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ABSTRACT

This study was aimed to displayed effect of this nanoparticles on pregnant mother and
embryos. All females administration of AgNPs suspension orally during the gestational period
(for 21day) in two doses low 2mg and high dose 20 mg /Kg body weight and the control group
received D.W only. The pregnant females (60 females) include the control group and the
treated group was subdivided in to two groups, pre and post implantation and all the mothers
weighted along the study. The embryos and their brains after retrieved weighted and the
crow-rump length (CRL) measurement also. The results showed that the active form of Ag
can be transport the placental barrier and blood brain barrier (BBB). This nanoparticles
showed adverse effect and produced decreased in mothers weights in low dose 2mg/Kg/ B.Wt
and higher dose 20mg/Kg/ B.Wt. Weights of embryos were lower clearly after exposure to
AgNPs compare to control group. On the other hand, the weights of embryo’s brain were
decreased compare of control group in both doses. The CRL of embryos lowered after
exposure to AgNPs in treatment groups when compare to control group.
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INTRODUCTION

Nanotechnology has commonly developed in
the last decades as new methods for
nanoparticles production and new nanoparticle
properties have been discovered (10).
Nanotechnology used to treatment of material
on atomic and molecular form at 1-100 nm (4).
Different nanomaterials are being used, but the
most common is silver nanoparticles (AgNPs)
(16). Humans can be interacting with these
particles in different ways, such as oral
administration, inhalation, ingestion, injection
or skin contact. Silver nanoparticles (AgNPs)
are largely used for many properties in various
areas such as cosmetics, toothpaste, textiles,
and water purification systems and in the
medical field (20). AgNPs are getting more
and more interest in medical research fields
due to their antimicrobial antifungal properties
(13, 14). They can be used in many medical
applications such as diagnosis of disease,
treatment, drug delivery and medical device
coating. The female culture is mainly
vulnerable and deserves special attention
because toxicity in this group to may affects
both female reproductively and fetal
development. Mouse, rats and other animals’
models have their own unique features and
studies using these models to examine the
potential toxicity of different nanoparticles on
these animals. Several nanoparticles exhibit
harmful effects on female reproductive system
as well as fetal development, and these adverse
effects are related to nanoparticle composition,
surface modification, dose, exposure route and
animal species (23). The nanoparticles can be
reach by systemic route and they can transport
to the brain through the Blood-Brain Barrier
(BBB), following the opening of the tight
junctions by hyper osmotic barrier and
consequently cause damage in brain by some
induction of oxidative stress or inflammatory
responses (12, 1). The BBB is composed of a
single layer of endothelial cells that are joined
by tight junctions and surrounding by
astrocytes and cover the surface area of the
cerebrovascular capillaries, thus separating
circulating blood from extracellular fluid of
the central nervous system (CNS) as (7). The
BBB functions mainly as a protective barrier
for the brain for preventing transition of
various elements, including hormones,
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neurotransmitters neurotoxins or nanoparticles
from the blood stream into the CNS (2). Hong
et al. (2014) reversed standard reproductive/
developmental toxicity endpoints e.g. pre- and
post-implantation loss, number of live and
dead pups, external abnormalities in pups
found no effects. Some of these published
studies suggest a potential for developmental
effects following in uteri AgNPs exposure;
though, further study of post-exposure silver
tissue distribution and potential effects on
embryonic development, preferably using a
consistent experimental design, is more
needed.

MATERIALS AND METHODS
Preparation of silver nanoparticles (AgNPs)
suspension

AgNPs were prepare in this study as a
suspension, it was purchased as grey black
solid powder (purity 99.9%, apparent density:
0.97g /ml, tap density: 2.16 g/ml and CAS
NO.: 7440-22- 4) with an average diameter
between (40-60) nm in diameter by using SPM
device. AgNPs were prepared at a two
concentrations, low concentration (2mg/kg) of
body weight and high concentration (20mg/kg)
of body weight according to (9). The AgNPs
stock solution was prepared by suspending the
calculated weight of AgNPs powder in a
certain volume of deionized distilled water in a
sterile glass universal tube. The suspension
was exposed to the ultrasonication technique
by using ultrasonic water bath for 2-3h in dark
condition and under biological safety Figure

(1).

Fig. 1. AgNPs suspension
Characterization of AgNPs
The spherical shape of silver nanoparticles was
characterized by using scanning probe
microscope (SPM) by granularity
accumulation distribution report, the average
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diameter in sample contain about 260 grain
was (40-60 nm) as the following report in
(Figure 2).

