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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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INTRODUCTION
Nowadays, nanotechnology has emerged as 

one of the most promising and effective strategies 
for possible functions in a range of fields including 
biology, the environment, and in particular 
medicine [1-3]. The use of nanomaterials is a 
concern in terms of safety considerations, which is 
much attention [4]. The anti-pathogenic properties 
of silver nanoparticles have made them one of 
the most extensively used products in the field 
of nanotechnology [5, 6]. The shape, size, and 
chemistry of silver nanoparticles in general are 
such that after entering the bloodstream, they can 
cross cell membranes and interact with intracellular 
structures [7]. For example, AgNPs triggered 
alterations in the number of white and red blood 
cells and increased platelet agglomeration in mice 
[8-10]. 

Many studies have focused on the harmfulness 
of AgNPs in vivo through administration of 
AgNPs by means of various courses such inward 
breath, intravenous infusion, or oral gavage; 
however, few studies suggested that the use of 
AgNPs is intraperitoneally. Intraperitoneal course 
of organization no longer exclusively allows for 
shirking of changeability in assimilation from the 
ingestion locales, anyway furthermore speaks to 
a possible presentation course of AgNPs for their 
logical and symptomatic applications. In this 
manner, the (Thusly, the) production of large-scale 
silver nanoparticles and their application in various 
fields emphasizes the importance and need for this 
research [11]; therefore, the study of the toxic effects 
of AgNPs seems to be a fundamental and necessary 
issue. Inflammation in the body is a natural defense 
mechanism against an external substance. When an 
external substance is detected by the body’s immune 
system, the inflammatory waterfall becomes active, 
which may result in inflamed, abnormal/damaged 
cells [12]. Inflammation suggests the interplay of 
nanoparticles with the immune system; in other 
words, it is regarded as an indicator of immune 
toxicity [13]. It has been established that size, form, 
and functionalization of the metallic nanoparticles 
can have an effect on their destiny and mobile 
toxicity, perchance due to altered immunological 
interactions [14, 15].

Therefore, there is a growing need 
for antioxidants, especially the natural 
antioxidants (e.g., polyphenolic compounds and 
phytochemicals) [16]. Polyphenolic compounds 
antioxidant activity is due to several different 

mechanisms, such as quenching free radical, 
chelating iron ion, donating hydrogen atoms and 
activating antioxidant enzymes. The predominant 
protection mechanism of polyphenolic compounds 
is to cancel reactive oxygen species (ROS) 
generation and accordingly keep away from 
oxidative harm formation [17]. Capping ligands 
are used to enhance the surface compatibility of 
AgNPs and lengthen their half-life in circulation 
to shield particles from any damage or clearance 
until they reach their destination [18]. There are 
exclusive sorts of coating layers such as organic 
conjugates (e.g., amino acids and antibodies), 
polymers (e.g., PLGA) and herbal polymers (e.g., 
polyphenolic compounds), which are chosen based 
on their unique functions [19]. Plant extracts are 
one of the most commonly used capping agents for 
AgNPs. Plant extracts additionally improve AgNPs 
stability and biocompatibility each interior and 
outdoor the cells, which make a contribution to 
environmentally friendly and efficient delivery to 
their target sites [20]. The association of tannic acid 
with AgNPs confirmed the apparent improvements 
in damaged liver tissue. The shielding impact of 
tannic acid in opposition to the toxicity of AgNPs 
may be because of its antioxidant features and 
scavenging competencies towards reactive free 
radicals [21]. Among the various polyphenolic 
compounds, hydrolyzable tannins have shown 
stronger antioxidant activity than flavonoids and 
phenolic acids [22], and they can be considered as a 
very suitable potential antioxidant for preparation 
and stabilization of silver nanoparticles. Therefore, 
tannin-rich plant extracts might be capable of 
preventing the toxicity of iron-mediated Fenton 
reaction and reactive oxygen species (ROS) 
generation. Myrtus communis methanolic leaf extract 
(MCLE), with 80% hydrolyzable tannins content, 
was used to produce the silver nanoparticles used 
in the study [23, 24]. Myrtus communis has been 
used as a medicinal herb for different purposes 
such as peptic ulcer, inflammation, diarrhea, 
hemorrhoid, skin, and pulmonary sicknesses [25]. 
The use of the plant has been considered not only 
for the synthesis of silver nanoparticles but also for 
the prevention of oxidative stress-related disorders 
caused by nanoparticles.

