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Abstract

Background: Recently, the green synthesis of metal nanoparticles has gained much interest and there is an
increasing demand for various nanoparticles due to their extensive applicability in various areas such as clinical
and medical applications, consumer products, electronics and equipment, catalysis, chemistry, energy and gaining
more importance due to its simplicity, non-toxic an environmental friendly, cost effective, easy process.
Objective: This study investigate an efficient, sustainable route and eco-friendly technique for green synthesis of
titanium nanoparticles using fruits of Tribulus terrestris, for their wide availability and medicinal property, and
to evaluate the toxicity of different doses Ti-NPs on

Wister Rats.

Methods: TiNPs were prepared by the reaction of 0.5M titanium tetrachloride and 20% fruits extract of Tribulus
terrestris (Dirassa). The TiNPs were characterized by x-ray diffraction (XRD),scanning electron microscopy
(SEM), Energy dispersive X-Ray Spectroscopy (EDS), UV-Visible spectroscopy (UV) and tested for their toxicity
on Wister rats .The extracts was prepared and given to rats orally once a day for 8 weeks. Body weight was
measured weekly. Biochemical effects (serology and hematology) and Histopathological studies of liver, kidney,
intestine, brain and heart were performed.

Results: Nanoparticles were characterized. The size of the obtained TiNPs with size 6 nm and the shapes is
homogenous under the preparation conditions. Body weight after 8weeks of treatment of rats with Ti nanoparticles
was significantly higher in treated groups when compared with control animals (p <0.05), the hematology show
significant (P <0.05) decrease in MCHC, MCH and Lymphocytes and increase in neutrophils. ALP and creatinine
was significant (P <0.05) decrease in all treated groups .The results of histopathology examination from various
treatment groups revealed that the damage in high dose and showed less damage and low index of changes in
medium dose and no any change or damage to the vital organs in lower dose.

Key words: Titanium nanoparticles, Toxicity, Dirassa, Titanium, Tribulus terrestris, Green synthesis.

Introduction

Green synthesis the development of this relatively
new and mostly untapped field of research on the
biosynthesis of nanomaterials has been facilitated by
the availability of a variety of methods for the synthesis
of nano- and micro-scaled materials in the natural
environment (Mohanpuriet al., 2008). The demand for
green production of nanoparticles has significantly
increased due to the high costs and toxicity of physical
and chemical approaches. Thus, in an effort to find less
expensive options, scientists have begun utilizing

biological elements/molecules that act as reducing

agents, such as plants and eventually plant extracts. The
bottom-up strategy is used in the biosynthesis method,
which includes either reduction or oxidation reactions.
Microbial ~enzymes' reducing or  antioxidant
capabilities (Jang et al., 2014) or plant phytochemicals'
(Lee et al., 2014) are usually in charge of reducing
metals into their corresponding nanoparticles. The
choice of the solvent medium, environmentally
friendly reducing agent, and nontoxic stabilizing
material is crucial to the success of green synthesis.

Due to the hydrophobicity of capping agents, the bulk
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of synthesis processes (physical and chemical) heavily
rely on organic solvents (Raveendran et al., 2003). But
in green synthesis, the bio extracts typically contain
reducing and stabilizing agents (Nellorea et al., 2012).
Titanium NPs Applications in the biomedical,
industrial, and optical fields are gradually expanding
(Seeger et al., 2009). This is because they are suitable
for biological, industrial, and medical applications due
to their low production costs, high refractive index,
photo-stability in solutions, and anticorrosive qualities
(Fartkhooni et al., 2016).Titanium nanoparticles (NPs)
have a variety of sizes, shapes, chemical compositions,
and crystalline structures with unique properties like
surface functionalization and higher stability that make
them useful in a variety of fields in our daily lives (Li
etal., 2010). Each year, thousands of tons of Ti NPs are
used globally in a variety of commercial applications,
including plastics, paints, cements, and other products.
Recent studies suggested that the majority of the Ti
currently produced will be converted into nano forms
2026 (Galletti, 2016).Ti
nanoparticles are also among the most widely used