Granulanty Cumudation Distnbution Chart

tage()

Diameter(nm)

Fig. 2. Granularity cumulating distribution
chart
Administration of AgNPs to the female rats
In present study, the AgNPs suspension was
given to the treated groups orally (gavage
route) in a volume of 2 ml of AgNPs daily
during  pregnancy  period by using
polyethylene orogastric tubes (feeding tube)
connected to a syringe in appropriate size. The
dosage was in milligram per kilogram body
weight (mg/Kg/B.wt). D.D.W was used as the
vehicle for AgNPs preparation, while the
control group was given D.D.W only.
Embryos examination
The pregnant female albino rats were fully
anesthetized by diethyl ether for several
minutes. The female weighted before and after
administration, then the pregnant females were
killed to remove the embryos in different
gestation days (GD). Abdominal midline
incision was performed, the two uterine horns
were removed, the embryos were extracted
from the placental sacs, and the extra-
embryonic membranes were then removed,
rinsed in normal saline. All the embryos
weighted and measure the CRL then, the
embryo was examined under the dissecting
microscope to remove the embryos brain
(Figure 3& 4).
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Fig. 3. Embryos in uterus horns, the black
arrow shows embryo inside embryonic sac
in uterus

Fig. 4. The embryos brain

Morphological measurements
embryos
Crown-Rump length (C-R Length mm)
The C-R length is the largest length of the
ventrally curved embryo-based on this length.
The CRL was examined for all retried
embryos (Figure 5).

of the

Fig. 5. CRL of rat embryo
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Statistical analysis

The Statistical Analysis System- SAS (22)
program was used for data analysis. One way
ANOVA and lest significant difference LSD
were used to assess the significant difference
between means and Chi-Square: 2 test was
used to compare the difference between
percentages in this study

RESULTS AND DISCUSSION

In this study, we used many parameters to
detect the effect exposure of AgNPs on mother

and embryos during the pregnancy. The results
showed there is no significant differences
(P>0.05) in mothers weights in pre and post
implantation after exposure to AgNPs in both
doses; while, the results showed decreased in
mothers weights in low dose 2mg/Kg/B.Wt
and higher dose 20mg/Kg/B.Wt of AgNPs in
pre and post implantation was clear compare
with control group (Table 1)

Table 1. Effect of AgNPs on the body weights of mothers (g): pre and post implantation
(Mean = SE) in the albino rats

The Groups Implantation LSD value
Pre | Post
G1: Control 213.71+9529g a 213.71+952¢ga
G2 :2mg AgNPs A 162.07+13.78gb A 17241+1197ga 12.69 NS
G3:20mg AgNPs A 165.31+10.66gb A 167.01+£825gb 9.57 NS
LSD value 17.94 * 15.61*
* (P<0.05), NS: Non-Significant.

Mean with a different capital letter in a same row
significantly different (P<0.05) mean with a different
small letter in the same columns significantly
different (P<0.05)

On the other hand, the results showed a
significant decrease (P<0.05) in embryos
weights after the mothers were exposed to

AgNPs in both doses as compared with the
control group. The embryos weights were
decreased significantly (P<0.05) in pre-
implantation and in post-implantation group in
both doses (Table 2).

Table 2. Effect of AgNPs on embryos weight (g): pre and post implantation (Mean * SE)
The Groups Implantation LSD value
Pre | Post

G1: Control 154+007ga 154+007ga

G2:2mg AgNPs B 1.01+0.04gb A 152+0.08g a 0.473 *

G3:20mg AgNPs B 0.260+£0.02gc A 0.976 £0.03g b 0.369 *

LSD value 0.309 * 0.462 *

* significant differences (P<0.05)

Mean with a different capital letter in a same row
significantly different (P<0.05) mean with a different
small letter in the same columns significantly
different (P<0.05)

The embryos brains were weighted also after
exposure to AgNPs during pregnancy. The
result displayed no significant differences
(P<0.05) in weights of embryos brains in low
dose of AgNPs (2mg)(0.037 NS), while, there
is a significant different (P<0.05) in higher
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dose (20mg) (0.049 *). In both pre-implanted
and post-implanted groups the embryos brains
were decreased compared to control group,
whereas the higher dose (20mg) showed more
effect on the brains weight in pre-implanted
group as there is a significant decrease
(0.051*) in weights of brains compared to
control group (Table 3).
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Table 3. Effect of AgNPs on the weights of embryos brains (g): pre and post implantation (Mean + SE)

The Group Implantation LSD value
Pre | Post
G1: Control 0.16 £ 0.004g a 0.16 £ 0.004g a
G2:2mg AgNPs A0.15 +0.002g a A 0.13+0.003g a 0.037 NS
G3:20mg AgNPs B 0.09 £ 0.002g b A 0.15 £0.004g a 0.049 *
LSD value 0.051 * 0.044 NS
* (P<0.05), NS: Non-Significant.

