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Supplementation with flavonoids plays a distinctive role in the protection against various chemicals as it 
has several health benefits. Nano-rich diesel exhaust particles (NRDEPs) contain more harmful 
chemical agents which have mutagenic, carcinogenic and/or teratogenic effects. So, the present study 
aims to evaluate the protective roles of quercetin against embryotoxicity of NRDEPs in albino rat 
fetuses. NRDEPs were characterized by transmission electron microscope, inductively coupled plasma 
atomic emission spectrometry and energy-dispersive X-ray spectrum. Forty pregnant rats were divided 
into four groups (10/each), first (control) group which received normal saline, dams of the second group 
received 100 mg/kg of quercetin, the third group received 20 mg/kg of NRDEPs and the fourth group 
received 100 mg/ kg of quercetin two hours before NRDEPs exposure. All dams received their 
corresponding doses during the gestation period. The dams were undergone caesarean section at the 
end of gestation and their fetuses were removed from the uterus and evaluated for mortality rate, growth 
parameters, morphological and skeletal malformations together with histological study of placenta, brain 
and liver. The chemical analysis of NRDEPs revealed the presence of nanoparticles (30 to 60 nm), 
carbon nanotubes and a wide range of heavy metals as Al, Fe, Mn, Cu, Pb, Zn, Cr, V, Ba and Ni. Our 
results indicated that quercetin reduces the mortality rate, alleviates the growth retardation and 
suppresses the placenta, brain and liver histological lesions induced NRDEPs. In conclusion, quercetin 
may be useful in combating embryotoxic effects and tissue injury caused by NRDEPs without side 
effects. 
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INTRODUCTION 

The air pollution induced by nano-sized 
particulate matter that has adverse health effects 
(Araujo et al., 2008) as the exposure to these 
chemicals takes place every time a person 
especially pregnant woman breathes airborne 
particulate matter. Nano-rich diesel exhaust 
particles (NRDEPs) are usually the major 

combustion-derived nanoparticles in urban 
outdoor and indoor air pollution (Yoshida et al., 
2010). In fact, the developing mammalian fetuses 
are highly susceptible to chemicals and 
nanoparticles exposure as compared to the adult 
(Barouki et al., 2012). Studies in humans 
displayed that the exposure to air pollution during 
pregnancy influences gestational development 
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and fetal health (Maisonet et al., 2001) that are 
suspected to induce lasting adverse effects in the 
early development and later in the postnatal life 
(Lanari et al., 2015; Perera et al., 2009). Prenatal 
exposure to air pollutants causes low birth weight 
(LBW) and intrauterine growth restriction (IUGR) 
which can occur because of placental structural 
and functional changes with an insufficient 
maternal-fetal vascular interface, which plays an 
essential role in supplying the fetus with 
bioenergetics requirements (de Melo et al., 2015). 
Since nano-rich diesel exhaust particles exhibit 
undesirable harmful effects on the fetuses during 
the very sensitive pregnancy period (Valentino et 
al., 2016), the potential effects of NRDEPs 
exposures to the pregnant women are of interest 
to society and regulatory agencies. On the other 
hand, the best solution to alleviate developmental 
toxicity, pathological changes oxidative stress and 
inflammation effects is to use some neutral, safe 
and available antioxidants and/or anti-
inflammatory compounds. Quercetin also has 
various protective and ameliorative functions 
including, metal chelator, free radical’s scavenger, 
anti-inflammatory and may be capable to prevent 
oxidative stress, cell injury and apoptosis (Jeong 
et al., 2012), so the suppressive roles of quercetin 
against the developmental toxicity induced by 
nano-rich diesel exhaust particles should be 
investigated at this critical period of pregnancy. 
Consequently, the present aim was to divulge the 
association between the developmental toxicity of 
NRDEPs on albino rat fetuses in hand and the 
protective effect of quercetin on the other hand. 
 
MATERIALS AND METHODS 

Chemicals used 
The NRDEPs were obtained from the 

Egyptian Transport Network. Quercetin 
(2,3′,4′,5,7-pentahydroxyflavone), other chemicals 
were obtained from Sigma Chemical Company 
(U.S.A.). 

