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Objective(s): The use of silver nanoparticles in the field of biomedicine is 
increasing day by day, but less attention has been paid to its toxicity. In this paper, 
the ability of the silver nanoparticles produced by a green synthesis procedure to 
protect the liver and its effects on liver function in male mice was investigated in 
a sub-chronic toxicity study. 
Methods: The silver nanoparticles functionalized the hydrolyzable tannin fraction 
of Myrtus communis (MC-AgNPs) were used for testing in vivo sub-chronic 
toxicity in mice model. The MC-AgNPs and Ag+ were intraperitoneally injected 
with different doses 5 times a week over 90 days. The biochemical, hematological 
factors were determined using an autoanalyzer following the routine procedures. 
In addition, histopathological test of liver tissue in laboratory mice were examined 
through haematoxylin & eosin staining. 
Results: The obtained results showed that liver enzymes (AST, ALT, and ALP) 
were decreased. The mean value ± standard deviation of white blood cells, 
lymphocytes, red blood cells and Hb were increased, while red blood cells and 
hemoglobin decreased. Histopathological investigations indicated no obvious 
effect on hepatic cyto-architecture in the group receiving silver nanoparticles 
(50 mg/kg), and mild inflammation in the port space. In the groups receiving 
silver nanoparticles (100 and 200 mg/kg), mild inflammation, and moderate 
inflammation were observed in the port space and pre portal, respectively. 
Conclusions: The findings indicated that AgNPs could be safe even for long-term 
use in a therapeutic period if hybridized with active biomolecules.
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way of the degrees of these enzymes, which were 
enhanced in Ag+ group comparative with the control 
group (AST; P < 0.0001, ALP; P = 0.0574 and ALT; 
P = 0.5291), (Fig. 2A–C). Compared with the Ag+ 
group, Ag+ group, treatment with the MC-AgNPs 
dose-dependently reduced the degrees of AST; 
P < 0.0001, ALT; P < 0.001 and ALP; P < 0.0001. 
Simultaneously, AST, ALT and ALP values likewise 
decreased in MC-AgNPs-treated mice, compared 
with the control group dose-dependently. Thus, 
the mice treated with MC-AgNPs at doses of 100 
and 200 mg kg‒1 revealed a significant lessening 
in ALT and ALP levels than the control group 
(ALT; P < 0.05 and ALP; P < 0.001). In short, 
treatment of mice with the MC-AgNPs weakened 
the liver dysfunction (ALT/AST/ALP values), 
especially ALP, and AST enzyme levels were close 
to the control group in all three doses. Similar 
observations have been reported by Dhilil et al. 
(2020) after treatment of mice by green synthesized 
nanoparticles using Indigofera oblongifolia leaf 
extract [34]. In addition, Rai et al. (2017) reported 
lower levels of hepatic enzymes in mice treated by 
AgNPs (50, 100, and 150 μg/kg) than the control 
group revealing an achievable protecting role of 
AgNPs in combination with critical oils [33]. Other 

observations have been reported by Ansari et al. 
(2014) after treating mice with silver nanoparticles 
synthesized using a non-green synthesis method 
(Silver nanoparticles (Sigma Aldrich, USA) with 
the manufacturer stated particle size <100 nm). In 
this way, the enzyme AST decreased with increasing 
dose of silver nanoparticles, but the enzymes ALT 
and ALP increased than the control group [35]. 
In the present study, AgNPs were able to lessen 
alterations in AST, ALT, and ALP. This might be 
because of the attendance of tannins in Myrtus 
communis extract as the effective phytochemical 
components.

