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ABSTRACT

Introduction: Titanium dioxide (TiO2) is used abundantly as a white pigment with many
applications, food coloring agents, additives, tooth whitening paste, pharmaceutical
preparations, painting materials, and sunscreen creams. Objectives: The present study aimed
to explore the possible toxicological effects of orally administered TiO2. Methodology: Twenty
male albino rats were given food-grade TiO2 in a dose of 20 mg/kg BW via oral gavage at 1
mL daily volume for 120 consecutive days. 20 male rats were used as a control group. Liver
enzymes (AST, ALT, and ALP), renal function (urea and creatinine), creatine kinase activity
(CK-MB isoenzyme), and serum levels of troponin were measured at the end of the study for
each rat. Histopathological analysis of cardiac, hepatic, renal, and gastrointestinal tissue
sections was also performed for both groups. Results: Increased CK-MB, cardiac Troponin,
ALT, ALP, and urea serum levels in TiO2 treated groups were recorded. Histopathological
examination showed focal fibrosis of cardiac tissue. Hepatic sections showed inflammation and
fat deposits. Gastrointestinal wall inflammations with blunting of the villi all over the small
intestine, active inflammation of the colon and kidney tissues in the renal pelvis were found.

Conclusion: Prolonged daily oral administration of food-grade TiO2 can induce
cardiovascular, hepatic, intestinal, and renal adverse effects.
Keywords: Titanium dioxide, Organ toxicity, Food Additives.

BACKGROUND

Since 1916, massive consumption of
titanium dioxide (TiOz), similarly referred
to in the European Union as E 171, has been
recorded (Jovanovi¢, 2015). Since they
have a nanoscale, they have been
introduced into many commercial food
industries. The upper limit intake of TiO;
announced by the U.S. government is 1%
by weight in food products (Musial et al.,
2020). The average adult intake of E171 is
estimated to be from 0.2 to 2 mg per
kilogram boy weight (Jovanovi¢, 2015),
while children ingest approximately 32.4
mg/kg. The high exposure level in children
is a result of Titanium dioxide being the
main component of candy and sweets
(Weir et al., 2012). In general, individuals

take E171 orally as a white color added to
many industrial food items (gums, candies,
dairy products, kinds of toothpaste, and
processed foods. Thus, resulting in an
enormous intake of E171(Chazelas et al.,
2020).

We are exposed to many environmental
and  engineered  titanium  dioxide
nanoparticles (NPs) every day by
inhalation, and ingestion. Its toxicity has
been widely researched and investigated for
possible threats to human health
(Baranowska-wojcik et al., 2020). Studies
have reported that the gastrointestinal tract
is constantly exposed to TiO2 in the diet,
studies have shown that TiO2 can settle in
various tissue like liver, Kkidney, spleen,
lung, heart, and brain (Jia et al., 2017).
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Most studies have shown toxicity of
TiO, NPs after acute and chronic
administration for up to 90 days (Shi et al.,
2013). Yet, few studies have explored the
possible toxicological effects on the health
effects of orally administered food additive
TiO. (E171) after daily regular exposure.

To obtain a comprehensive awareness
of whether oral consumption of food-grade
TiO2 in experimental studies can cause
harmful  effects at human-relevant
concentrations, the present research was
therefore designed to administrate rats E171
orally daily for 120 days in the highest dose
prescribed for rats.

Since most of the animals dosed with
high levels of TiO2> NPs reported adverse
effects in the liver, heart, kidney, and
intestines, we focused on these organs in
terms of morphological, biochemical, and
structural changes.

METHODS
I.  Animals and experimental design

In the 200-230 gm weight range, forty
adult male albino rats aged three weeks old
were used. The animals were gathered,
housed in special cages and maintained in
regular laboratory conditions, and fed a
standard balanced diet and water ad libitum.
Rats were randomized into treated and
control groups (20 male rats for each
group).

In ultra-pure water, titanium dioxide
was dispersed and sonicated for 15 minutes.
The suspension was vortexed daily to
achieve a homogenized suspension. The
intragastric doses were chosen for children
based on oral exposure to TiO.. It was
calculated that the average daily dose was
around 1-2 mg of TiO; per kilogram of boy
weight. The daily oral dose of TiO2, NPs
was estimated at 0.5 mg/kg since about 36
percent of food-grade TiO- are in the nano-
size (Weiretal., 2012). Inthis analysis, we
used a 100-fold safety factor when

measuring the exposure dose to take
account of inter-species observation. Thus,
20 mg/kg BW was chosen to represent the
highest dose prescribed in rats, 40 times the
dose of the postulated exposure amongst
children.