Characterisation of nano-rich diesel exhaust 
particles: 

Inductively coupled plasma atomic emission 
spectrometry analysis: 

Nano-rich diesel exhaust particles were put in 
Teflon crucible, then 3 ml of perchloric acid, 5 ml 
of nitric acid and 15 ml of hydrofluoric acid were 
added. All crucibles were covered and put on hot 
plate until complete digestion, then covers were 
detached to evaporate silica tetra fluoride till 

complete evaporation, 5 ml HCl was added in 
order to dissolve the residual part after digestion 
till dry, finally 50 ml HCl (1:1) was added for 
complete dissolving (Boumans, 1987). A series of 
working standards covering the range 0.5 mg/L to 
10 mg/L were prepared from certified references 
materials Agilent multi-element stock standard 
solution (10000 mg/L) then standards, blanks and 
samples were analyzed together and a calibration 
curve of concentration (mg/L) versus intensity was 
prepared every 10 samples to check for 
instrument accuracy. The measurement was done 
by inductively coupled plasma emission 
spectrometer (720-ICP-OES-Agilent 
Technologies). The ICP-OES operating conditions 
were well optimized and carefully selected in 
order to maximize the sensitivity for the desired 
elements and to obtain the best precision and 
accuracy. The operating conditions are 
summarized in Table (1). Each element was 
measured at specific atomic lines (nm) that give 
the best sensitivity and then the intensity of this 
emission is indicative of the concentration of the 
element within the samples. 

 
Table (1): Conditions and description of the 

ICP – OES instrument: 
 

RF Power (KW) 1.2 
Rinse  

time (sec) 
10 

Nebulizers 
pressure (KPa) 

200 
Replicates  

(times) 
3 

Plasma gas flow 
rate (l /min) 

15 
Replicate  

read time (sec) 
1 

Auxiliary gas 
flow rate (l /min) 

1.5 
Pump  

rate (rpm) 
15 

Sample uptake 
delay (sec) 

30 
Instrument 

 Stabilization 
 delay (sec) 

15 

 
X-ray diffraction: 

The structure analysis of the nano-rich diesel 
exhaust particles was done using a  (XPERT – 
PRO – PANalytical – Netherland) XRD meter 
using Cu K-Alpha1[Å]: 1.54060, K-
Alpha2[Å]:1.54443, K-Beta[Å]: 1.39225 and  K-A2 
/ K-A1 Ratio: 0.50000. 

Transmission electron microscope: 
The morphological analysis of nano-rich 

diesel exhaust particles was done by high 
resolution transmission electron microscope (HR-
TEM, Tecnai G20, FEI), for crystal structure 
revelation, imaging and elemental analysis. Two 
different modes of imaging were employed; the 
bright field at electron accelerating voltage 200 kV 
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using lanthanum hexaboride (LaB6) electron 
source gun and the diffraction pattern imaging. 
Eagle CCD camera with (4k*4k) image resolution 
was used to acquire and collect transmitted 
electron images. TEM Imaging & Analysis (TIA) 
software was used to spectrum acquisition and 
analysis of EDX peaks (Dewaele et al., 2010). 

Experimental protocol 
This experiment was carried out according to 

the standard procedures laid down by the 
Organization for Economic Cooperation and 
Development (OECD) guidelines 414 (OECD, 
2001) for testing chemicals and prenatal 
development. The standard guidelines of The 
Institutional Animal Care and Use Committee 
(IACUC) were implemented in handling the 
animals (approval number is CU.I.S.74.17). Forty 
pregnant albino rats (Rattus norvegicus) were 
randomly divided into four experimental groups as 
follows: control group: dams received normal 
saline, QUE group: received 100 mg/kg quercetin, 
NRDEPs group: received 20 mg/kg of NRDEPs 
with intra-tracheal instillation, NRDEPs + QUE 
group: received 100 mg/ kg quercetin two hours 
prior to the intra-tracheal instillation of 20 mg/kg 
NRDEPs. 