by the end of year

nanomaterials in medicine, engineering, agriculture,

personal care, cosmetics, sunscreens, toothpaste,
electronics, clothing, paints, and covers, as well as in
food and imaging (Yang et al, 2017). TiNPs are also
heavily used in nanomedicine, where they are
employed in advanced imaging, nanotherapeutics like
photodynamic therapy, antimicrobial drugs, and skin
care products, as well as the diagnosis and treatment of
diseases (Yuan et al., 2010). Additionally, numerous
researchers have documented the toxic effects of TiO-
NPs on a variety of organs (Zhao et al., 2009). These
NPs could be ingested, inhaled, injected intravenously,
absorbed through the skin, and distributed throughout
the body's vital organs, including the lymph nodes,
brain, lung, liver, and kidney (Shakeel et al.,
2016).These nanomaterials can enter cells and spread
quickly in organs and tissues after injection (Mahdieh
et al., 2016). Additionally, in order to access various
organs and tissues, TiNPs have the capacity to pass

through biological barriers like the blood-brain barrier
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and the blood-placenta barrier (Song et al., 2015).
According to several studies, Ti NPs accumulated in
various organs of experimental animals, primarily the
liver, kidneys, spleen, lymph node, lungs, and heart.
The liver and kidneys also took 15 days to clear out of
the body after administration (Li and Chen, 2011).
Infected female mice treated with TiNPs also showed
signs of renal damage, such as swelling of the renal
glomerulus, as well as hepatocellular degeneration and
spotty necrosis. Recent research by (Chang et al., 2013)
reviewed the presence of nano-Ti was found in various
vital organs, including the liver, kidney, spleen, and
brain, according to 347 reports on the toxicity of
TiNPs. Moreover, the testicular tissue of mice given
treatment. More worries are being voiced about the
potential risk of exposure to TiNPs to human health and
the environment as a result of the increasing number of
applications (Yang et al., 2017). In order to provide
scientific support for the safe application of
nanotechnologies, these concerns must be looked into.
The current work aims to investigate the potential
changes that may be caused by TiNPs on renal tissues
because little, if anything, is known about the toxicity
of TiNPs on the renal tissues.

Tribulus terrestris also known as dirssa in Sudan, has
medicinal and pharmaceutical value due to the
presence of several steroidal saponins, which may
explain its use in the development of muscles, physical
conditioning, and the treatment of certain diseases
(Dinchev et al., 2008). The extract has been shown to
have antihypertensive and vasodilatory properties
(Phillips et al., 2006) and also used for urinary
dysfunction, asthma, and other conditions (Qureshi et
al., 2010).

Studies have revealed that the saponins in the extracts
of Tribulus species had effects on rats with diabetes
that were hypoglycemic and hypolipidemic (EI-
Tantaway and Hassanin, 2007).
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2. Experimental
2.1. Materials
Fresh green and mature fruit of Tribulus terrestriswere
collected from garden plants (Khartoum, Sudan) and
used for preparation of extract. Titanium (V) chloride,
TiCls was purchased from Navi Mumbai, INDIA.

2.2. Animals

Twenty four 3-months old, both sexes Wistar rats, with
average body weight ranged from (120-160) g was
used in this study. They were housed in propylene
cages and were provided bedding with sawdust. The
rats were clinically healthy and housed within the
premises of Faculty of Science and Technology-Al-
Neelain University animal house under standard
husbandry conditions, and drinking water provided ad
libitum. Animals were acclimatized to the
experimental conditions for a period of one week prior
to the commencement of the experiment. Animal
experiments were designed and conducted in
accordance with the guidelines of the Institutional
Animal Ethical Committee.

