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ABSTRACT: The rapid advancement of nanotechnology enables us to use nanoscale particles. This
material in terms of physical, chemical and biological characteristics are unique compared to larger parti-

KEYWORDS

cles. Increased cell division, apoptosis, oxidative stress has been associated with toxic effects of nanoAg NPs

silver. The aim of this study was to evaluate histipotological changes and enzyme activity in nanoparticle

Embryonic development

silver trated pregnant NMRI mice. These experimental were performed on 35 NMRI mice used for treat-

Lactate dehydrogenase

ment with Ag Nps. The average weight of the animals was 30 ± 3 g that divided into five groups of seven

Histological

were injected intraperitoneally. After mentioned treatment, the blood sampling was done of NMRI. The
collected tissues were washed with saline and fixed in Boin΄s fluid and stained with hematoxylin and
eosin for histopathology evaluation. After data collection, statistical analysis was done using SAS software. Histological observations showed that the silver nanoparticles had a major effect on fetal development in each experimental groups compared to the control group. No change of histological characteristics of heart tissues was observed in Ag-nps groups as compared to the control group. Different concentrations of silver nanoparticles increased levels of enzyme lactate dehydrogenase , but no significant differences were observed between control and treated groups (P<0.05). Toxicity of silver nanoparticles
injected intraperitoneally into the experimental groups were evaluated which had unfavorable effects on
embryonic development. So, further investigates are suggested to predict AgNPs toxicity.

INTRODUCTION

nometers [1]. Nanoparticles have specific characteristics

Rapid advancing of Nanotechnology enriches us to use

of physical, chemical and biological as compared to

particles with nano scales in dimensions of 1to 100 na-

larger particles [2]. These physical and chemical proper-
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ties enable them to act as catalysts in biochemical reac-

through producing free radical and stress oxidation

tions and define their biological activities. Among all

mechanism means attacking free radical to tissues [12].

different types of nanoparticles, metal nanoparticles

Nanoparticles can pass from the wall of blood vessels,

including gold and silver are used widespread in differ-

so it can easily insert to embryo under the development

ent aspects of life such as medicinal and industry due to

[13]. Lactate dehydrogenase is the enzymes that at high

its specific biological properties [3]. Zinc is essential for

concentration can be found in liver, heart and skeletal

growth, development, DNA synthesis and other cellular

muscle and the low concentration is in the pancreatic,

processes, and on the other hand, despite the widespread

kidney, stomach and red blood cells. This enzyme is

exploitation of ZnO nanoparticles, growing and produc-

intracellular enzyme and lead to reversible oxidation of

tion of nano-ZnO and its useful applications in biologi-

lactate to pyruvate. Pathological increasing of LDH

cal systems. So far few studies on the toxic effect of

activities is observed in many diseases such as heart,

ZnO nanoparticles on health and the development of

liver, muscle and cancers [14]. Considering the wide-

generation were done.

spread application silver nanoparticles and the value of

Nanosilver, in the form of colloidal silver, has been used

health and human prolonging generation, necessity of

for more than 150 years and registered as a biocidal

precise histological study is essential in different doses

material [4]. One of the applications of silver nanoparti-

of silver nanoparticles on heart and embryonic tissue.

cles due to its antimicrobial properties is for wound

The aim of this study was to evaluate the amount of

dressings and dental tools [5]. Importantly, nanosilver is

change in lactate dehydrogenase enzyme and the effects

a very effective fungicide [6] as well as having antiviral

of silver nanoparticles on embryonic development in

properties [7]. The results showed that silver nanoparti-

pregnant NMRI mice.

cles are able to pass through the gastrointestinal tract
MATERIALS AND METHODS

(GIT), dermal, and lung barriers into the blood, and
thereby become distributed throughout the body [8]. It is

In this experimental study, colloidal silver nanoparticles

well established that the tissue distribution of nanoparti-

with an average diameter of 20 nm were used. Initially,

cles is size dependent [9]. Using nanotechnology has

the concentration of the nanoparticle colloids were pre-

different defects such as other technologies. Therefore

pared using deionized distilled water. Then, in sterile

the safety and the probability of damage should be con-

conditions, a half ml of nanosilver concentrations 50,

sidered. Silver nanoparticles has been reported as the

100, 200 and 400 mg/kg were injected into each mouse.

