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Abstract   

Nano-silvers (AgNPs) are widely used in medical and consumer products thanks to their 
excellent antimicrobial and anti-carcinogenic effects. Sixty mature male albino mice were 
randomly distributed into six groups (ten per group). The first group was kept as negative 
control, the 2

nd
 one was injected with  silver nanoparticles 78 mg/kg BW I/P for 14 days, group 3 

was given pomegranate (20 ml/kg BW) orally for 28 days, in the fourth group pomegranate was 
administrated for 14 days, followed by AgNPs for another 14 days. The fifth one AgNPs were 
I/P injected for 14 days, followed by pomegranate for another 14 days.  The last group received 
AgNPs and pomegranate on the same time with the same doses and route of previous groups.  
The results revealed that pomegranate has a protective impact on AgNPs toxicity in all groups. 
These results were clarified the findings of AST, ALT, SOD, CAT, MDA and GPX. The 
protective and treatment effects of pomegranate in hepatotoxicity were evidenced by 
regeneration of hepatocyte and kupffur cells. 
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Introduction 

Pomegranate is one of the most widely 
known traditional edible plants [1]. It is 
mentioned in the Islam holly book (Quran), the 
Bible, the Torah an the Babylonian Talmod as 
the “Food of Gods” symbolizing abundance- 
fruition and successfulness [2]. The useful 
effects of pomegranate are related to extensive 
spectrum of phytochemicals such as tannins, 
alkalioids and dyes [3]. The polyphenols are 
the main class of phytochemical that found in 
pomegranate, including hydrolysable 
ellagitannins which concentrated in the outer 
compartment of the fruit and punicalagin 
anomers A and B, that represent more than 
50% of the free radical scavenger activity of 
pomegranate juice [4]. There is scanty 
information regarding the distribution, 
bioavailability, absorption and metabolism of 
main ingredients of pomegranate but probably 
they all have similar mechanisms [5]. 
Oxidative stress is indicated by the emission of 
reactive oxygen species (ROS) which 
implicated in oxidative damage to different 
macromolecules [6]. A lot of evidences owed 
several human disorders such as diabetes, 
ageing process, atherosclerosis, arthritis, 
neurodegenerative diseases and cancer to 
oxidative stress [7]. Recently, pomegranate 
has a great importance due to its potent 
antioxidant properties especially in fruit, Juice 

and peel extracts [8]. Nano-Silvers (AgNPs) 
display different chemical and electronic 
properties / reactivity than their bulk counter 
parts [9]. Moreover, their minuet size, make it 
easily break through into the cells where they 
can induced tremendous damage [10]. The 
shape of nano-material may also play a role in 
governing potential toxicity. In general, the 
needle shape nano materials are sever toxic 
than the round shape ones. Indeed, recent data 
has suggested that single walled silver 
nanotubes (rods) are more toxic than fullerenes 
(cylindrical) of comparable size [11]. The 
surface properties of nanoparticles can 
influence how they interact with proteins, 
resulting in different types of corona and 
biological effects [12]. The kupffer cells are 
the specific part of liver that detoxifying and 
clearing foreign materials from the circulation. 
Also, liver endothelial cells participate in 
scavenging waste products, including 
nanoparticles from the circulation [13]. 

The liver sinusoids consists of endothelial 
cells and basal lamina with the connection 
between sinusoidal  lumen and Diss space 
facilitating toxicants easily reach to 
hepatocytes but 500 nm size particles may not. 

In the normal status the body is endowed 
with antioxidant to overcome the oxidative 
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damage, so when the extreme ROS induced by 
nanoparticles exposure, the antioxidant 
mechanism become overwhelmed as the 
increase antioxidant production act as a vital 
line of defense to protect the body from 
damage. The scarcity of literature that  
evaluating the benefit role of pomegranate in 
hepatic damage induced by nanoparticles 
exposure, urges us to do this experiment to 
investigate and through the light on  the 
prophylactic and protective antioxidant  role  
of pomegranate juice against silver 
nanoparticles hepato toxicity              . 

 

Materials and Methods 

Chemicals 

Pomegranate molasses were purchase from 
local market in Zagazig city, Sharkia Province 
Egypt. However, AgNPs are colloidal form 

with yellow / grey / opal colored liquid, 
particle size (33 nm) total diameter with wave 
length (400 -410 nm), were purchased from 
the International Center of nanotechnology, 
Sadaat University, El Sadaat City- Monifya 
Province, Egypt. 