2.3. Characterization techniques of Titanium
nanoparticles:

Characterization of nanoparticles is the most important
factor to understand and control of nanoparticles
synthesis and applications. The characterization is
performed using a variety of different techniques such
as scanning electron microscopy (SEM),
diffraction (XRD),

Energy dispersive X-Ray Spectroscopy (EDS). These

X-ray
UV-Visible spectroscopy and

techniques are proper to determine of different
parameters such as particle size, shape, crystallinity,
fractal dimensions, pore size and surface area.
Moreover, orientation, intercalation, and dispersion of
nanoparticles could be determined by these techniques.
For instance, the morphology and particle size could be
detected by SEM.UV-Vis spectroscopy is used to
confirm sample formation by showing the Plasmon

resonance.
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3. Methods

3.1. Preparation of fruits extract:

The plant's fruits was washed, dried and extracted with
sterile distilled water. The extract was prepared by
taking 20 g of the plant part material with 100 mL of
deionized water, the mixture was boiling for 1hour in
80c®. The mixture was cooled and this extract is
filtered by whatman no. (1) Filter paper this filtrate
was used as the extract for the preparation of titanium
nanoparticles (TiNPs).

3.2. Preparation of Titanium nanoparticles (Ti

NPs)

Eighty ml of Tribulus terrestris fruits extract was added
to 80 ml of 0.5 M aqueous TiCL, solution, with stirring
magnetically at room temperature. The mixture of
titanium tetra chloride and leaf extract at the end time
was light yellow, after 1 hour the color was changed to
brown.

The mixture was subjected to shaking on the stirrer for
4 hrs. At the end of reaction time, the mixture color was
creamy. In this process nanoparticles were formed,
after those add ammonia drop to drop to achieve pH of
solution became 7. The nanoparticles were dried at
100°Cfor overnight and calcined at 450°Cfor 3 hours.

3.3. Experimental design

Twenty four adult Wistar rats were divided randomly
to 4 groups, each of 6 rats. Group 1 continued to be fed
the normal diet and served as control. Groups 2,3 and 4
were given Titanium T. terrestris fruits nanoparticles at
50,150 and 300 mg/kg /day orally, respectively. All rats
received their designated experimental oral doses for 4
weeks. Initial and final body weight and body weight
gain for each group were recorded at the first day of
experimental dosing every weeks until the end of
experiment. Blood samples were collected at slaughter.
At necropsy, all rats were examined to identify gross
lesions and specimens of the live, kidney and
intestinewere fixed in 10% neutral buffered formalin
and processed for histopathology

3.4. Hematological analysis

Blood samples were collected in dry test tubes

containing anticoagulant EDTA (Ethylene diamine
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tetra acetic acid) for determination of hemoglobin
concentration (Hb), packed cell volume (PCV), red
blood cells (RBC) counts, white blood cell (WBC), and
differential WBC counts, mean corpuscular volume
(MCV), mean corpuscular hemoglobin (MCH), and
mean corpuscular hemoglobin concentration (MCHC),
and the measuring techniques were performed

according to an automated heamatology analyzer.

3.5. Serobiochemical analysis

Blood sample were collectedat slaughter in plain container
and allowed to clot and sera were separated by
centrifugation at 3000 r.p.m for 5 min and stored at -20C
until analyzedfor the activities of serum aspartate
transaminase (AST), serum alanine transaminase (ALT)
(ALP) and for

concentration of total protein, albumin, globulin, bilirubin,

and serum alkaline phosphatase
urea and creatinine. The following methods for enzyme
activity of control and tested rats were performed according
to the instructions in the manual of Roche Diagnosis

Hitachi 902 Analyzer.

3.6. Histological examination

For histological analysis, Necropsy was conducted and
all rats were examined to identify gross lesion.
Specimens of the liver, Kidney, and small intestines
were collected, immediately fixed in 10% formalin,
embedded in paraffin wax. Subsequently, sectioned at
Spm thick with microtome and stained with
haematoxylin and eosin (H&E) using Harris’s

hemalum. Staining was performed at room temperature

and tissues were observed under a light microscope.