Different letters mean significant difference at
(P<0.05)

Although, the crow- rump length CRL of all
embryos was measured, it is considered a bio-
indicator of embryonic day during pregnancy
in rats. The CRL was detected for all embryos.
The present results identified a significant
decrease (P<0.05) in CRL of embryos in both

doses compared to control group and the
higher dose was more effect significantly
(P<0.05) than the lower dose of AgNPs,
furthermore; the higher dose was more effect
on the CRL in pre-implanted compare of post-
implanted embryos compare to control group
(Table 4).

Table 4. Effect of AgNPs on embryos (CRL-mm): pre and post implantation (Mean + SE)

The Group Implantation LSD value
Pre | Post
G1: Control 40.05+2.69a 40.05+2.69a
G2:2mgAgNPs B33.17+2.07mmb A38.00+25lmma 4.091 *
G3:20mgAgNPs B 14.00+0.656mmc  A31.26 +1.86mm b 7.336 *
LSD value 5.963 * 4.883 *
* (P<0.05)differed significantly.

In present study, we measured the percentage
of mothers that given embryos (14 mothers in
pre implantation group, 11 mother in post
implantation) compare to mothers that not
gave complete embryos (not given embryos),
(20 mother in pre and 7 in post implantation
group). The results showed that the effect of

AgNPs on pre implantation embryos and
mothers more than the post implantation group
in both low and high dose. In pre implantation
and post implantation group the higher dose 20
mg/kg was more effect on production of
embryos than the low dose 2mg/kg compared
with the control group (Table5).

Table 5. Effect of AgNPs on the number and percentage of embryos: in pre and post
implantation groups

Pre implantation Post implantation Chi-Square:
No. of mother with embryos No. of mother with embryo %2
G1: Control G2 :2mg G3: 20mg G2 :2mg G3:20mg
7 9 5 6 5

(87.50%)  (52.94%) (29.41%) (66.67%) (55.56%0) 10.26**  No. of mother
No. of mother without embryos .

1 8 12 without embryos
(12.50%0) (47.06%6) (70.59%) 3 4 -

No.=8 No.= 17 No.= 17
2= 13.86 % 32 = 1.35NS 72 = 11.52%* (33.33%) (44.44%) 10.26**
No.=9 No.=9
2 =9.74 ** 4.39 *
* = (P<0.05) ,** =(P<0.01), NS=Non-Significant differences

The maternal exposure to AgNPs during
pregnancy period in both doses effect on the
number of embryos. The results showed highly
significant decrease (P<0.01) in the numbers

of the pre-implanted and post-implanted
embryos in both doses compared to control
group. Furthermore the higher dose shows
more effect than the lower dose. (Table 6).