Given the attainable oxidative consequences of 
AgNPs, this paper aimed to check out the feasible 
poisonous impact of hybrid AgNPs (nano Ag + 
tannin molecules) following 90 days frequent 
intraperitoneal injection on, hematological, 
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biochemical factors and histopathological 
alterations in mice’s liver.

MATERIALS AND METHODS  
Substances used                                                                                                          

The substances used in this find out about 
had been from an analytical classification with a 
high purity proportion and did no longer require 
re-purification for use. Silver nitrate and sodium 
hydroxide were acquired from Merck Company 
(Darmstadt, Germany). Distilled deionized water 
used to be organized by means of Ultrapure™ water 
purification equipment of model Millipore SAS 
67120 (Millipore Inc., Molsheim, France). Other 
chemical substances used in the experiment have 
been in terms of analytical grade or at the best 
possible grade on the market.

Bio-synthesis of the silver nanoparticles
Silver nanoparticles were synthesized in the 

same way as in our previous work [26]. Briefly, to 
the AgNO3 solution (40mM), a clear solution of the 
extract (4x10‒3 gL‒1, PH=10) with a volume equal to 
the volume of silver salt solution was added drop 
by drop under lightless conditions (200rpm, 65 ºC, 
20 min). Then, the purified pellets were dried via a 
vacuum freeze dryer for 24h and used for further 
studies.

The hydrodynamic diameter of spherical MC-
AgNPs measured by the dynamic light scattering 
technique was 142 nm (Core-Shell structure; 
core= nano Ag = 30 nm (TEM) and sell= tannin 
biomolecules = 112 nm), which corresponds to the 
effective size of nanoparticles in drug delivery (50-
200 nm), (Fig. 1), [27-29]. 

In vivo experimental procedure of treating with the 
nanoparticles

All manipulations of the animals were carried 
out according to the Mazandaran Medical 
University’s Animal Experimental Ethical 
Committee guidelines of Laboratory Animal 
Research Center (Iran, approval no. 911, 2012).

The mice were organized into six trial groups 
(6 mice per group), with intraperitoneal injection 
based on the following: group 1—control (normal 
saline), group 2—Ag+ (2 mg per kg per day), group 
3—MC-AgNPs (50 mg per kg per day), group 4—
MC-AgNPs (100 mg per kg per day), group 5—MC-
AgNPs (200 mg per kg per day), group 6—MCLE 
(200 mg per kg per day) groups. Infusions were 
performed five a week for 3 subsequent months. 

All animals were euthanized via diethyl ether 
after 3 months (end of the trial time frame), and 
the blood was obtained from heart using a 27 gauge 
needle. The serum of samples was collected for 
measuring the serum (AST, ALT, and ALP) levels. 
Livers of each group were expelled and stored in 
supported formalin (10%) for histopathological 
assessment [30].

Evaluation of hematological parameters
The blood samples taken in tubes were used for 

estimation of hematological parameters using an 
automated hematology analyzer (ABX Pentra XL 
80, France) following the routine procedures.

Histopathological examination of the mice liver via 
haematoxylin & eosin staining

Histological examination was performed at 
“Avicenna” hospital (Iran, Sari). The fixed liver 
tissues were embedded in paraffin wax and 5 mm 
thickness segments have been cut. The slides were 
organized with the aid of staining approach with 
the assist of hematoxylin and eosin for histological 
testing [31, 32]. The marked tissue slices were 
surveyed underneath a light microscope (Lx 400, 
Labomed, California, USA).

