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ABSTRACT

Background: Titanium dioxide nanoparticles are widely used in the sunscreens,
toothpastes, and cosmetic products that the human use daily. Previous reports
have proved that the impact of nanomaterials on brain activity is not negligible,
especially for the people working in nanomaterials manufacturing factories. We
are using titanium dioxide in our daily life in cosmetics, food industry and many
other pharmaceutical products. So to keep a check on the threat what these
chemicals may cause, we conducted a research to study effect of titanium
dioxide nanoparticles on rat brain. This research gave us an insight of the
possible threats it can cause to brain.

Methods: The effects of titanium dioxide nanoparticles on brain activity were
reported. Our studies showed that titanium dioxide nanoparticles have a
differential tendency towards neurons. To insight the possible effect on titanium
dioxide nanoparticles on neurobehaviour we conducted a conditioned avoidance
response study using shuttle box analysis. In the study we administered the drug
titanium dioxide nanoparticles prenatally and observed its effects by
neurobehaviour studies in progenies of wistar rat.

Results: In the results we observed that titanium dioxide nanoparticles have
caused a decreased learning and memory behaviours as compared to control
groups.

Conclusions: We studied the neurobehaviour of progenies, when the drug was
administered to rat brain prenatally. The results showed that the titanium
dioxide nanoparticles particles have decreased the brain activity of the rat brain
by showing decreased brain activity in progenies also.

Keywords: Conditioned avoidance response, Brain damage, Neurotoxicity,
Nanoparticles, Neurogenesis

INTRODUCTION

Titanium dioxide nanoparticles are widely used in all
industries they can directly enter the hippocampal region
of our brain by entering through the olfactory bulb. Direct
exposure to nanoparticles, it has increased threat to
human health as nanoparticles are being used currently in
pharmaceutical products, cosmetics, food industries.*

Such wide use as well as potential entry through various

ingestion, dermal and inhalational routes suggest that
nano particles of titanium dioxide nanoparticles could

www.ijbcp.com

pose a threat to humans, animals and other species.?
Various researches has shown that the inhaled and
injected nanoparticles enter our body circulation and then
migrates to organs and tissues causing severe damage.>*
Recent research has pointed out that titanium dioxide
nanoparticles is also toxic to ecological species and
mammals.®

Titanium dioxide nanoparticles

Nanotechnology is sciences that involves synthesis of
particles in nano size range and has a growing application
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in medicine, biotechnology, food industries.® The term
nanoparticles (NPs) is used to define particles size less
than 100 nm in diameter. NPs are generally termed as
combustion-derived or manufactured NPs e.g., titanium
dioxide nanoparticles. Titanium dioxide nanoparticles is
also being used in a variety of consumer products (e.g.
cosmetics, toothpastes, sunscreens, food products), in the
environmental decontamination of air, soil, water and in
paints and surface coatings.®>*!° Various studies have
reported that the nano-size particles, we inhale mostly
enters the systemic circulation and then migrate to
various organs and tissues where they accumulate and
damage organ systems that are sensitive to oxidative
stress (0S).™ As the studies show that as the size of
nanoparticles decreases the toxicity ratio increases.** The
excess O, arising from the oxidative stress can diffuse
from the plasma membrane and damage the DNA,
proteins, lipids of surrounding cells, especially neurons.*®
As we know that titanium dioxide nanoparticles is
chemically inert but titanium dioxide nanoparticles can
cause negative health effects such as respiratory tract
cancer in rats.*

Oxidative stress

Oxidative stress may induce DNA damage, lysosomal
activation and autophagy, which may also represent a
feedback mechanism to limit ROS-mediated cell
activation by removing oxidatively damaged molecules
and cell structure.™

Neurogenesis

Neurogenesis is the process by which neurons are
generated. It is most active during the pre-natal
development for growth of brain. In old times it was
believed that the neurons do not replicate but now the
researchers have proved that two areas of brain the
dentate gyrus of hippocampal formation and sub
ventricular zone and its projections to olfactory bulb,
which can generate new neurons.’® In mammalian
species, neurogenesis prevails lifetime in the sub
ventricular zone of the lateral ventricle and sub granular
zone of hippocampus dentate gyrus.*”*®° The brain
regions contain neural progenitor cells (NPC) which have
capability to produce new neurons.?

