al., 

[45] who revealed that nAg decreased the level of NO 

when utilized in the treatment of hepatocaecinoma and 

others found no change in ROS level after nAg 

administration [42,46 & 47]. The current study showed 

that nAg/HAp i.v. injection ameliorated the liver 

function biomarkers and this finding may be attributed to 

changing the integrity and permeability of hepatocytes 

membrane. Such findings agreed with the results of 

Hassen [34], Singh et al., [41] and Melo et al., [48] who 

reported that there was a significant decrease in 

aminotransaminases and bilirubin level after nAg 

treatment that may be attributed to normal regeneration 

of liver activity. The down stimulation of inflammatory 

cytokines was tightly associated with lessen oxidaditve 

stress. Injection of nAg/HAp decreases the induction of 

cytokines that may be due to minimizing oxidative 

destruction mechanism mediated ROS to the liver cells 

other than evoking the activity of antioxidant enzymes 

[49]. Although, nAg/HAp can be a potential in medical 

applications because the formulation structure is a 

combination from biocompatible and antibacterial 

materials, the studies conducted on this nanocomposite 

are rare. Previously, Inderand Kumar [4] suggested that, 

it is important to standardize the formulation of nAg to 

avoid the potential toxicity and with each combination 

with other particle; the composite is being utilized to 

https://pubmed.ncbi.nlm.nih.gov/?term=Antony+JJ&cauthor_id=23537836
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produce nanoparticles with unique physiochemical 

properties, controlled size and shape of particles. 

The effective role of nAg/HAp in repairing the 

fragmented DNA and in ameliorating the liver related-

biochemical markers were confirmed by hepatic 

histopathological features. Hence, the examination of 

liver sections from IR+nAg/HAp rats showed a complete 

diappearance of severe histopathological changes 

induced by irradiation with few inflammatory cells 

diffusing between the hepatocytes. 

CONCLUSIONS 

A composite of nAg successfully dispersed into 

nHAp matrix was synthesized by a chemical route to 

produce a final biosafe product (nAg/HAp).The 

nanoparticles were supported on a matrix and nHAp 

trapped nAg to control the release of Ag+ in biological 

media. The prepared nanocomposite with its 

physiochemical characteristics effectively ameliorate the 

hepatocytes damage induced by exposure to 8 Gy γ-

irradiation. According to the molecular, biochemical and 

histopathological results, nAg/HAp represents a potential 

effect to a high degree in recovering the serious effect 

following exposure to irradiation and thus, represents a 

prospective treatment for such cases. 
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