3.7. Statistical analysis

The results were examined by independent Sample’s
t-test using SPSS software (Statistical Package for the
Social Sciences, version 20 , SPSS Inc, Chicago,
Illinois, USA). All results were shown as means +
standard deviation (SD) and a p<0.05 was determined

as statistically significant (Snedecor, 1989).
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4. Result

4.1. Characterization of the Ti- Dirassa NPs under
different conditions

UV-Vis Spectroscopy

UV-Vis min 1240 spectrometer was used to record the
absorption spectrum of TiO; in range from 280nm to
350nm as shown in fig (1), the maximum value of
absorption of pure TiO, 1.134 (a.u) wile for TiO, with
plant equal 1.008 (a.u) at 300 nm for both samples
corresponding to photon energy 4.133 eV, the
absorption edge was also calculated using Urbach’s
equation at wavelength 324 nm with energy band gap
3.8 eV, it was observed that TiO, increase the
absorption value of plant extraction.
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Fig (1): UV-Vis Spectroscopy of synthesized Ti
nanoparticles (a) Titanium dioxide nanoparticles (b)
Titanium Tribulus terrestris fruit nanoparticles
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XRD Characterization

The XRD analysis was done to confirm the crystalline
nature and particle size of the biologically synthesized
TiO, NPS using T. terrestris fruit extract plant, (Fig.2)
represent the XRD pattern of TiO,. The formation of
titanium dioxide nanoparticles. The formation of TiO-
was confirm with tetragonal body-centered structure
with diffraction angels 25.27°, 37.96° 48.07°, 53.7°, 55
0, 62.7 °,75.3 ° at planes (101, 004, 200, 105, 211, 204,
215) respectively, the particle size was calculated using

scherrer’s equation as follow

_ 092
" Bcosb

Where D is particle size, A is wavelength of X-ray
(1.546 A), B is full width at half maximum and 0 is
diffraction angle, the particle size of properad TiO,
equal 6.6 nm and this size is suitable for bio

applications.
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Fig (2): X-ray diffraction pattern of green synthesized
Anatase TiO, NPs.

The SEM and EDX Characterization

The SEM image of TiO, NPs was shown in (fig3). It
clearly that the samples particles have un uniform
shapes with un homogenized surface, EDX result show
that the sample consist of Titanium and oxygen.
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Fig (3): (a) EDS spectrum of green synthesized. (b)
SEM images of green synthesized Ti NPs

4.2. Change in body weight

Body weight and body weight gain of rats given oral
doses of Titanium nanoparticles with Dirassa aqueous
extract at different doses for 8 weeks were presented in
Table 1. After 4 weeks of the experiment there was a
significant increase (P<0.05) and after 8 weeks was a
significant decrease on the body weight of treated
groups (2, 4 and 4) when compared to normal control
(group 1). No death among the rats recorded along the

treatment.
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Table.1. The effect of T. terrestris fruits Titanium nanoparticles (Ti-NPs and aqueous extract of T. terrestris fruits on

body weight (g) in rats for 8 weeks

Body weights gain (g) of rats in grams
Treatment groups Pretreatment Body Post Pretreatment
weight (g) 0 week Body weight gain Body weight gain (g)
(9) After 8 weeks
After 4 weeks
1.  Normal Control 141.8+17.4 75495 50.7£25.5
2. Nanoparticles 50mg/kg (Low Dose) 139.6+6.9 21.0+7.8" 20.0+10.6"
Nanoparticles 100mg/kg (Medium 143.0+11.2 37.0+7.1° 0.7+11.4"
Dose)
4. Nanoparticles 300mg/kg (High Dose) 140.6+5.7 26.0+7.7" 22.6+7.0"

Values are expressed as mean body weight (g) £ S.E. (Standard Error); n=6 rats in each group.*Significant =
(P<0.05) as compared to normal control. (Student’s t test); N° = not significant.