Neurotoxicity

Neurotoxicology is the study of the harmful effects of
biological, chemical and physical agents on the nervous
system.”? Many commonly used substances are
neurotoxic, including ethanol, lead, mercury, lead and
some pesticides. The symptoms appear immediately after
exposure to the neurotoxins which include headache,
obsessive behaviours, weakness, loss of memory,
vision.”® Titanium dioxide nanoparticles have three
structural isoforms rutile, brookite and anatase. The
anatase form of brookite was reported to be toxic that the
rutile form.*

Applications of titanium dioxide nanoparticles
UV protection and opacity

One of the unique property of titanium dioxide
nanoparticles is their increased ability to disperse light
thus making it an essential ingredient of sunscreen and
cosmetics thus protecting skin against UV light of
sun.”*#*2” The large portion of nanotised titanium dioxide
particles is majorly used in sunscreens and cosmetic
products. Whereas titanium dioxide nanoparticles are
good opacifiers and are used in coatings and paintings.?

Antimicrobial applications

The pure titanium dioxide nanoparticles or titanium
dioxide nanoparticles doped with other materials like iron
or silver exhibits antimicrobial properties. The excellent
photo catalytic antimicrobial activity of titanium dioxide
nanoparticles has increased their use in wall/glass
coatings thus creating self-cleaning surfaces.?

Healthcare applications

The titanium dioxide nanoparticles are being used in
healthcare industry. The titanium dioxide nanoparticles
applied on bandages have shown increased blood clotting
rates by forming increased blood clots.*® A platinum
titanium dioxide nanoparticles nanocomposite has been
shown to be effective in the treatment of cancer cells.*

Summary of toxicology

Nanoparticles can easily cross the blood brain barrier and
enter the CNS of exposed of animals.** Recently some
studies have shown that inhaled nanoparticles easily
reach brain and cause its neurodegenration.” In the brain
inflammation, apoptosis, oxidative stress is produced by
nanoparticles thus releasing mediators from astrocyte and
microglia. Neurodegeneration or neurotoxicity depends
on the production of toxic or anti toxic mediators (anti-
inflammatory cytokines, neutrophils).” The toxic effects
of substances are easily measured in terms of acute,
chronic, sub-acute, sub-chronic or chronic exposure
conditions. The Acute toxicity information for titanium
dioxide nanoparticles is currently very little. The smaller
particles of titanium dioxide nanoparticles are more likely
to cause cancer than the larger particles. The titanium
dioxide nanoparticles dust is carcinogenic in nature. It is
classified by the international agency for research on
cancer (IARC) as a Group 2B carcinogen (titanium
dioxide in 2006. These particles are mainly carcinogenic
to humans. There is a little evidence that the rare disease
of yellow nail syndrome may be caused by titanium,
either by consuming various foods or implantations for
medical reasons. The exposure to titanium dioxide
nanoparticles can occur through manufacturing or by use.
Titanium dioxide nanoparticles can be encountered
through suspensions, emulsions, aerosols. The major
routes of exposure to titanium dioxide nanoparticles is
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through dermal and inhalational exposure which have
toxicological effects. The potential risk of exposure to
these particles is at the workplace to human lungs. Such
exposure can be greatly reduced by providing proper
ventilation systems at workplace and thus reduces health
risks. To the workers the exposure is possible through the
handling and weighing. A study has shown that the
occupational exposure at the workplaces in Korea at a
manufacturing unit is high due to handling, bagging,
mixing, over-cleaning, transferring thus high levels
beyond the established limits of titanium dioxide
nanoparticles was observed.

Experimental design

Viehicle narmal salive. Sbcatsasemly
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A=Gestational day, B=Post natal day

Figure 1: Shows the experimental designed for the
research where A represents the dosing performed on
the pregnant wistar rat used as model for research
and neurobehaviour is studied on pups born after
14 days of birth.

The objective of the study to investigate the effect of
titanium dioxide nanoparticles on neurobehaviour of pups
born (group B=postnatal) using CAR by injecting
titanium  dioxide nanoparticles prenatally (group
A=prenatal).

The material used was titanium dioxide nanoparticles
from Sigma Aldrich (USA) and the equipment used for
the activity was shuttle box apparatus by Columbus
instruments

Animals

Tweleve adult female albino rats of wistar strain of body
weight 200-250 g were taken from Pranveer Singh
Institute of Technology, Kanpur, India. Animal breeding
colony approved by animal ethical committee and were
used throughout experiment. These animals were kept in
stainless steel and plastic polypropylene cages under the
standard conditions with 12 hours of light and dark cycle
and a temperature of 25+2°C. The animals were at ad
libitum access to drinking water and pellet diet. The
animal care ethical committee approved all experimental
protocols applied to the animals.