Statistical analysis
Data have been analyzed through Prism software 

program (GraphPad, model 8.0.2 (263), USA). 
All of the information with typically disbursed 
are introduced as the mean ± standard deviation 
(m ± SD). One-way evaluation of variance and 
Tukey exams has been used. Statistically significant 
variations have been well-known as P < 0.05.

RESULTS AND DISCUSSION
Sub-chronic toxicity assessment (three months)

In this part, the possible outcomes of MC-
AgNPs on the hepatotoxicity of exposed mice are 
investigated by histopathological assessment based 
on liver enzyme levels and tissue inflammation 
compared to control mice.

Assessment of changes in liver functional enzymes at 
serum level

The liver is an effector in opposition to 
inflammation prompted by means of silver 
nanoparticles that inspires irregularities in liver 
function by imposing modifications on the level of 
functional liver enzymes [33]. 

Alterations in liver function were evaluated by 
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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.
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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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Histopathology of H&E-stained liver sections 
exhibited the normal architecture of hepatic 
lobules in the control group. Each lobule consists 
of a main vein in the center and radially dispersed 
hepatocytes (Fig. 4A). Examination of the liver 
sections of the animals treated with Ag+ revealed 
the presence of necrotic liver cells and the structure 
of the disintegrated liver lobule. At the same 
time, proliferation of fibrous tissues, bile duct 
proliferation, and widespread portal and peritoneal 
inflammation were detected in liver tissue. 
Furthermore, the manifest fatty degeneracy of liver 
cells and diffuse lymphocytes has been observed 
inside the lobules and severe inflammation was 
observed in the portal and per portal spaces (Fig. 
4B). Three months of exposure did not show any 
visible impact on liver cyto-architecture in the low-
dose silver nanoparticle receptor group and had a 
very similar control structure. Nevertheless, some 
lymphocytes were detected inside the lobules. Mild 
inflammation was seen in the port space (Fig. 4C). In 
groups 4 and 5, mild and moderate inflammation were 
observed in port and pre-portal space, respectively 
(Fig. 4D, E). In the group treated with the plant extract 
only, the lobular structure of the liver was normal and 
no inflammation was seen (Fig. 4F).

CONCLUSION 
To sum up, in vivo and intraperitoneally 

exposure to the silver nanoparticles synthesized 
the use of Myrtus communis was once in a 
position to limit the damaging outcomes of silver 
nanoparticles on liver feature to shield wholesome 
tissues and decrease the toxicity of AgNPs. Our 
findings confirm the use of tannin compounds as a 
preventative agent to synthesize silver nanoparticles 
to decrease its toxicity.

Histopathological findings suggest only minor 
changes after 90 days of treatment that are consistent 
with the blood and biochemical profiles of laboratory 
mice, indicating that AgNPs can be safe even for long-
term use in a therapeutic period if hybridized with 
active biomolecules. The consequences endorsed 
that AgNPs should be properly tolerated in mice 
when given intraperitoneally at noticeably high-
dose (200 mg kg‒1) with no mortality. According 
to our results, the longtime intraperitoneal contact 
of AgNPs displayed little poisonous or unfavorable 
fitness results in mice. The presence of tannin 
molecules along with AgNPs could make the 
difference and reduce the toxicity of these hybrid 
nanoparticles (nano Ag + biomolecule) despite a 
longer treatment period.

 

 

Fig. 4. Liver histopathology (×400). Liver sections of: (A) control group mice liver; treated with 

(B) Ag+ (2 mg per kg per day); (C) MC-AgNPs (50 mg per kg per day); (D) MC-AgNPs (100 

mg per kg per day); (E) MC-AgNPs (200 mg per kg per day); (F) MCLE (200 mg per kg per 

day), (90 days). 

 

 

Fig. 4. Liver histopathology (400). Liver sections of: (A) control group mice liver; treated with (B) Ag+ (2 mg per kg per day); (C) MC-
AgNPs (50 mg per kg per day); (D) MC-AgNPs (100 mg per kg per day); (E) MC-AgNPs (200 mg per kg per day); (F) MCLE (200 mg 

per kg per day), (90 days).
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