4.3. Hematological analysis

The hematological data after 8 weeks of treatment with
Titanium nanoparticles  are presented in Table 2.
Hematological changes of treated rats with different
doses showed significant decrease in lymphocytes and

increase of neutrophils with (p-value <0.05) in

comparison with untreated group. Also, there was
significant decrease in mean concentration of WBCs
and Hb in group 4 and significant increase in RBCs in
group 3(p-value <0.05), when compared with
untreated group with while other hematological

parameters showed no significant change

Table.2.Hematological changes in rats given TitaniumT. terrestris fruits nanoparticles (TiTt NPs) orally for 8 weeks.

Parameters 1.Control(nor | 2. TiTtNPs(50mg/kg | 3.TiTtNPs(150/kg/da | 4.TiTtNPs(300mg/kg/d
mal diet) /day) y) ay)
Hb (g/dI) 12.2+0.93 11.5+1.62N 12.3+0.93M 10.9+1.86*
RBC (x10°mm?®) 7.08+0.48 8.2+0.83"S 11.1+2.30* 6.10+1.05M
MCV (md) 56.3+0.91 55.7+0.62N 59.0+1.98* 55.7+0.80M
MCH (pg) 17.2+4.0 15.242.46* 14.1+3.05* 17.8+0.20™
MCHC (g/L) 30.6+1.06 27.5+4.50* 24.9+5.80* 31.9+0.46M°
WBC (X10°mm3) 4.56+1.02 4.74+1.03M 5.33+0.82* 3.04+0.38*
Lymphocytes (%) 67.7+4.67 25.15+10.3* 52.0+2.04* 54.4+2.49*
Neutrophils (%) 32.3+4.66 67.0+10.3* 47.9+2.04* 45.6+2.49*

Values are expressed as means = S.E. (Standard Error). (n = 6 rats in each group); NS = not significant;* Significant=

(P<0.05).

4.5. Serobiochemical analysis

Serobiochemical changes for rats given Titanium
nanoparticles for 8 weeks are presented in table 3. After
8 weeks of treatment showed significant decrease in
activity of AST and increase in group 4 than control.
ALT increase in group 2 and decrease in group 4. ALP
increase in group 3 and decrease in group 4.The
concentrations of total protein, Albumin were
significant increase in group 4 and creatinine in all
groups were significant decrease than control in group
(1). While the concentration of Glucose showed
significant decrease in groups 3 and 4 when compared

with control.
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4.4. Histopathological changes

Microscopic examinations after 8 weeks of treatment
of the daily oral doses of TiNPs included the changes
in the liver, kidneys and intestines in group 3. On
microscopy, there was fatty cytoplasmic vaculation of
the hepatocytes (figs 4 and 5). Glomerularchangs, fatty
change, packing, dilation, epithelial cell degeneration
or necrosis of renal tubules in cortex were detected in
rats orally given 300 mg/kg/day of TiNPs Figs.6 and 7.
Showed low index of changes in treated groups
included mild catarrhal enteritis with infiltration of
lymphocytes in the lamina propria fig 8 . These changes
were less marked in group land 2. No lesions were

observed in the heart. These changes were less marked
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in group 2. Control rats (Groupl) showed no significant
lesions. No death among the rats recorded along the
treatment.

Table.3. Changes in serum constituents of rats given TiTtNPs (Titanium T. terrestris fruits nanoparticles) orally for 8
weeks.

Groups

1.Control 2. TiTtNPs 3.TiTtNPs 4. TiTtNPs
Parameters (normal diet) (50mg/kg/d) (150/kg/day) (300mg/kg/day)
ALP (1U) 198.05+35.49 191.8+41.67" 204.2+36.97" 117.8+25.88"
ALT (1U) 36.2146.77 44.28+8.05" 35.80+8.02NS 23.66+5.14"
AST(IU) 163.18+10.04 164.4£17.77N 161.4+10.82N8 123.8+28.41"
Total protein (g/dl) 11.61+0.50 12.13+1.29N8 14.12+0.5NS 3.44+0.70"
Albumin(g/dl) 4.24+0.60 4,14+0.20N 4.39+0.29" 11.08+2.27"
Globulin(g/dl) 7.37+0.50 7.99+1.26NS 9.73+1.13" 9.06+0.57"
Glucose (mg/dl) 74.69+12.28 58.06+11.38NS 64.82+7.07" 49.54+13.76"
Creatinine(mg/dl) 1.08+0.16 0.69+0.03" 0.78+0.05" 0.67+0.14"