Table 6. Effect of AgNPs on number of embryos: pre and post implantation groups

Pre implantation

Post implantation

No. of all embryos

No. of all embryos

Gl G2 G3 G2 G3
Control 2mgAgNPs 20mgAgNPs 2mg 20mg
42 80 33 32 31

Chi-Square: 32 =11.377 **

** (P<0.01)
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The large size of AgNPs is less reactive in
comparison to small size, small sizes; i.e.
nanoparticles  scale are  predominantly
considered under ROS generator group (21).
The results showed that nanoparticles effects
on the weights of mothers, could be attributed
to these nanoparticles effects on appetite and
nutrients absorption that effect on the
supplemtation of necessary nutrients to
fetuses. Previous researches on animals
demonstrated that AgNPs causes severe
accumulation and damage of Gl system and
hampers absorption with flow of nutrition to
vital sight (24). The different size of AgNPs
extended entrance into the human body mostly
through oral portal route and separated in to
other organ body and effects on weights of
organism. Other study reversed bigger size
AgNPs in colloidal form ingested directly
through food material as medical devices and
drugs causing disturbances of GI tract and
malnutrition syndrome (18). On the other
hand, this study reverse decreased in the
weights of embryos after orally administrated
of AgNPs to pregnant females during the
gestation period. The umbilical cord is mostly
made up of connective tissue well-known as
(Wharton's Jelly) and has relatively few cells.
This cord has one large umbilical vein and two
umbilical arteries. These vessels transport
blood to and from the placenta, where
exchange between the mother and fetus takes
place (21). In the present study, we observed
the maternal and fetal nutrition rate after orally
administration (for 21days) of AgNPs (2 and
20 mg/Kg/ B.Wt) was limited compare of
control group. The influence toxicity of silver
nanoparticles can be transported to the fetus by
placental barrier. So, many animal revisions
have shown that AgNPs can be enter the body
and be transferred to the offspring (14).
Furthermore, other groups demonstrated that
AgNPs accumulate in the fetus through the
placenta (16) and can be accumulate in the
visceral yolk sac of pregnant mice (6). Another
study, they also reported that the AgNPs
concentration in the fetal brain was about
0.0035% of the dose ingested. Those
conclusions that these nanoparticles effects on
fetus and embryos brain and can be effects on
their weights in pre implantation more than the
post implantation when the blood brain barrier
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was not yet complete. This toxicity indicate
that the potential exposure risk for AgNPs in
pregnant women cannot be ignored (28).
Other research showed that after exposure to
AgNPs in pregnant mice, the offspring showed
significant neural behavior changes such as
spatial cognition disorders (27). All these
evidence suggests that AgNPs may have
severe  toxic  effects during neural
differentiation and cause genotoxicity in the
developmental  process and  previous
developmental neurotoxicity in the earliest
stages of embryonic development. The crown-
rump length (CRL) is the measured length of
the embryo in the midsagittal plane from the
head to rump (3). The studies expected CRL
has been reported as a risk factor for adverse
perinatal products such as miscarriage (17),
preterm birth and low birth weight (8).
Therefore, the results showed decreased in
CRL in different embryonic age indicate that
these nanoparticles have toxicity on length and
development of embryos. On the other hand,
the higher dose of AgNPs is more effects on
lengths of embryos, because the reproductive
system of mammals, such as the ovaries and
uterus, reveal periodic growth and reduction,
which is strictly regulated by hormones.
Therefore, dynamic activity and sternly
hormonal control make this system more
sensitive to foreign bodies and physiological
stress compared to other physiological organs,
so the misfortune of female reproduction
certainly leads to abnormal fetal development.
Many environmental chemicals have already
demonstrated detrimental effects on the female
reproductive system and already on embryonic
development (5, 23).In the present study, the
number of mothers (52 mothers) that have
capable to produce embryos also effected by
administration of Ag nanoparticles in low and
high dose. The high dose of AgNPs is more
achieved on production of  embryos in
mothers received 20mg/kg/ body weight, this
could be attributed to the transfer of these
nanoparticles through the placental barrier to
embryos than the low dose that may be
adverse on implantation of embryos; AgNPs in
a low dose have not a complex effect on
implantation of embryos compare of higher
dose. On the other hand, some researchers
showed that the numbers of nonviable fetuses
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was significantly increased in dams treated to
a single oral dose of 10 mg/kg/B.Wt AgNPs
compared with the higher doses. This could
be due to facilitation of aggregation AgNPs at
higher concentration in gut and preventing
internalization via the gastrointestinal tract and
so reducing fetotoxicity at higher doses (19).
The number of embryos that produce during
pregnancy period also affected by dose of
administration, the higher dose was more
harmful effects on mothers and embryos.
AgNPs may effect on implantation and already
on number of embryos that embedded in
uterus. Silver nanoparticles can be transport
through the placental barrier during the
embryogenesis after implantation and make
adverse effect on number of implanted
embryos and may be make reabsorption of
embryos and reduced number of embryos in
higher dose (46 embryos) compare of low dose
(112 embryos). Other research investigates
whether orally induce colloidal AgNPs reach
after crossing mother mouse blood placental
barrier and induce adverse effects in fetuses
from treated group, and the research indicates
bigger size nanosilver are able to reach to fetus
after crossing the pregnant mouse blood
placental barrier and portovenous circulation
causing hamper of mother and fetus nutrition
by obstruction of micro and macro channels
(21). Other study displayed that acute
intravenous exposure to AgNPs during late
stages of pregnancy will increase vascular
tissue contractility, potentially contributing to
alterations in fetal growth (26). So, these
nanoparticles may cause uterus contraction
and lead to reabsorptions of embryos in pre or
after implantation occur. Orally administration
of silver nanoparticles AgNPs by using two
concentration (2, 20 mg/kg/B.wt) can be
transported to many vital organs such as brain
during the embryological development and can
be effects on mothers and embryos when given
during the pregnancy period
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