Experimental design 

Sixty male albino mice with (25-30 gm) 
body weight were brought from Laboratory 
Animal Center in National Institute Animal 
Health El Doki Cairo, Egypt. The animals 
were kept in specific cages with food and 
water ad-libtum. All treatments in this 
experiment were done in the line with the 
international acceptance guidelines for   
laboratory animal's care and animal rights. The 
sixty mice were divided after two weeks of 
acclimation into different six groups as in 
Table (1). 

Table 1: Showing animals grouping and treatment. 

Treatment  

Group  
Treatment Rout Duration 

–v Control                            Saline I/P 28 days 

+v Control AgNPs          AgNPs (78 mg/kg b.wt.) [15] I/P 14 days 

+V Control pomegranate (P.J.)       Pomegranate Juice 20 ml/kg b.wt. [16] Orally 28 days 

(P.J. Then AgNPs) 

       

     1
st
 P.J. dosed orally for 14 days 

     2
nd

 – then inject AgNPs I/P for 14 days 

 

P.J. orally 

 

AgNPs I/P 

 

14 days 

 

Then 14 days 

(Ag
1
NPs+P

2
.J.)                      

 

     AgNPs injected I/P for 14 days then P.J.   

      orally for 14 day 

 

 

I/P 

 

orally 

14 days 

Then 

14 days 

AgNPs + P.J. on time AgNPs injected I/P and P.J. dosed orally 

on the same time 

AgNPs I/P P.J. 

orally 

14 day on time 

the both 

 

Blood sampling  

After twenty eight days, all mice were 
killed by cervical decapitation after light 
anesthesia with diethyl ether and the blood 
was collected into clean, non-heparinized 
tubes. The collected blood was centrifuged at 
3500 rpm for 15 minutes, and then obtained 
serum was stored at -20 

o
C till some liver 

enzymes and antioxidant status . 

 

Histopathological observation of liver 

Regarding to pathological evaluation, the 
hepatic tissues were fixed in 10% phosphate –

buffered neutral formalin, dehydrated in 
graded ethyl alcohol and immersed in paraffin. 
Thin sections (4-5 µm) were cut and stain with 
H&E for photo microscopic assessment [14]. 

Biochemical analysis 

Determination of the activities of aspartate 
aminotransferase (AST/ GOT) in serum using 
in vitro kit. AST was measured using 
spectrophotometer [17]. Also, the activities of 
alanine aminotransferase (ALT/ GPT) were 
measured in serum using commercial available 
kit following the guidelines of manufacturer's 
procedures [18]. 
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The activity of superoxide dismutase (SOD) 
in serum of experimental rats using 
epinephrine method [19].Moreover, the 
activity of catalase (CAT) in serum was also 
detected [20]. Determination of 
malondialdehyde (MDA) concentration in 
serum which acts as a marker of lipid 
peroxidation[21]. Determination of glutathione 
peroxidase (GPX) activity in serum of rats 
using NADPH as a substrate [22]. 

Statistical analysis 

The results were shown as means + S.E. All 
data were done with statistical package for 
social sciences (SPSS 17.0 for windows) 
according [23]. The results were analyzed 
using one way anova followed by Duncans 
[24] test for the comparison between each 
treatment in all groups. Statistical significance 
was set up at P<0.05. 

Results and Discussion 

In the last decades, nanotechnology has 
integrated in diverse consumer products with 
great effects on all parts of human, animals, 
environmental and industrial life. The use of 
nanoparticles (NPs) in industrial and medical 
devices has increases significantly recently, 
yet their biotoxic effects have not been studied 
extensively [25]. In our study, we detect 
hepato-toxicity by the predominant 
accumulation of AgNPs in the liver of male 
albino mice and evaluate the prophylactic role 
of pomegranate molasses as natural 
antioxidant. 

Most significant difference in antioxidant 
enzymes was observed in all groups treated by 
AgNPs and remarkable the protective effects 
of pomegranate Juice treatment especially in 
group of dosed with P.J before AgNPs 
treatment. The obtained results were agreed 
with Ebabe et al., [26].  

 
Table 2: Some liver enzymes (AST/GOT) and (ALT/ GPT) activities in serum of albino mice administered 

silver nanoparticles (AgNPs) toxicity and pomegranate juice as protective and treatment. 