TiO, suspension (20 mg/kg BW) was
given to rats through oral gavage at 1 mL
daily volume for 120 days. Death rates have
been reported and documented constantly
for up to 120 days for the full period of
exposure. Every week, the bodyweight of
rats was measured. All Animals were
weighed, anesthetized, and sacrificed after
120 days. From the retro-orbital venous
plexus sample, blood samples were
obtained. The serum was extracted for 10
minutes by vertexing blood at 3000 rpm.

I1.  Chemicals

A commercial food-grade E171 TiO>
C.l. 77891 (99% purity) produced by
Kamena of Egypt was purchased from an
Industrial region distributer. Biochemical
Assays

= Liver enzymes

Aspartate  Aminotransferase (AST),
Alanine Aminotransferase (ALT), and
alkaline phosphatase (ALP) liver enzymes
assay kits were purchased from Spectrum-
Diagnostics - Colorimetric kit, made in
Germany. According to the methods of
Young (1958) , Belfield and Ellis (1970).

= Cardiac muscle creatine-kinase and
Troponin.

The activity of the creatine kinase
cardiac MB isoenzyme (CK-MB) and
serum levels of troponin was measured
using a commercialized CK-MB Liquiform
kit (Labtest, Brazil) following the
manufacturer’s instructions (Medeiros et
al., 2009 and Silverio et al, 2012).

= kidney function tests.

Urea and creatinine were measured
using kits of German Hitachi (Hitachi
Automatic Analyzer, Roche).
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Table (1): Body weight and biochemical assay results of rats after120 days of TiO; intake

Control group Experimental group Significance
(Mean +SD) Mean +SD

Body weight 225.2+5.27 198.8+10.59 0.328
CK-MB (U/L) 150.50+ 25.008 423.60+ 190.365 0.006**
Troponin 53.20+ 10.727 194.10+ 193.204 0.001***
AST (U/L) 98.96+6.34 109.35+14.75 0.102
ALT(U/L) 31.67+2.35 41.56+5.15 0.04*
ALP (U/L) 112.62+ 6.5 118.01+12.6 0.006**
Urea (mg/dl) 22.43£3.766 25.56£1.991 0.048*
Creatinine (mg/dl) 0.707+0.192 0.874+0.105 0.159

Significant difference compared to the control group (*p< 0.05, **p< 0.01, p< 0.001). CK-MB: Creatine
kinase-MB, AST: Aspartate Aminotransferase ALT: Alanine Aminotransferase ALP: Alkaline
Phosphatase

I1l.  Histopathological Examination

Histopathological preparation of tissue
sections was performed using standard
techniques. Paraffin blocks of tissues were
prepared  after  fixation in  10%
paraformaldehyde solution. Slices of 5mm
thickness were cut and stained with
hematoxylin-eosin (HE). Masson trichrome
stain was used to demonstrate fibrosis.

V. Statistics

Analysis was done using SPSS version
16.0. Data were expressed as means + SD.
The independent sample t-test was used to
compare the experimental group and the
control group. A p-value less than 0.05 was
statistically significant.

Ethical considerations:

The research  experiment  was
conducted after approval of the ethics
committee according to the Guidelines of
the National Institute of Health for Animal
Care followed (ILAR, 2011).

RESULTS

Mortality and body weight:

Food-grade TiO> showed no lethal
effect on rats in concentration 20 mg. The
mean weight of rats treated with TiO;
showed no statistically  significant
difference in companion to control group.
Table (1)

Biochemical Tests: As shown in Table
(D).

Assay of cardiac function

As shown in Table (1), significant
changes in cardiac parameters in the TiO>
treated group were recorded compared to
the control group, increased serum
activities of CK-MB and cardiac Troponin
in the TiO, treated group was observed
(Fig.1).

Assay of liver function

Alanine Aminotransferase and alkaline
phosphatase serum levels were significantly
higher in the treated group when compared
to the control group (P <0.05, P< 0.001)
respectively (Table 1, fig.2)
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Figure (1): Cardiac parameters of the control and TiO treated groups. Values were expressed
as mean £ SD for 10 rats. * P <0.05, ** P <0.001, ***P<0.0001. CK-MB: Creatine kinase-

MB

Assay of Renal function

Urea level was significantly higher in
TiO, treated group compared to the control
group (P <0.05), while creatine level did not
show any significant difference between the
two groups. (Table 1, fig.3)

Histopathological changes

Cardiac tissue

Histopathological —examination  of
cardiac tissue sections demonstrated
by Masson's trichrome stain revealed mild
to moderate focal fibrosis, congestion of

blood vessels, and areas of hemorrhage
were also seen in the group treated with
food-grade TiO> (as shown in Figs. 4D &
F).

