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Summary

The objectives of this study were to investigate toxico-pathological
effect of nanoparticles of titanium dioxide, silica, and nickel oxide in
various doses on brain, liver, kidney, lung and heart of pregnant mice and
their embryos. Nanoparticles were administered on the 7" day of
pregnaney onward till the 18" pregnancy day. One hundred and twenty
mice were used and randomly divided into three identical experimental
groups. Titanium dioxide nanoparticles (<25nm, 3500, 4500, 5500 mg/kg
b.w.orlly), silica nanoparticles (12 nm, 90, 104, 172 mg/kg b.w.
intraperitoneally), nickel oxide nanoparticles (<50nm, 1, 10, 20
mg/kgb.w. intraperitoneally). Additionally, 30 mice were used as control
groups (10 mice for each of the three experimental groups). Standard
gross and microscopic pathological techniques were used to evaluate the

effects.

Mice of the exprerimental groups showed hyperactivity, rapid
movements, excitation, aggrresive behavior, climping inside the cage, and
increased food and water intake. These signs were followed by sluggish
movements, hypoactivity, and isolation. various percentages of abortion
occurred in the experimental groups with the highest percentage (25%) in
the TiO,NPs and SiNPs groups. Additionally, death of some of the mice
occurred at the 15" pregnancy day and premature birth occurred at the

13" pregnancy day in the TIO2NPs group (dose 5500mg/kg b.w.).

Fetal malformations were observed and the highest rate was 70% in
the TiIO2NPs, 85% in the SiNPs, and 75% in the NiONPs groups. They
included head deforminties (Cephalonia, brain vault deformity,
cephalomegaly, canine and  bird  heads, encephalocele,

encephalomyeleocele, anecephalia, encephalomeningocele), cleftlip, ear



and eyes displacements aberrations of the vertebral column, and

malformations of the limbs and tail.

In the titanium dioxide nanoparticles groups of female mice, lesions
that were encountered included degeneration and necrosis of cerebral
cortex (granules and pyramidal cells), irregular arrangement of the
hepatic cords and sinusoids, hepatic necrosis, dilatation of the hepatic
sinusoids, appearance of megakaryocyte, infiltration of inflammatory
mononuclear cells, degeneration and necrosis of epithelial cells lining the
renal tubules, hemorrhages and congestion in the renal interstitial tissue,
increased cellularity of the renal glomeruli, narrowing and closure of the
renal tubules, pulmonary emphysema, dilatation of the bronchioles,
degeneration and necrosis of epithelial cells lining the alveoli,
hypertrophy of smooth muscles in the wall of bronchioles, mild reaction
the bronchiolar associated lymphoid nodules, hemorrhages of interstitial
tissue of the lung, presence of red blood cells and fibrin in the
bronchioles, and mild necrosis of muscle bundles in the myocardium and

infiltration of mononuclear cells around these bundles.

Pregnant mice that were given silica nanoparticles showed edema of
the brain, degeneration and necrosis of granule cells, pyramidal cells, and
neuroglia; disarrangement of hepatic cords and sinusoids, necrosis of
hepatocytes and expansion of sinusoids, dense mononuclear cell
infiltration in the liver, appearance of megakaryocytes; accumulation of
blood cell elements and fibrin in the lumen of the central veins;
hemorrhages between renal tubules, necrosis of renal tubules, expansion
of the renal tubules, increased cellularity of the glomeruli, reduction of
the urinary space, swelling of cells lining the renal tubules and narrowing
of these tubules, separation of glomeruli from Bowman's capsule and

expansion of the urinary space; pulmonary emphysema, hyperplasia of



cells lining the alveoli, presence of brown the black deposits in the
interstitium of the lungs, tissue mass (acinar adenocarcinoma), thickening
of into alveolar septa, hypertrophy of smooth muscles in the wall of
bronchioles, moderate fibrin exudate in the pulmonary tissue, thickening
of blood vessels, hyperplasia of the bronchiolar associated lymphoid

tissue, and hemorrhages in the myocardium.

In the nickel oxide nanoparticles treated group, the lesions included
cerebral edema, degeneration and necrosis of the granule cells, pyramidal
cells, and neuroglia, degeneration and necrosis of purkinje and basket
cells in the cerebellum, degeneration and necrosis of hepatocytes, dilation
of sinusoids; infiltration of inflammatory mononuclear cells and the
presence of megakaryocytes; swelling of epithelial cells lining the renal
tubules, hypercellularity of the glomeruli; narrowing of the urinary space,
necrosis of the glomeruli and the tubules, congestion and hemorrhages in
the renal interstitium, hypertrophy of smooth muscle in the bronchiolar
wall, accumulation of the proteinaceous serous fluid in the alveoli,
hyperplasia of epithelial cells lining the alveoli and the bronchioles; and

the occurrence of vacuoles in the myocardial fibers.

Histopathological lesions were seen in fetuses of the titanium
dioxide nanopartides group and included hypercellularity of the cerebral
cortex and congestion of blood vesseles, congestion and hyperplasia of
the choroid plexus of the 4. Ventricle; disarrangement of hepatic cords
and sinusoids, congestion of central veins and sinusoids; delayed
development of the glomeruli and renal tubules, hypercellularity of the
interstitium, fibrosis of the renal intersititium, congestion of the
pulmonary vessels, hyperplasia of bronchiolar epithelial cells,
accumulation of the blood in the thorax, thickening of the interstitium;

and occurrence of fibromuscular tissue instead of the Muscular tissue of



the myocardium. In the silica nanoparticles group, the lesions were in
complete development of the brain, hypercellularity of the cerebral
cortex; disarrangement of hepatic cords and sinusoids, narrowing and
congestion of the sinusoids; degeneration and necrosis of renal tubules
and renal edema; hypercellularity of the renal intersitium; hyperplasia of
the epithelial cells lining the alveoli and bronchioles, congestion of blood
vessels in the interstitium; presence of fibromuscular tissue instead of

muscular tissue of the myocardium and myocardial hypertrophy.

In the nickel oxide group, the lesions were increased cellularity of
the cerebral cortex, congestion of blood vessels in the cerebrum, cerebral
edema; disarrangement of hepatic cords and sinusoids, dilatation of
sinusoids, presence of megakaryocytes; incomplete development of renal
glomeruli and tubules and thickening of the interstitum, hyperplasia of
tubular epithelium and hypercellularity of glomeruli; hyperplasia of
bronchiolar epithelium, interstitial cells, and cells lining the alveoli;
presence of fibromuscular tissue instead of muscular tissue in the

myocardium.
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