Developmental observations: 
During this experiment, the animals were 

observed every day for any symptoms of toxicity 
and weighed twice per week. At the 20th day of 
gestation, all dams were sacrificed and total 
implantation sites, fetal mortality, growth 
parameters and morphological malformations 
were recorded. The lips and palate were 
examined for cleft lip and palate by gentle opening 
the fetal mouth using a pair of forceps. The head 
was examined to identify any malformations in the 
eyes, ears and jaws. The morphology of limbs 
was examined for the position, size, shape and an 
abnormal number of digits.  

Skeletal examination: 
Fetuses were well-preserved in 95% ethanol 

and stained with double staining of fetal skeletons 
for cartilage (blue) and bone (red) according to the 
method described by (Menegola et al., 2001). 
Fetuses were stained with Alcian blue solution 
and treated with a relatively weak solution of 
potassium hydroxide which renders the muscles 
transparent then stained with Alizarin red solution. 
After staining, the specimens were kept in 
glycerin. The skeleton was examined under the 

dissecting binocular microscope to study any 
skeletal malformations. 

Sampling and Histopathological examination 
By the end of the study course, the dams 

were anesthetized, received caesarean section 
and then specimens of liver and brain were 
immediately removed from fetuses, washed with 
saline, dried and fixed in neutral buffered formalin. 
Washing was done in tap water then serial 
dilutions of alcohol (methyl, ethyl and absolute 
ethyl) were used for dehydration. Specimens were 
cleared in xylene and embedded in paraffin at 56 
degree in a hot air oven for twenty four hours. 
Paraffin bees wax tissue blocks were prepared for 
sectioning at 4 microns thickness by slidge 
microtome. The obtained tissue sections were 
collected on glass slides, deparaffinised, and 
stained by hematoxylin & eosin stain for 
examination through the light electric microscope 
(Suvarna et al., 2018). 

Statistical analysis  
Data are presented as mean ± standard error 

of mean (SEM). Differences between groups were 
achieved by the analysis of variance (ANOVA) 
followed by Tukey's multiple comparison post hoc 
analysis. Significance was set at probability P ≤ 
0.05 using IBM SPSS version 22 software 
package (SPSS, IBM, Chicago, IL, USA). 
 
RESULTS  

Elemental composition analysis of nano-rich 
diesel exhaust particles (NRDEPs) by inductively 
coupled plasma atomic emission spectrometry 
identified Aluminum, Iron, Manganese, Copper, 
Lead, Zinc, Chromium, Vanadium, Barium and 
Nickel (Table 2). 

 
Table 2: Inductively coupled plasma atomic 
emission spectrometry of NRDEPs. 

Elements Ppm Elements Ppm 

    

Al 10100 Zn 920 

Fe 160000 Cr 100 

Mn 360 V 20 

Cu 90 Ba 170 

Pb 110 Ni 50 

The morphological and structural analysis of 
NRDEPs by transmission electron microscope 
revealed the presence of nanoparticles of size 
between 30 and 60 nm and carbon nanotubes 
(Figure 1). From the EDX spectrum of the 
NRDEPs, it can be seen that the sample contains 
Magnesium, Aluminum, Sulphur, Silicon, Iron, and 
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Calcium in addition to Carbon and Oxygen (Figure 
2) 

As shown in figure (3) that the XRD spectrum 
of the NRDEPs displays a broadened π band 
round 25.16° that relates to E2g mode of graphite 
because of sp2 bonded carbon atoms as well as 
the ordered carbon nanotubes (CNTs) in this 
sample. The peak round 42.65° is owing 
hexagonal lattice of multiwalled CNTs. This point 
to that the carbon nanoparticles (CNPs) formed 
are composed of crystalline graphitic carbon. All 
diffraction peaks, are at the angles 2θ of 25.16o, 
42.7o, 43.9o, 53.5o and 77.5o and indexed to the 
(002) (100), (101), (004) and (110) reflections 
(Osorio et al., 2008; Zhang et al., 2002). 

Maternal observation 
During this experiment, no death was 

observed in the pregnant dams in any of the 
experimental groups. The maternal weight gain in 
NRDEPs and QUE + NRDEPs groups exhibited a 
significant decrease (p < 0.05) recording 41.08 
and 17.3% respectively when compared with 
control. However, animals pretreated with 
quercetin (100 mg/kg) showed a significant 
increase (P < 0.05) in the maternal weight gain in 
comparison with the NRDEPs group Table (3). 