Hepatic tissues

In food-grade, TiO> treated rats, liver
sections showed congestion of sinuses and
central vein.  Mild inflammatory cell
infiltration and hepatocytes steatosis were
observed in zone 1 (Fig. 4B).
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Figure (2): Liver function tests of the control and TiO2 treated groups. Values were expressed
* P <0.05, ** P <0.001, ***P <0.0001. AST: Aspartate
Aminotransferase, ALT: Alanine Aminotransferase, ALP: Alkaline Phosphatase.

as mean = SD for 10 rats.
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Figure (3): Renal function tests of the control and TiO2 treated groups. Values were expressed
as mean = SD for 10 rats. * P <0.05, ** P <0.001, ***P <0.0001
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Flgure 4: A: Hematoxylln and eosin-stained section of liver of control group (100x) B:
Hematoxylin and eosin-stained section of liver of group treated by TiO2 showing
congestion of central vein and sinusoids, also fatty change (steatosis) is evident in zone 1
(100x). C: Hematoxylin and eosin-stained section of the cardiac muscle of control group
(100x). D: Hematoxylin and eosin-stained section of heart of treated group by TiO2
showing congestion and hemorrhage (100x). E: Masson trichrome stained section of the
cardiac muscle of control group (200x). F: Masson trichrome stained section of by TiO2
treated group’s heart showing mild to moderate fibrosis between the cardiac muscles
(200x).
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Gastrointestinal tissue

Sections from the small intestine of rats
treated with food-grade TiO2 showed mixed
inflammation of the lamina propria and
blunting of intestinal villi. Inflammation
and blunting of villi were documented in the
duodenum, jejunum, and ileum (Fig. 5F).

The colon of rats treated with food-
grade TiO., showed mixed acute and
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chronic inflammation of the lamina propria
with mild activity (neutrophils attacking
colonic glands) (Figs. 5 A&B).

Renal tissue

Numerous acute with some chronic
inflammatory cells infiltrating the renal
pelvis was seen (pyelonephritis) (Figs.
5C&D).

3 ’:-" '."I"\!
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Figure (5): A: Hematoxylin and eosin-stained section of colon of treated group by TiO2

showing mixed acute and chronic inflammation of the mucosa (200x). B: Higher power of
the previous slide showing neutrophils attacking the glands (arrowhead) (400x). C:
Hematoxylin and eosin-stained section of kidney of treated group by TiO2 showing mixed
chronic and many acute inflammatory cells of renal pelvis (pyelonephritis) (40x). D:
Higher power view of the previous picture showing plenty of neutrophilic infiltrate in the
renal pelvis (200x). E: Hematoxylin and eosin-stained section of small intestine of control
group showing normal intestinal villi (100x). F: Hematoxylin and eosin-stained section of
small intestine of the treated group by TiO2 showing mixed inflammation of the lamina
propria causing blunting and broadening of intestinal villi (100x).

DISCUSSION
Food grade titanium oxide is a

TiO2 nanoparticles are mainly long-term
effects resulting from repeated exposure

commonly used food additive consumed by
humans daily. TiO2 nanoparticles influence
different body systems, this effect differs
according to the dose, duration, route of
exposure, and the affected organs (Shabbir
et al., 2021). In humans, the toxic effects of

through different pathways (inhalation,
ingestion, and dermal) or internal
production from titanium  prostheses
(Skocaj et al., 2014). It is very hard to
reproduce these prolonged exposures in
animal models with a short lifespan (not
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exceeding 2 years). The studies conducted
on these nanoparticles use varying doses
given once or for a relatively short duration
(Bahadar et al., 2016).

In the current study, rats were exposed
to TiO2 NPs at 20 mg/kg BW for 120 days
to observe the toxicological effects of TiO».
Given the fact that the oral route is more
suitable when determining the dangers of
food additives, we have therefore chosen to
use this route of administration. Wang and
coauthors  (2007) have  mentioned
deposition of TiO2 NPs in the liver, kidneys
after oral administration. Furthermore, it
has been shown that within 30 days of
exposure, TiO2 NPs can also harm the heart
(Chen et al., 2015).

