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Abstract  

In this study, the effects of different doses of Ti02 (E171) on the mucosa cells of small intestine, orally administered to Swiss 

albino mice (Mus musculus domesticus) have been investigated. After administration of Ti02 to mice, the changes occurred 

in the organelles such as nucleus, mitochondria and endoplasmic reticulum. The most prominent changes in the mucosal 

cells were dilation in the endoplasmic reticulum, nuclear space formation and disappeared matrix and cristae in 

mitochondria. Furthermore, lipid droplets were found in cytoplasm. 
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Introduction 

The probable harmful effects of food additives have been 

discussed since the beginning of 20th century. Food and 

Agriculture Organization (FAO) and World Health Organization 

(WHO) have been studying guidelines and the acute, chronic 

and specific toxic effects of food and additives on international 

stage for a long time
1-3

. Today, the indispensible elements of 

modern food industry, the additives, present an insidious danger 

to human health. These additives are widely used in cosmetic 

and drug industry, and are also directly related to human 

biological systems. No matter how low amounts are taken, 

continuous consumption all through lifetime may cause harmful 

effects in long term. TiO2 is a white pigmented additive with 

high opacity and coating properties. It is widely used in dye, 

rubber, clothing, paper, metallurgy, ceramic, and drug, cosmetic 

and food industries
4,5

. Three different crystal forms are present; 

anatase, brookite and rutile. Only anatase type is used in drug 

and food industries as coating material or whitener
4-6

. Scientific 

studies concerning additives are mainly on physiological and 

clinical basis. Most of them are focused on toxic dose, 

carcinogenicity and allergy
6-17

. It is clear that, further 

investigation from molecular to cellular level are needed in 

order to clarify the consequences of additives entered with 

ingestion, inhalation or dermal route. Effects of titanium on 

ultrastructural level are yet to be clarified. In this study, the 

ultrastructural effects of orally administered TiO2 on small 

intestine mucosa epithelia cells, on electron microscopic level, 

were investigated. 

 

Material and Methods 

Twenty seven mice, weighing between 18-22 g were used in 

comply with WHO laboratory animal standards. All mice were 

supplied from Refik Saydam Hıfzıssıhha Institute of Ankara 

(Turkey) and the study was accomplished in Biology 

Department Laboratory of Ankara University Science Faculty, 

where a circadian period of 12 hours was maintained. Three 

mice were separated as control group and the remaining 24 

animals were administered different concentrations of anatase 

form of TiO2, orally for varying time periods. TiO2 was not 

given to control group. All experiments were repeated for three 

times. Dosage and exposure times of the study groups were 

enlisted in table 1. Anesthesia of the animals was done with 

0.01 mg ketamine injection intramuscularly. Specimens from 

the small intestine of the mice were obtained at the beginning of 

the study in control group and after appropriate exposure times 

in experimental groups. For electron microscopy, tissues of 1 

mm3 were fixed in glutaraldehyde (3%) and phosphate buffered 

saline (pH 7.2) at 4 degrees centigrade for 3 hours, and post-

fixed with 1% osmium tetroxide for 1 hour. Osmium tetroxide 

was washed away with the same buffered. Ethyl alcohol was 

used for dehydration and specimens were embedded in Araldite 

CY-212.  Thin sections were double stained with saturated 

uranyl acetate (20 min.) and lead citrate (10 min). Jeol JEM 100 

CX-II electron microscope was used for examination of the 

specimens. 
 

Results and Discussion  

Group I: Control Group: Primary function of the small 

intestine is absorption. As in other organs, form of the small 

intestine is closely related with structure and function. Small 

bowel wall may grossly be divided into four distinct layers; 

mucosa, sub mucosa, external muscle and serosa. In order to 

accomplish absorption, a wide luminal contact surface is 

mandatory; macroscopic plica circulares to tiny microvilli serve 

this purpose. Goblet cells, paneth cells, entero chromaphin cells, 

undifferentiated cells, and differentiated villous epithelium 

(enterocytes and absorptive cells) can be defined histological. 
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Table-1 

Experimental groups, dosage and exposure times 

Study groups 
Number of mice in 

experimental  groups 

Daily dosage was 

given (g/mouse/n) 

Exposure 

time (days) 

Total dosage 

(g) 

Group I (Control group) 3 not given 20 0,0 

Group II (Low dose administration of TiO2 ) 3 0.003 g 5 0.015 

Group III (Moderate dose of TiO2 

administration) 
3 0.03 g 16 0.48 

Group IV (High dose  of  TiO2 administration) 3 0.3 g 16 4.8 

Group IV (High dose of TiO2 administration) 3 3.0 g 16 48 

Group IV (High dose of TiO2 administration)  3 3.0 g 17 51 

Group IV (Excessively high dose of TiO2 

administration) 
3 3.0 g 18 54 

Group IV (Excessively high dose of TiO2 

administration) 
3 3.0 g 19 57 

Group IV (High dose and excessively high 

dose of TiO2 administration) 
3 3.0 g 20 60 

 