Weight of uterus and fetal mortality 
The uterine weight in both NRDEPs and QUE 

+ NRDEPs groups showed a significant decrease 
(p < 0.05) recording 44.3 and 25.34% respectively 
as compared to control one. On comparing the 
mean uterine weight of dams in QUE + NRDEPs 
group with NRDEPs group showed a clear 
significant increase (p < 0.05). The uterus of 
pregnant albino rats among control, QUE and 
QUE + NRDEPs groups revealed a symmetrical 
distribution of fetuses in the two uterine horns 
conversely, the uterus of pregnant albino rats 
exposed to NRDEPs showed a resorption site 
(blue arrow) and an asymmetrical distribution of 
fetuses (Fig. 4).  

Regarding the total mortality rate of fetuses 
maternally administrated with NRDEPs was 
5.68%. Meanwhile, for the QUE + NRDEPs group 
the mortality rate decreased to 2.2% (Table 3). 

Weight of the placenta 
The mean weight of placenta exhibited a 

significant decrease (p < 0.05) in the NRDEPs 
and QUE + NRDEPs groups recorded 39.9 and 
24.9% respectively in comparison with the 
untreated group. There was no significant 
difference in placenta weight between QUE and 

control groups. While the mean placental weight 
of dams in QUE+NRDEPs group exhibited a 
significant increase (p<0.05) when compared with 
the NRDEPs group as shown in Table (3). 

Growth Retardation 
During this experiment, the growth retardation 

was characterized by a decrease in fetal body 
weight and body length. The mean fetal body 
weight in NRDEPs and QUE + NRDEPs groups 
revealed a significant decrease (p<0.05) recording 
41.9 and 24% respectively as compared to the 
control group.  However, quercetin did not induce 
any significant difference in fetal body weight. On 
the other hand in the QUE + NRDEPs group the 
fetal weight showed a significant increase 
(p<0.05) when compared with the NRDEPs group 
Table (3). The mean fetal body length among 
NRDEPs and QUE + NRDEPs groups revealed a 
significant decrease (p<0.05) recording 45.1 and 
32.3% respectively as compared to the control 
group Table (3). There was no difference in fetal 
body length between QUE and control groups. In 
contrast, the mean fetal body length in the QUE + 
NRDEPs group showed a significant increase 
(p<0.05) when compared with the NRDEPs group. 

Morphological Malformations 
The body of control fetuses on the 20th day of 

gestation appeared straight dorsally. In the head 
region, the eyes are closed with upper and lower 
eyelids, and the external auditory meatus was 
completely invisible, being covered with the fully 
developed ear pinnae. In those fetuses, both 
forelimbs and hind limbs are formed of well-
developed bones. The abdominal region of those 
fetuses is acquiring a cylindrical shape ending 
with the tail. The skin is obviously thickened (Fig. 
5.A). The malformations found in fetuses among 
NRDEPs group were edema, shortness of neck, 
anomalies of limbs, transparency of skin, and 
hematoma (Fig. 5.C, D and E). The hematoma 
was detected in the same fetus in different body 
parts as the head, the neck, the face and the 
abdominal wall (Fig. 5.E). The percentage of 
hematoma among NRDEPs and QUE + NRDEPs 
groups were 15.9 and 3.33% respectively (Table 
4). External anomalies were mainly anomalies of 
limbs indicated by oligodactyly (Table 4). 
Oligodactyly was manifested by partly absence of 
digits, there was no anomaly found among the 
control, QUE and QUE + NRDEPs groups, but for 
the NRDEPs group, the anomaly was low and 
does not exceed 2.27% (Fig. 5.C). 
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Figure 1: HR-TEM images of nano-rich diesel exhaust particles: showed (A) nono sized 
particles and (B) carbon nanotubes. 

 
Figure 2: Energy-dispersive X-ray spectrum of nano-rich diesel exhaust particles. 

 
Figure 3: X-ray diffraction pattern of nano-rich diesel exhaust particles. 
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Table 3: Rat's Pregnancy outcome. 