Values are expressed as means + S.E. (Standard Error). (n = 6 rats in each group); NS = not significant;*
Significant= (P<0.05) AST; aspartate transaminase, ALT; alanine transaminase, ALP; alkaline phosphatase.

Fig .4. : Liver in a rat receiving oral dose of Titanium nanoparticlesat 300 mg/kg/day for 8 weeks. Showing no lesions
andnormal liver histology, was observed in control (a) Sever cytoplasmic fatty changes of Cytoplasmic hepatocytes(b,c)
showing necrosis of centerlobularhepatocytes. (d) .H&E staining 100 X
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Figure .5.: Shows a comparison of liver damages (a1,2,3) represents liver of normal rat- No changes observed in animals
of the normal control group showing normal hepatic cell. (b123) represents 50 mg/kg/day T. terrestris fruit Titanium
nanoparticles show Slight changes and (c123)rat treated with 150 mg/kg/day T. terrestris fruit Titanium nanoparticles
(G3) show - Cytoplasmic fatty change and Necrosis in central vine for 8 weeks. (H & E) x100
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Fig.6.:Shows a comparison of kidneys of rats received daily oral doses of T. terrestris fruit Titanium nanoparticles for
8 weeks showing, (a) control ,(b) represents 50 mg/kg per day , degeneration and dilatation of renal tubules in
cortex.(ct?) represents 150mg/kg per day — Necrosis, packing and fatty change , (H & E) x100.
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Fig .7. :kidney in a rat receiving oral Titanium nanoparticles300 mg/g/day for 8 weeks. Showing no lesions was
observed in control (a) Sever cytoplasmic fatty vaculation of renal tubules in cortex
(b)degeneration(c)dilatation(d)Change in the glomerular in kidney. H&E staining 100 X.
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Fig.8.:Catarrhal enteritis and Desquamation of the intestinal epithelium and degeneration of the intestinal villi in a rat
receiving oral T. terrestris fruit Titanium nanoparticles at 50(a),150 (b) and 300mg/kg/day, showing mild catarrhal
enteritis and lymphocytic infiltration in intestinal lamina Propria.(c).Control(d) for 8 weeksH&E X100.

5. Discussion
Titanium nanoparticles have been widely used in
Green Ti
characterization white colored

industry and medicine. nanoparticles
titanium  dioxide
nanoparticles were prepared using the extract of T.
terrestris and characterized using UV, XRD, SEM and
EDS.

UV-vis spectral the present study has described the
synthesis of TiO, NPs by the T. terrestris fruit extract
mediated reduction of the aqueous titanium ions.
Formation of TiO, NPs in aqueous solution was
confirmed by using UV-vis spectral analysis. Results
showed that the reduction of titanium ions and the
generation of TiO, NPs were completed after overnight
incubation at room temperature. The formation of

creamy color indicated the reduction of titanium ions.
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The absorption spectra of the TiO, NPs formed in the
solution had absorbance peaks at around (280-350) nm
for the plant extract solution exposed to TiO, (Ambika
and Sundrarajan, 2016) Fig (1).

The XRD analysis was done to confirm the crystalline
nature and particle size of the biologically synthesized
Tio, NPS.XRD patterns of green synthesized TiO,
nanoparticles were observed at 25.27°, 37.96°, 48.07°,
53.88°, 55°, 62.7°and 75.3° can be attributed to the 101,
004, 200, 105, 211, 204, and 215 crystalline Anatase
of

nanoparticles (Fig. 2). These results were confirmed

structures synthesized titanium  dioxide

using Joint Committee on Power Diffraction Standards
(JCPDS) No. 21 1272.
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The calculated crystallite was found to be 6.6 nm for
TiO, nanoparticles. The diffraction peak of the green
synthesized TiO, nanoparticles is comparatively sharp
(Varahalarao and Mohan, 2014). This phytochemical
coating may enhance the stability and the dispersibility
of the nanoparticles, which in turn may enhance their
bioavailability, making them suitable for biological
applications (Hariharan et al., 2017).