 

Treatment 

Groups  AST/GOT activity 

(U/L) 

ALT/GPT activity 

(U/L) 

–v Control 95.30+2.90 
C
 35.30+0.50

 C
 

+v Control AgNPs 146.25+4.50
 A

 80.00+1.90
 A

 

+V Control pomegranate (P.J.) 86.55+1.30
 C

 31.35+0.80
 C

 

(P.J. Then AgNPs) 101.30+2.25
 B

 41.50+0.85
 B

 

(Ag
1
NPs+P

2
.J.) injected I/P for 14 days 

Then dosed P.J. orally for 14 days 
111.40+3.30

 B
 45.30+0.60

 B
 

AgNPs + P.J. on time 99.50+3.15 
C
 38.45+0.40

 C
 

Mean within the same column carrying different superscripts are significant at (P<0.05). 

The results showed significant increase 
in GPX activity in AgNPs intoxicated mice 
and non-significant increase in groups treated 
with pomegranate as protective effect. Another 
finding which confirms the oxidative potential  

of AgNPs is MDA concentration in  serum. 
The increase of MDA levels was recorded in 
AgNPs treated mice revealed the lipid 
peroxidation process. 

 

Table 3: Determination of superoxide dismutase (SOD) and catalase activities in serum of albino male mice 

administered AgNPs and pomegranate juice as protective and treatment 
 

                               Treatment 

 

Groups  

Superoxide dismutase (SOD) 

(U/L) 

Catalase enzyme (CAT) 

(U/L) 

–v Control 15.65+0.35
 C

 55.25+0.55
 C

 

+v Control AgNPs 49.20+2.65
 A

 110.35+1.25
 A

 

+V Control pomegranate (P.J.) 14.10+0.15
 C

 53.50+0.60
 C

 

(P.J. Then AgNPs) 16.85+0.60
 C

 59.15+0.65
 B

 

(Ag
1
NPs+P

2
.J.) injected I/P for 14 days 

Then dosed P.J. orally for 14 days 
19.30+0.90

 B
 61.30+1.10

 B
 

AgNPs + P.J. on time 17.10+1.10
 B

 57.45+0.45 
C
 

 Mean within the same column carrying different superscripts are significant at (P<0.05). 
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Table 4: Determination of Glutathione peroxidase (GPX) and malondialdhyde (MDA) concentration in 

serum of albino male mice administered AgNPs and pomegranate juice as protective and 

treatment. 

Treatment 

 

Groups  

Glutathione peroxidase (GPX) 

(U/L) 

Malondialdhyde (MDA) 

(U/L) 

–v Control 23.60+0.15 
C
 44.45+0.44

 C
 

+v Control AgNPs 56.25+1.30
 A

 89.10+0.90
 A

 

+V Control pomegranate (P.J.) 21.75+0.30
 C

 42.25+0.35
 C

 

(P.J. Then AgNPs) 25.40+0.65
 C

 46.20+0.50
 C

 

(Ag
1
NPs+P

2
.J.) injected I/P for 14 days 

Then dosed P.J. orally for 14 days 
27.30+0.10

 B
 49.65+0.60

 B
 

AgNPs + P.J. on time 25.00+0.60
 C

 51.60+0.45
 B

 

 Mean within the same column carrying different superscripts are significant at (P<0.05). 

 

Histopathological observation of albino 
male mice revealed no assent on the 
cytotoxicity of nano-sliver has been recorded; 
but, there is only a reduction in cells viability 
by toxicity due to the ability of liver to 
transformation of toxicant to other form which 
easily removed from the body [27]. As the 
liver was the main organ of detoxification, 
silver nanoparticles might have accumulated in 
it caused hepatic inflammation this is in 
consistent with Lee et al., [28] who reported 
mild infiltration of inflammatory cells around 
portal vein area of hepatocytes after silver 
nanoparticles administration in rat. The 
engulfment of AgNPs by macrophages 
(Kupffer cells), caused severe inflammation 
which indicated by elevation of some liver 

enzymes including, AST and ALT. In other 
words, silver nanoparticles administration 
increased both AST & ALT activities in serum 
indicated hepatocellular damage. These were 
also confirmed by histopathological 
investigation which represents inflammatory 
cells infiltration in hepatocytes as reported by 
Gatti et al., [29]. But the groups treated firstly 
by P.J. then followed by silver nanoparticles or 
received both P.J. and silver nanoparticles on 
the same time were significantly improved 
than the group received firstly silver 
nanoparticles only due to P.J. has polyphenolic 
contents as ellagic acids that scavenging free 
radicals by electron donor antioxidant 
properties[4]. 