 

 
Figure 4: Photographs of uterus of pregnant rat on the 20th day of gestation: (A) control 
group; (B) QUE group; (C) NRDEPs group; (D) QUE + NRDEPs group. 

 
Table 4: External alterations in rat fetuses. 

Groups Examined fetuses     
No. 

Hematoma,      
No. (%) 

External anomalies,    
No. (%) 

Control 104 0(0%) 0(0%) 

QUE 96 1(1.04%) 0(0%) 

NRDEPs 88 14(15.9%) 2(2.27%) 

QUE + NRDEPs 90 3(3.33%) 0(0%) 

 

 
Figure 5: Photograph of fetuses on the 20th day of gestation:   (A) control group; (B) QUE 
group; (C,D and E) NRDEPs group; (F) QUE + NRDEPs group.

Condition Control QUE NRDEPs NRDEPs + QUE 

Dams (No.) 10 10 10 10 

(%) Pregnant 100% 100% 100% 100% 

Maternal weight gain,             
Mean ± SEM 

78.05 ± 2.16 74.5 ± 2.7c,d 45.98 ± 2.9a,b,d 64.57 ±2.5a,b,c 

Weight of gravid uterus,                   
Mean ± SEM 

58.8 ±1.49 56.8 ±2.27c,d 32.8 ± 1.9a,b,d 43.9±.85a,b,c 

Total Implants, No.      Mean ± 
SEM 

10410.4 ± 1.9 96              
9.6 ± 1.7 

93                 
8.8 ± 2.25 

92                    
9.0 ± 1.83 

Live Implants, No.          
 (%) 

104       
 (100%) 

96        
 (100%) 

88      
 (94.62%) 

90          
(97.82%) 

Dead Implants, No. (%) - - 5 (5.68%) 2 (2.2%) 

Placenta weight,     
Mean ± SEM 

0.79 ± 0.01 0.79 ±.007c,d 0.48 ± .008a,b,d 0.60 ± .019a,b,c 

Fetal weight,              
Mean ± SEM 

4.29 ± 0.05 4.1 ±.037c,d 2.49 ± 0.07a,b,d 3.26 ± 0.05a,b,c 

Fetal length,             
Mean ± SEM 

5.07 ± 0.03 4.86 ±0.05c,d 2.78 ± 0.07a,b,d 3.43 ± 0.05a,b,c 
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Skeletal Abnormalities 
On the 20th day of gestation, the cleared 

cartilage and bone preparations of normal rat 
fetuses have designated that in all parts of the 
axial skeleton skull, vertebrae, ribs and 
appendicular skeleton, both chondrification and 
ossification processes have been obviously 
completed. The cartilaginous parts of the skull 
included the proximal part of the nasal, the 
tympanic, squamosal and supra occipital regions. 
In the vertebral column, the proximal ends of the 
transverse processes and vertebral arches have 
cartilaginous ends. Also, two thirds of the caudal 
vertebrae and sternal portions of the ribs 
appeared cartilaginous. These cases are well 
illustrated among control, QUE and QUE + 
NRDEPs fetuses (Fig. 6.A, B, D) respectively. 
There was a delayed ossification of the skeletal 
system of the fetuses among NRDEPs group, as 
showed in (Fig. 6.C). 

Histopathological finding 
The placenta of normal (control and QUE 

groups) albino rat is formed of two parts, a 
maternal part and a fetal one. The maternal part 
consists of the metrial gland and decidua. The 
decidua basalis was composed of both fibrous 
and cellular elements and it was separated from 
the basal zone (B) by a single layer of giant cells. 
The fetal part consists of the basal zone and 
labyrinth zone (L). The basal zone is comprised of 
spongiotrophoblast cells (ST), trophoblastic giant 
cells and glycogen cells. The labyrinth zone 
contains the maternal sinusoids and the 
trophoblastic septa, which are composed of the 
trilaminar trophoblastic epithelium and fetal 
capillary (Fig. 7 A&B). As shown in (Fig. 7.C) the 
placenta of pregnant dams of the group treated 
with NRDEPs (20 mg/kg) revealed degeneration 
of trophoblasts in the labyrinth zone, a reduction 