materials with high toxicity as compared to other mate-

For this purpose, 35 female NMRI mice weighing ap-

rials especially after the systemic uses, the nanoparticles

proximately 30 ± 3 g and aged approximately 8 weeks

is small enough to pass from smallest capillary vessel of

from the Pasteur Institute of Iran (Amol) purchased and

body and biological membranes and be effective on

for two weeks in order to prepare for the examination in

physiology of any cells in body [10]. Researchers

room animals with humidity (70 -50), and adequate la-

showed that the toxicity of these nanoparticles is dose

boratory temperature (23 ± 2°C) and room enough light

and size dependent. The mice that received different

(12 h light, 12 h dark) were maintained. In this experi-

sizes of silver nanoparticles the nanoparticles were cu-

ment, 35 female NMRI mice were divided into five

mulated in liver, spleen, lung, heart, testis and brain

groups including control and four experimental groups.

after injecting of nanoparticles into blood flow [11].

Two days after the first injection and observation of

Nanoparticles can damage organs and different tissues

vaginal plug after mating was considered zero time of
8
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pregnancy. On day 16 of pregnancy, the blood samples

linear model (GLM) procedure in SAS software was

were collected and the mice were killed by cervical dis-

used for the analysis of data. The model included the

location and embryos and heart were isolated, and then

treatment and initial weight of each mouse. Least square

the measurement of fetal and heart weight were per-

means of treatments were used for the comparison of the

formed. For biochemistry analysis, blood samples were

means.

taken from the inner corners of the eyes of mice by usRESULTS AND DISCUSSION

ing of capillary tube. Serum biochemical analysis was
carried out to determine the serum level of total lactate

The proliferation of the nanotechnologies with the pro-

dehydrogenase (Pars Azmoon Lot no, 92006). For

duction of engineered nanoparticles presents a dilemma

measurement of LDH enzymes blood samples were

to regulators regarding hazard identification mostly for

centrifuged at 5000 rpm for 15 min. After separation of

human health. Nanoparticles can be found in environ-

serum samples until the enzymatic measurements were

ment and is widely used in medicinal sciences. Moreo-

frozen and kept at -20oC. Then using of enzymatic kits

ver, its effect and application on cancer cure was report-

from Biochemistry CO. (according to the procedure

ed, but it seems that it could negatively effect on non-

described in the kit purchased from the Pars Azmoon,

cancer cells [15]. Nanoparticles may remain in body for

Co., Iran) and by suggested method of International

long time, so the investigation of its toxicity is necessary

Federation of Clinical Chemistry (IFCC), and using

[16]. IntraProtaneal injection of silver nanoparticles with

Cobas Mira Analyzer, enzymatic assays were per-

concentrations of 50, 100, 200 and 400 mg/kg in preg-

formed. Embryos and heart were placed in Bouin's solu-

nant NMRI mice showed that the embryo weight in ex-

tion for fixation. Tissue samples were embedded in par-

perimental groups significantly decreased (P≤0.05) as

affin and 5 micron sections were prepared and stained

compared to control group (Figure 1). Microscopic ob-

with hematoxylin and eosin (H and E) for histopatholo-

servations showed that silver nanoparticles injected into

gy evaluation. Then for observation of cellular damages,

pregnant NMR mice during pregnancy had created de-

tissue samples were evaluated by a histopathologist by

layed fetal development and organogenesis.

invert microscope. After data collection, Generalized

0.5
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Figure 1. Comparison of 16-day fetal weight in various concentrations of silver nanoparticles with the control group in NMRI mice.
Decreased embryo weight at different concentrations is significant compared to the control group.
A value p ≤0.05 was considered to be statistically significant and results display as Mean±SD
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Macroscopic observation revealed that administration of

embryo. As shown in Figure 2 in concentration of 50

different doses of silver nanoparticles had profound ef-

mg/kg the organs were formed but a little delay was ob-

fects on embryonic development. As shown in Figure 2,

served. In concentration of 100 mg/kg a delay in growth

embryos organs in control group compared with treated

and malformation in organs could be observed. In 200

group are naturally grown and spinal are bones and also

mg/kg the organs grows partially and embryo remained in

fetal weight in the experimental groups compared with the

initial stages. In concentration of 400 mg/kg there was not

control group significantly decreased (Figure 2).