 

Figure 1 A. Liver of mice group (control) showing normal histological structure. (The hepatic lobule is roughly hexagonal 

shaped, with the sinusoids converging from the periphery to the central vein and the portal canals are present at 

approximately three of the six angles of the lobule. The hepatic parenchyma between the portal canals consists of cells 

arranged in cell plates), H&E, X 400. B. Liver of mice group (2), showing vascular congestion, parenchymal and 
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perivascular mononuclear cell aggregation besides proliferated Von Kupffer cells, H&E, X 400. C. Liver of mice group 

(3), showing normal histological structure with increase mitotic activity and numbers of Von Kupffer cells, H&E, X 400.  

D. Liver of mice group (4), showing mild vacuolations in some hepatocytes with slight congestion in the central vein 

besides presence of large number of Von Kupffer cells, H&E, X 400.  E. Liver of mice group (5), showing focal 

mononuclear cell aggregation, and vacuolations of hepatocytes, H&E, X 400.  F. Liver of mice group (6), showing dilated 

sinusoids with mild mononuclear cell infiltration besides, mild vacuolations of hepatocytes, H&E, X 400. 

 

Conclusion 

The author advice to the public uses the 
pomegranate molasses as protective from 
toxicity by silver nanoparticles toxicity. 
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 الملخص العربي

 

 ر الوقبئي لعصير الرمبن مه التسمم الكبدى لجزيئبت الفضة الىبوووية في ذكور الجرذان البيضبء الببلغةالتأثي

 

 أه٘شة عبذ الغخبس عالم  ، هٌٔ هحٖ أحوذ ، علٔ ح٘ذس أبْ حذٗذ  ّهجذٓ فكشٓ أبْ الفخْح

 جبهعت الضلبصٗك -كل٘ت الطب الب٘طشٕ  -الطب الششعٔ ّالغوْم  لغن

 

ّرلك ًخ٘جت  هجوْعت هخٌْعت هي الوٌخجبث الطب٘ت ّالوغخِلكتفٔ حبل٘ب علٔ ًطبق ّاعع  بث الفضت الٌبًْٗت خن اعخخذام جضٗئٗ

د الخغون ّهحبّلت احذإعالس الغشطبى. ّفٔ ُزا البحذ حن اعخخذهِب فٔ  المضبء علٔ الو٘كشّببث ّلمذسحِب الووخبصٍ فٔ 

عششة فٔ ) إلٔ عخت هجوْعبثْى جشر أب٘ض ركش ّحمغ٘وِب ببلخغبّٓ الشّهبى لزا حن اعخخذام عخ دبظالخغلب علِ٘ب ببعخخذام 

٘ت فٔ الغشبء ًضببطت ، ّالزبً٘ت حن حمٌِب بجضٗئبث الفضت الٌبًْكوجوْعَ الوجوْعت األّلٔ : ح٘ذ حن احخبر  هجوْعت(  كل

هل٘جشام/كجن هي  02 شهبى ال ذبظب ِبهل٘جشام/كجن هي ّصى الجغن ، ّالزبلزت حن حجشٗع 87ْٗم  بجشعت  41خًْٔ لوذة ٗالبش

ْٗم رن حمٌِب ببلفضت  41الشهبى أّالً لوذة  ذبظْٗم ّالشابعت حن حجشٗعِب ب 07لوذة  وعذٓللٔ الاأًبْبت بعخخذام ب ّصى الجغن

اهب  ْٗم  41الشّهبى لوذة  ذبظحجشٗعِب ب رن ْٗم 41٘ت لوذة ًْٗم أخشٓ. ّالخبهغت حن حمٌِب ببلفضت الٌبًْ 41٘ت لوذة ًالٌبًْ

الشّهبى لَ حأر٘ش كب٘ش فٔ  دبظّجذ أى  . الشّهبى فٔ ًفظ الْلج ذبظ٘ت ّحجشٗعِب بًحن حمٌِب ببلفضت الٌبًْ فمذ  الغبدعت

الكبذ  ّظبئفل ع٘شم الذم الخخببساث ًشبط بخحل٘ وْعبثالجِب ّحن حأك٘ذُب فٔ كل الوج٘ت ّعًلخغون ببلفضت الٌبًْلالخصذٓ 

(ALT & AST) ّ  هضبداث األكغذة(CAT, SOD and GPX) ّ حشك٘ض الوبلًْذالذُ٘ذ ل٘بط(MDA)  كوب حن لشاءة .

ْفش بعذ كخالٗب الكبذٗت ّخالٗب الحجذٗذ ّالشّهبى لَ حأر٘ش كب٘ش فٔ اعبدة  دبظّححل٘ل الِغخْببرْلْجٔ ألًغجت الكبذ ّجذ أى 

 ٘تًاعخخذاهَ فٔ الخغون ببلفضت الٌبًْ