in thickness of trophoblastic septa and irregular 
dilatation of maternal sinusoids (thin arrow) and 
poor development of fetal capillary (head arrow). 
The pretreatment with quercetin (100 mg/kg) as a 
protector before administration of NRDEPs (20 
mg/kg) showed a highly effective healing 
represented as a normal appearance of the basal 
zone (B) with normal shape spongiotrophoblasts 
(ST) (Fig. 7.D). The histological examination of 
the fetal brain sections from the control group 
showed a normal histological structure of cerebral 
cortex (CC), and correct shape neurons (N) (Fig. 
7.E), and also the brain section of fetuses in QUE 
group showed a normal organization of cerebral 
cortex and normal structure of neuronal cells (N) 
(Fig. 7.F). However, in the group of fetuses 
(maternally intoxicated with 20 mg/kg NRDEPs) 
displayed a sever accumulation of fibers (F) (Fig. 
7.G). Histological changes in the QUE + NRDEPs 
group were obviously reduced and showed a 
normal histological architecture (Fig. 7.H). The 
sections of the fetal liver of the control and QUE 
groups showed a number of hepatic lobules, each 
one is surrounded by very thin connective tissue 
capsule. The tissue of the lobules is made up of 
radiating cords of cells alternating with sinusoids 
and enclosing minute blood sinusoids. The 
hepatic sinusoids are lined by the undifferentiated 
reticular cells possessing small, darkly stained, 
elongated nuclei, the megakaryocytes, different 
types of blood forming cells as lymphocytes and 
erythroblasts (Fig. 7.I&J). The liver of fetuses 
maternally administrated with NRDEPs showed 
degeneration of hepatocyte (H), cytoplasmic 
vacuole (V) and dilated blood sinusoid (S) (Fig. 
7.K). Histopathological changes in the QUE + 
NRDEPs group were obviously improved and 
revealed a normal histological architecture (Fig. 
7.L). 

 
Fig. 6: Photographs of rat fetuses on 20th of gestation. (Alcian blue & Alizarin red stain): 
(A) Control group; (B) QUE group; (C) NRDEPs group; (D) QUE + NRDEPs group.  
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Figure 7: Photomicrographs of placenta (top), fetal brain (middle) and fetal liver (bottom) 
sections: (A, E and I) control group; (B, F and J); QUE group (C, G and K); NRDEPs group 
(D, H and L); QUE + NRDEPs group. H& E stain. 

 

DISCUSSION 
The present study was designed to 

investigate the efficiency of quercetin to reduce 
the growth retardation, the mortality rate and 
restore the original appearance of liver and brain 
tissues induced by NRDEPs on albino rat fetuses. 
The chemical composition and morphological 
features of NRDEPs sample showed it contains a 
range of metals (Al, Fe, Mn, Cu, Pb, Zn, Cr, V, Ba 
and Ni) and small particles in the nanometer-size 
range (30 - 60 nm) that are typically approximately 
spherical in shape in addition to carbon nanotubes 
(CNTs), fibers and chains were detected and well 
defined. Carbone nanotube formation may be due 
to that diesel combustion is inadvertently fulfilling 
the conditions leading to CNT formation. Heat, 
sources of carbon and a metal catalyst are the 
three essential elements required for nanotubes 
synthesis and also diesel combustion can 
generate CNTs even there is no metal catalyst, 
the presence of Fe in our sample may play a 
significant role in CNTs formation process. These 
were in agreement with the work done by Loxham 
et al., (2013) who reported that NRDEPs have 
high concentrations of Fe and other transition 
metals compared to ambient particulate matter. 
Likewise, Fujitani  et al., (2009) and  Jung et al. 
(2013) who reported that NRDEPs contain a high 
concentration of nanoparticles and carbon 
nanotube and it is likely that Fe may play a role as 
catalysts to form such nanotube and it is possible 