In the present study, no significant
decrease in the means of body weight of rats
treated with TiO,, Similarly, previous
studies didn't find significant changes in the
body weight of rats after oral administration
of 5mg TiO2 NPs/Kg BW (Warheit et al.,
2007). Weight loss in mice given TiO:
intragastric demonstrated by Li et al.,
(2010) at higher doses (125 and 250 mg/kg).
Previous studies stated that TiO>
nanoparticles  hinder  digestion and
absorption of nutrients with subsequent
deficiency of  both  macro and
micronutrients in the body. They explained
weight loss to the effect of TiO2NPs on the
absorbent surface of the intestine with a
decrease in the number of villi. TiO
particle absorption has also been reported to
evoke inflammatory responses as TiO>
nanoparticles induce in vitro inflammation
(Ruiz et al., 2017). These effects have been
suggested that may trigger or intensify
intestinal inflammatory disorders (Hummel
etal., 2014). In this study, histopathological
examination of the intestine and colon
showed blunting of the intestinal surface
with a reduction in the number of villi with
inflammation to both intestine &colon.
TiO2 was reported to alter the nutrient
absorptive surface of the intestine with a
marked effect on absorption and transport
of important micronutrients as Fe, Zn fatty
acids, with a reduction in microvilli (Guo et

al. 2017).

The present study showed that TiO:
food-grade exerts toxic damage on
myocardial tissues after daily
administration for 120 days resulting in loss
of myocardial cell membrane integrity and
release of Cardiac enzymes to the blood
Stream. The authors found a significant
increase in the diagnostic Cardiac
parameters CK-MB and cardiac Troponin
protein in TiO> treated group compared to
the control group, these results are
consistent with the previous results of
researchers who evaluated the toxic effect
on the heart function after chronic oral
intake of TiO, for 90 days and reported a
significant elevation in Serum cardiac
enzymes (Chen et al., 2015).

Swelling of mitochondrial cardiac cells
was also reported in rats that received TiO>
orally for 14 days (Bu et al., 2010). TiO>
NPs trigger inflammatory response with
increased inflammatory cytokines (TNFa
and IL8), they play a major role in the
mechanism of the injurious effect of TiO;
NPs on the cardiovascular system
(Elsabahy and Wooley, 2013).

As stated in the results of our research,
food-grade TiO, caused a hepatic injury.
This injury was demonstrated as
inflammatory infiltration, fat deposition,
and congestion. In addition to the increased
levels of ALT and ALP. These results mean
injury of hepatocytes and release of
transaminases into the bloodstream. An
elevated ALT blood level reflects the
inflammatory condition of the hepatocytes
while ALP reflects deteriorating function
off the liver (Giannini et al., 2005). TiO;
was reported to cause oxidative stress in
hepatic cells and induce inflammatory
process in the liver causing hepatocyte
damage and release of intracellular
enzymes such as ALT, AST, and ALP (Jia
et al., 2017). In agreement with the results
of this study, food-grade TiO; increases fat
deposits in hepatocytes. Furthermore, TiO>
induced congestion, enhanced leukocyte
infiltration, and increased nuclear pyknosis
percentages in liver cells (Shirani et al.,
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2020). The hepatic and cardiac damage
caused by TiO- in rats was assumed to be a
consequent disturbance in energy and
metabolism of amino acids (Shi et al.,
2013).

Concerning the adverse sequelae of
exposure to titanium dioxide nanoparticles
on the kidney, this study assumes that food-
grade TiO2 has triggered pathological
changes and inflammatory changes in the
renal pelvis. The serum urea level was also
substantially increased by particles in the
treated group compared to the control
group. It is believed that TiO. nanoparticles
accumulate in kidney cells and cause
nephrotoxicity in the form of inflammation
in the glomerulus, furthermore, TiO-
particles of 25 nm greatly enhanced the urea
level of the serum as compared to the
control (Wang et al., 2007). Although there
are still limited studies documenting
mechanisms of TiO; toxicity, some indicate
that smaller particles produce a higher
inflammatory response (Kobayashi et al.,
2009).

CONCLUSION

Globally, the use of the daily human
intake of products containing TiO2 is
growing. The evaluation of E 171 delivered
orally is a critical model of exposure to
humans. The present results demonstrated
significantly altered biochemical and
histopathological changes. Those changes
were demonstrated as altered normal gut
mucosa, cardiac, hepatic, and renal tissues.
In addition to elevation of ALT, ALP, CK-
MB, cardiac troponin, and urea blood
levels, that might lead in the future to many
diseases and tumors. The mechanism is
obscured.

RECOMMENDATION

The study of nanotoxicity remains a
field for potential research. There is demand
for more research to demonstrate the effects
of TiO2 and other nanoparticles on organs
and other blood factors. Additionally, it is
necessary to perform more studies over
various periods.
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