Animal dosing

Table 1: Table shows the dosing schedule performed
on wistar rat where control column shows the drug
administered as well as the dosing duration and
treated group column shows the drug administered
and duration of dosing.

Duration of
Groups Treatment Treatment
Daily for 15
Control Normal saline consecutive days
subcutanoeusly from A7-A21
days.
0.4 ml titanium dioxide  Daily for the
nanoparticles (Img/ml)  same duration
Treated body weight from A7-A21
subcutaneously days.

A=Gestational day, B=Post natal day
METHODS

In order to understand the effect of titanium dioxide
nanoparticles on neurobehavioral parameters such as
shuttle box were carried out in pups born after the dose
was administered to the pregnant wistar rats. Conditioned
avoidance response (CAR) the brain capacity of animals
(post natal) was measured by a two way apparatus known
as shuttle box apparatus (Columbus instruments). The
method published is a psychological test for learning and
memory in rats.*’ The suttle box consists of two
chambers partitioned by acrylic sheets and connected
through a 10 cm x 6 cm passage in it. At one time the
shock could be delivered to one chamber through grid
floor (intensity according to body weight), thus other
chamber remains as shock proof. In each activity the
buzzer was blown which served as a source of
conditioned stimulus then followed by shock (0.5 mA up
to 10 s) that served as a unconditioned stimulus. The
activity of 8 rats from each group was assessed. The rats
of both groups control and treated were kept one by one
in one chamber 15 trials/day, repeated up to few days.
The activity was continued until 90% CAR in control
group was obtained so as to draw a comparison between
control and treated groups. When the retention and
learning ability was recorded up to 90% CAR then a
comparison was drawn between the treated and control
groups for the same day. The percentage of CAR was
considered as a measure for the brain ability between the
treated and control groups for interpretation of learning
and memory. For checking the memory from learning
process the animals were kept for 7 days and the CAR
measured in both groups, then % memory in treated
groups was calculated and compared to control.

RESULTS
Conditioned avoidance response (CAR): titanium dioxide

nanoparticles caused a major decrease in the learning and
memory in the animals born after dosing pregnant wistar
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rats as compared to the pups of control group of rats. The
learning and memory ability of titanium dioxide
nanoparticles treated rats was assessed using shuttle box
apparatus by conditioned avoidance response method. It is
a psycho pharmacological test for memory learning in
rats. The treated and control group animals were trained
and tested for a duration of 4 days in the shuttle box
followed by shock and buzzer. Then the learning of
animals moving to the other non-shock chamber was
recorded. Similarly the results of memory assessment
were recorded after seven days after training. Thus the
results for learning and memory were summarised as
percentage learning and memory which suggested a
decrease in learning and memory in titanium dioxide
nanoparticles treated rats as compared to the control

group.

Memory (TiO2
Treated) _
Memory( Control)
Learning(TiO2treated)
Learning (Control)
—
0 50 100

Percentage (%) conditioned avoidance response.

Figure 2: Graph shows the percentage decrease in
memory and learning of treated animals as compared
to control group when CAR performed
postnatlly on pups.

DISCUSSION

In previous studies it has been clearly proved that
titanium dioxide nanoparticles cause toxicity in other
forms also. As one study conducted by Ran Liu et al
proved that TiO, nanoparticles causes pulmonary toxicity
where the particles size and dose exposure played an
important role.®

Some researchers have also stated the need to carry out
the work for checking the toxicities caused by titanium
dioxide nanoparticles affecting postnatal and prenatal
developments. They clearly state the need for studying the
biological status such as pregnancy and placental barriers
which we performed through our research work.*

When the results were studied, we concluded that after
administering titanium dioxide nanoparticles the post
natal neurobehavioral activities of the mice decreased as
compared to the normal treated mice which were
administered saline. Hence we can conclude that the
titanium dioxide nanoparticle which is being used in the
daily needs is posing a threat to the neural health and
decreasing the brain activities.

CONCLUSION

The research performed clearly showed that when the
drug titatnium dioxide nanoparticles were given
prenatally then the pups showed a decrease in
neurobehavioural activity as compared to the control
group. The neurobehaviour of wistar rats was affected
when titatnium dioxide nanoparticles were given
subcutaneously
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