that the source of catalytic metals from 
mechanical wear and/ or metals derived from lube 
oil additives. In our study, the  pregnancy 
outcomes revealed a decrease in the mean 
maternal weight gain and uterine weight with 
normal implantation site numbers this means that 
more fetuses have been resorbed during the 
critical embryonic period and indicate that 
NRDEPs may disrupt the regulation of the critical 
hormones for pregnancy which leads to restrain 
the function of corpora lutea and stimulates the 
function of the adrenal cortex, pointing out a risk 
of pregnancy complication and causing 
intrauterine growth restriction (Li et al., 2013). Our 
results revealed that quercetin was normalized the 
maternal weight gains and uterus weight which 
may be result from its phytoestrogens properties. 
So, quercetin can ameliorate the effect of 
NRDEPs on the essential hormones for 
pregnancy by its capability of binding to estrogen 
receptor to activate the transcription of several 
estrogen-responsive genes (Bowers et al., 2000; 
Kuiper et al., 1998) and stimulate the steroid 
hormone synthesis by up-regulation of 
steroidogenic acute regulatory promoter activity 
and mRNA expression (Chen et al., 2007). In the 
present study, the number of the intrauterine 
resorbed fetuses from dams which administrated 
with NRDEPs and pretreated with 100 mg/kg 
quercetin was significantly reduced as compared 
with NRDEPs group alone. This result indicates 
that quercetin may be able to mitigate the effect of 
NRDEPs that induced pregnancy loss. We also 
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observed that NRDEPs exposure leads to a 
significant decrease in the placenta weight with 
signs of fetal growth retardation which 
accompanied by decreasing maternal blood flow 
throw the placenta to the fetus. Maternal exposure 
to nanoparticles (NPs) gives a rise to the fetal 
dysfunction by two scenarios which are 
nanoparticles that are transferred to the fetus via 
lymph and/or circulation, where they generate 
reactive oxygen species (ROS); and nanoparticles 
induce oxidative stress by generating ROS in the 
mother, which in turn triggers the production of 
inflammatory cytokines that affects the embryo. 
Oxidative stress generated in the embryo is the 
directing factor of nanoparticle-mediated 
developmental toxicity (Sun et al., 2013). Nano-
rich DEPs have been established to be capable of 
generating ROS and hydroxyl radical as well as 
inducing both inflammation and oxidative stress 
(Han et al., 2001; Park et al., 2006). ROS, such as 
superoxide anion radicals (O2

−), hydrogen 
peroxide (H2O2) and hydroxyl radicals (·OH), are 
inevitably generated during aerobic metabolism 
and play important roles in many physiological 
processes, including gamete maturation, 
fertilization and embryo growth (Lopes et al., 
2010). However, some exogenous oxidants, such 
as H2O2, will result in the overproduction of ROS, 
which may induce multiple cellular damages, 
including lipid peroxidation, nuclear DNA strand 
breaks, and mitochondrial alteration, consequently 
disturbing the development of preimplantation 
embryos in vitro (Kitagawa et al., 2004; Zhang et 
al., 2010). Quercetin possesses efficient 
antioxidant activity (Ghosh et al., 2013) and the 
animal experiments suggest that quercetin 
protected the brain, liver, and other tissues 
against oxidative stress induced by ischemia-
reperfusion injury, toxic compounds and other 
factors (Ghosh et al., 2013; Jeong et al., 2012). 
Consistent with our findings, several studies 
showed the NRDEPs could attach and 
accumulate in the walls of the lungs and airways 
and progressively released and delivered by the 
blood or lymphatics to the reproductive organs 
then cross the placenta trophoblasts and taken up 
by the fetuses (Fujitani  et al., 2012; Sugamata et 
al., 2006; Valentino et al., 2016). So, exposure to 
nonfiltered air during pre-pregnancy and 
pregnancy periods lead to morphological changes 
in placenta and decreased fetal weight (Rochae 
Silva et al., 2008). The decrease in the placenta 
and signs of fetal growth retardation may be a 
result of an inflammatory reaction as the NRDEPs 
can potentiate innate immune function by 