organogenesis and the embryo was in the initial stages

Histology comparison of treatment group with control

that showed pass of silver nanoparticles from the blood-

group in pregnant mice showed that the silver nanoparti-

placenta dam and penetrate to developing embryo and

cles caused that delaying in growth and development of

effects on embryo cells.

50m

100m
Con

200m

400m
g/kg
Figure 2. Transverse sections of the embryos pregnant mice (NMRI) after treatment with different doses of AgNPs.

(A) Normal embryos of NMRI mice as a control (B) experimental group were treated with concentration 50, 100, 200, 400 mg/kg. The sections were
stained with H & E. The magnification was 4×. Comparison of 16-day-old embryos in control group and different concentrations of silver nanoparticles in
NMRI mice demonstrate growth retardation, especially in dose 200 and 400 mg/kg.

The results of the effects of silver nanoparticles on

entering the tissues and organs in the developing em-

zebrafish embryo showed that the silver nanoparticles

bryo cause that oxidative stress through activating

caused disturbances in organogenesis and growth and

caspase routes and affected embryo development.

development of zebrafish embryo. Moreover the silver

Histological study of the heart and LDH enzyme activity

nanoparticles affected the regulatory transcription

The results of this study showed that different concen-

mechanism to form muscle of heart [17]. The iron oxide

trations of silver nanoparticles increases the levels of

nanoparticles have toxicity effects on growth and devel-

enzyme lactate dehydrogenase, but no significant differ-

opment of Balb/c mice [13]. The toxicity effects of na-

ence between control and treated groups was observed

noparticles on oval can affect the ovulation process with

(Figure 3). As shown in Figure 4, no change of histo-

activating caspase routes and producing oxidative stress

pathological examination of heart muscle was observed

[18]. It can be concluded that silver nanoparticles are

between control and treated groups (Figure 4). In recent
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study the effects of silver nanoparticles with diameter of

on hearth tissue, but is in agreement with the activity

20 nanometers was assessed in pregnant NMRI mice.

level of lactate dehydrogenase.

The heart tissue was stained with Hematoxilin and Eosin

Cytotoxicity effects of nanoparticles (Titanium Oxide

to histopathology assessment. There was not any signif-

[TiO2], zinc oxide [ZnO], magnesium oxide [MgO],

icant difference among doses in histopathology studies

silver [Ag] and gold [Au]) on Balb/c mice cells showed

of tissue section of mice heart. Beside, different concen-

that cytotoxicity of all nanoparticles were dose-

trations of silver nanoparticles increase the enzyme level

dependent so that the high cytotoxicitys correlated with

but there was not any significant difference for enzyme

high concentration of nanoparticles. At concentration

activities between the control and treatment groups. This

(1000 g/L) of Ag, Au, TiO2, ZnO and MgO nanoparti-

results in not in agreement with the findings of Naghsh

cles cell death and membrane damage and LDH enzyme

[19] concerning toxicity effects of silver nanoparticles

leakage were observed [20].
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Figure 3. LDH enzyme changes in NMRI mice after 16 days of treatment with different concentrations of silver nanoparticles.
Increase of LDH activity in the experimental groups was not significant compared to the control.
A value P ≤0.05 was considered to be statistically significant and results display as Mean±SD

B

A

Figure 4. Comparison of heart phatological sections pregnant mice (NMRI) after treatment with different doses of Ag NPs.
(A) Normal heart of NMRI mice as a control (B) Experimental group was treated with concentration 400 mg/kg. The sections were stained with H & E
dye. The magnification was 40 × .There was no difference between control and treatment groups.

This difference may be due to the difference in the size

nanoparticles on cell can be affected by different param-

of nanoparticles. Findings indicated that the effects of

eters with the size of nanoparticles have higher im11
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portance. The smaller nanoparticles have more effects
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