SEM and EDS the image was observed with
magnification of 20 um. The TiO, nanoparticles were
observed with irregular particle structure. The size was
6.6 nm nanoparticles. The nanoparticles were dispersed
evenly on the surface with development of aggregate
nanoparticles which revealed that powder particles are
marginally agglomerated showing the view of
spherical nanoparticles (Zahir et al., 2015).

The SEM image of Tio, NPs is shown in (Fig.3b). It
clearly shows that the particles consist of agglomerated
and nearly spherical in shape. Therefore, the previous
researcher reported that this kind of results only comes
in metal oxides (Suresha et al., 2015)

The EDS spectrum image shows the elemental
composition, which is present in the Tio, NPs and is
showed in (Fig.3 a). It displays three strong peaks
which are identified as titanium and oxide molecules
(Dhaneswar et al., 2013).

However, the safety of TiNPs exposure remains
unclear,but it has serious adverse effects including
hematotoxicity and hepatotoxicity in both animals and
humans, the results of the present study indicated that,
titanium is toxic to rats at dosed 300mg/kg/day for 60
days observed that

orally. This pathological

,hematological and biochemical change were
indicative of TiNPs affecting the intestines,kidneys and
small changein brain and these could explain the
change in creatinine and liver enzyme.

Titanium nanomaterials were observed to translocate
into the blood, following oral or intraperitoneal
exposure, and thereafter distribute to secondary targets,
including the

(Johnston et al., 2009)

liver, spleen, lungs, and kidneys
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Treating rats with TiNPs induced a noticeable decrease
in Lymphocytes,neutrophils, MCHC and increase in
WBC and Neutrophils in group 3.

This study demonstrated that liver enzymes ALP, ALT
and AST measured in the serum increased in group 1
and group 2 .An increase in the levels of transaminases
is related to damage of the liver, kidney, heart, and
other tissues in the state of stress influenced by
xenobiotic (Li et al., 2012). Therefore, data presented
here suggest that the liver of rats that treated with
TiNPs, may be damaged, as the liver is a major target
of nanoparticle accumulation. Previous studies also
have indicated that TiNPs administration leads to
aggregation in the vital organs such as, liver, brain,
lung, spleen, and kidney (Gui et al., 2011).

The maintenance of blood glucose homeostasis is
always of primary importance and is required for the
optimum function of the brain and nervous system
(Suhet al., 2007). There is some evidence indicating
that NPs can disrupt glucose metabolism. Shin et
al. (2019) reported that NPs increased reactive oxygen
species (ROS) and caused reduced glucose uptake and
alteration in the glucose metabolic function. Thesis
study agreement with result show in all groups.

The decrease in the number of red blood cells after
exposure to TiooNPs in group3 may be due to the
damage of those red cells and the reduced rate of red
blood cell formation, caused by the deterioration of the
hematopoietic system, resulting in the development of
anemia, followed by hypoxia (Mortensen et al., 2010).
Also, results are disagreement with Abdou et al. (2018)
who reported that, administration of TiNPs (500 mg/kg
bw) orally every other day for 60 days to rats produced
significant elevation in serum urea and creatinine. They

was decrease in creatinine in all groups.

Conclusion:

In totality, the Ti is a toxic substance at high dose and
in lower dose is safe. Due to their benign and stable
nature, these Ti NPs may be well utilized in industrial
and remedial purposes and processes of water pollution

remediation.
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https://analyticalsciencejournals.onlinelibrary.wiley.com/doi/full/10.1002/jat.4318#jat4318-bib-0049
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