increasing the number of cell surface markers and 
boosted levels of serum interleukins in dams, 
which indicates the activation of severe systemic 
inflammatory reaction. This may cause 
chorioamnionitis, placental endothelial injury, 
amnionitis, trophoblast damage and vessel 
thrombus in pregnant rats as an intrauterine 
inflammatory condition, result in failure of the 
placenta as a biological barrier (Liu et al., 2016). 
Also, fetal abnormalities were continually 
associated with abnormal placental development 
combined with a moderate reduction in the size 
suggesting that administration of NRDEPs early in 
gestation might interfere with mechanisms 
important for placental morphogenesis and fetal 
development as well as induce severe 
pathological changes (Andrews et al., 2006). Our 
results demonstrated that quercetin 
supplementation during pregnancy has 
ameliorative roles against the mild growth 
retardation induced by NRDEPs which may be a 
result of its anti-inflammatory characteristic. 
Surprising, the quercetin was significantly reduced 
the morphological changes induced by NRDEPs. 
This protective effect may be due to its 
anticytogenotoxic and antimutagenic properties of 
quercetin which considers as a pleiotropic protein 
kinase enzymes inhibitor (Xingyu et al., 2016). 
Certainly, quercetin was reported as strong anti-
inflammatory substance against different 
inflammatory mediators that can be expressed on 
different cell types, in both human and 
experimental animals. Quercetin proves its ability 
to inhibit a massive panoply of molecular targets 
in the micromolar concentration range, by down-
regulating of various inflammatory pathways (Li et 
al., 2016). Skeletal development in albino rat 
fetuses following maternal exposure to NRDEPs 
showed completely absence or/and reduction in 
ossification degree of fetal skeletal system include 
sternum, hindlimb, forelimb bones and mild 
skeletal deformities occurred. NRDEPs may, 
directly or indirectly, suppress the development of 
the skeletal system. May be due to the highly 
content of metals in NRDEPs especially (Al, Fe, 
Mn, Cu, Pb, Zn, Cr, V, Ba and Ni) which can bind 
to phosphate in the tissues, resulting in a lack of 
phosphate available for bone formation or metals 
are incorporated into the mineral in place of 
calcium. Failure of skeletal ossification also 
seems to be a common effect of metal exposure 
during organogenesis (Tchounwou et al., 2012) by 
its ability to disturb calcium homoeostasis and 
affect the bone mineral density (Prada et al., 
2017). Our results indicated that quercetin 
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suppressed the poor ossification induced by 
NRDEPs and this effect may be mediated by 
antiosteoporotic activity of quercetin which is 
based on the inhibition of osteoclast (Xu et al., 
2012) or as a result of the quercetin constituent 
like flavonoids which can inhibit bone loss (Tsuji et 
al., 2009) and/or quercetin can regulate the 
vitamin D receptor activity and the calcium 
homeostasis genes expression (Inoue et al., 
2010). Our results represent strong evidence that 
maternal exposure to NRDEPs have extensive 
and diffusing pathological effects on fetal tissues 
during pregnancy as congestion blood vessels 
and accumulation of fibers in the brain and 
degenerative changes in the hepatic tissue. This 
effect may be resulted from the 
neuroinflammatory response to air pollution by 
elevating TNFα and interleukins in brain tissues 
with some compensatory mechanisms (Kim et al., 
2014; Tan et al., 2009). These effects might be 
mediated through kupffer cell/ macrophage 
activation via TLR4-dependent 
cytokine/chemokine secretion especially Kupffer 
cell interleukins that then trigger inflammation 
leads to tissue repairing along with tissue 
remodeling and fibrosis (Kim et al., 2014). 
Quercetin has a role in diminishing the 
histopathological signs of acute inflammation in 
the treated animals. Quercetin has the ability to 
suppress leucocyte recruitment, decrease 
chemokine levels (Dong et al., 2014) as well as 
inhibit the systemic release and proinflammatory 
function of both early and late cytokines. The 
ameliorative effect of quercetin in fibrotic tissues 
may be due to the ability of quercetin to inhibit 
hepatic stellate cell activation (Wu et al., 2017). 

CONCLUSION 
In conclusion, our outcomes indicate the 

important role of quercetin to reverse the 
embryotoxicity induced by NRDEPs, may be the 
quercetin has a suppressive role against oxidative 
stress induced by nano-rich diesel exhaust 
particles which considered mainly the first caused 
for teratogenicity. 
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