Assessment of hematological factors
Fig. 3 represents the mean values of the 

hematological factors (white blood cells; WBCs, 
red blood cells; RBC, hemoglobin; Hb, Lymphs, 
lymphocytes of male mice treated with Ag+, MCLE, 
and MC-AgNPs for 90 days. The results showed 
that treatment with MC-AgNPs resulted in an 
increase in WBCs compared to the control group 
as dose-dependent, which was significant at doses 
of 100 and 200 mg/kg (P <0.0001) and significantly 
lower than the Ag+ group (P <0.01). The results 
showed that treatment with MC-AgNPs caused a 

 

 

 

Fig. 1. The TEM image of MC-AgNPs and the transparent layer of tannin molecules coating 

around the AgNPs (A), model of a hybrid Myrtus communis-silver nanoparticle (B) and inset 

showing the hydrodynamic diameter of MC-AgNPs measured by the dynamic light scattering 

technique. 

 
 
 
 
 
 
 
 
 
  

Fig. 1. The TEM image of MC-AgNPs and the transparent layer of tannin molecules coating around the AgNPs (A), model of a hybrid 
Myrtus communis-silver nanoparticle (B) and inset showing the hydrodynamic diameter of MC-AgNPs measured by the dynamic light 

scattering technique.

www.SID.ir

http://www.SId.ir


Archive of SID

292Nanomed Res J 5(3): 288-297, Summer  2020

Sh. Tavakoli et al. / Protective role of modified silver nanoparticles 
 
 
(A)  

 
 
(B) 

 
 
 
 
 

 
 
(C) 

 
 

Fig. 2. Serum concentrations of AST (A), ALT (B) and ALP (C) in the Myrtus communis-

encapsulated Ag nanoparticles‒ / Ag+‒treated and control mice (n = 6). All values are expressed 

as mean ± standard deviation. P < 0.05 (*), P < 0.01 (**), P < 0.001 (***), P < 0.0001 (****). 

 

 

 

 

 

 

Fig. 2. Serum concentrations of AST (A), ALT (B) and ALP (C) in the Myrtus communis-encapsulated Ag nanoparticles‒ / Ag+‒treated 
and control mice (n = 6). All values are expressed as mean ± standard deviation. P < 0.05 (*), P < 0.01 (**), P < 0.001 (***), P < 0.0001 

(****).
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slight increase in lymphocytes when compared to 
the control group, which was itself lower than the 
Ag+ group. In comparison with the control group, 
in the group treated with silver nanoparticles, a 
decrease in platelet count was observed as dose-
dependent. However, the number of lymphocytes 
in the control group was higher than the Ag+ group. 
More importantly, treatment with MC-AgNPs 
increased RBCs and Hb compared to the control 
group and the Ag+ group, which is different with 
the results reported by the Israa et al. (2019) after 
treating mice with synthesized silver nanoparticles 
using a non-green synthesis method that were 

spherical in the range of 17-51 nm [5].
Overall, a comparison of our results with those 

reported by Israa et al (2019), suggests that the 
enclosure of silver nanoparticles in the middle 
of the coating of tannin molecules (Fig. 1B) can 
prevent the release of silver ions and may reduce 
the toxic activity of silver nanoparticles. On the 
other hand, the hybrid tannin-silver nanoparticles 
were stable. Importantly, the zeta potential of 
the nanoparticles used to be decided to be ‒42.5 
mV, so they are incredibly anionic [36], and may 
additionally be regarded as totally non-toxic [37].
Histopathology: photomicrographs analysis

(A) 

  

(B) 

  
Fig. 3. Hematological factors of male mice treated with Ag+, MC-AgNPs and MCLE (90 days); mean value ± standard deviation of 

white blood cells (A), lymphocytes (B), platelets (C), red blood cells (D), hemoglobin (E).
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Fig. 3. Hematological factors of male mice treated with Ag+, MC-AgNPs and MCLE (90 days); 

mean value ± standard deviation of white blood cells (A), lymphocytes (B), platelets (C), red 

blood cells (D), hemoglobin (E). 

 

 

 

 

 

 

 

Fig. 3. Hematological factors of male mice treated with Ag+, MC-AgNPs and MCLE (90 days); mean value ± standard deviation of white 
blood cells (A), lymphocytes (B), platelets (C), red blood cells (D), hemoglobin (E).
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