Absorptive cells are the most common and most active cells of 

the villous surface. These are simple cylindrical cells with 

brushy appearance stretching out intraluminally. Well organized 

microvilli can be detected microscopically, on this brushy 

surface. Absorptive cells with microvilli accomplish the 

absorption process. The epithelial structure is a complex unit, 

regulating the passage to lamina propria. Integrity of this tissue 

requires proliferation, maturation and metabolic activity of the 

cells. Failure in one of these steps results small intestine 

malfunction and malabsorption.  

 

Absorptive cells are long and cylindrical cells.  Basally located 

nucleus is in harmony with the shape of the cell. Microvilli are 

located on the luminal side of the cell. Apical cytoplasm 

contains numerous mitochondria and endoplasmic reticulum. 

Cellular tight junction zones are observed. These zones are most 

distinct in adjacent lateral membranes of the luminal side of the 

neighboring cells (figure 1, figure 2). 
 

 
Figure-1 

Normal absorptive small intestine cells of the group I 

(Control group). Tight junction area (tja), mitochondria 

(M), microvilli (mv) and nucleus (N). x9.600 

 
Figure-2 

Microvilli and apically located mitochondria in control 

group. Tight junction area (tja), mitochondria (M) and 

microvilli (mv). x20.000 
 

Group II: Low dose administration of TiO2: After 5 days of 

0.003 g/day ingestion of TiO2, electron micrograph of the 

absorptive cells revealed nuclear and mitochondrial elongation, 

early stages of cristae and matrix loss in mitochondria. On the 

other hand microvilli structure was preserved in this group 

(figure 3, figure 4). 
 

Group III: Moderate dose administration of TiO2: After 16 

days of 0.03 g/day ingestion, Ultrastructure of the absorptive 

cells showed significant changes. Cristae loss and space 

formation in apical mitochondria, alterations in nuclear and 

nucleolar structure, dense helesonic granule formation in 

nucleus, nuclear heterochromatin and euchromatin loss, 

electron lucency of the karyoplasms, distortion in microvilli, 

Cytoplasmic spaces and dissolution with appearance of lipid 

droplets of varying sizes. Most striking histopathological 

finding in group III was cytoplasmic lipid droplets (figure 5, 

figure 6, figure 7 and figure 8). 



International Research Journal of Biological Sciences ________________________________________________

Vol. 2(6), 1-7, June (2013)    

          

International Science Congress Association

Figure-3 

Elongated mitochondria in group II. An elongated 

mitochondrion on the right side. Mitochondria 

microvilli (mv) and nucleus (N). 
 

Figure-4 

Preserved microvilli structure (mv), with loss of cristae and 

mitochondrial elongation (M) in group II. 

Figure-5 

Mitochondrial cristae loss (M) and space formation due to 

matrix dissolution in group III. Alterations in microvilli 

(mv) can be observed. x14.400
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Elongated mitochondria in group II. An elongated 

mitochondrion on the right side. Mitochondria (M), 

N). x9.600 

 

Preserved microvilli structure (mv), with loss of cristae and 

mitochondrial elongation (M) in group II. X 20.000 

 

Mitochondrial cristae loss (M) and space formation due to 

matrix dissolution in group III. Alterations in microvilli 

x14.400 

Figure-

Nuclear matrix dissolution and formation of large space in 

small intestine epithelial cells of mice in group III. 

Mitochondrial vacuolization (m) increased and significant 

changes happened in nucleolus (n).

Figure-

Electron dense helesonic granule (H) in nucleus (N) and 

abnormal space formation in perinuclear zone neighboring 

granule (v) in group III. Mitochondrial matrix (M) loss also 

was occured. x28.000

Figure-

Nuclear (N) and cytoplasmic space (v), distortion 

microvilli (mv) and numerous round cytoplasmic lipid 

droplets (d) in group III. 
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6 

Nuclear matrix dissolution and formation of large space in 

thelial cells of mice in group III. 

Mitochondrial vacuolization (m) increased and significant 

changes happened in nucleolus (n). x20.000 

 
7 

Electron dense helesonic granule (H) in nucleus (N) and 

abnormal space formation in perinuclear zone neighboring 

Mitochondrial matrix (M) loss also 

was occured. x28.000 

 
8 

Nuclear (N) and cytoplasmic space (v), distortion in 

microvilli (mv) and numerous round cytoplasmic lipid 

droplets (d) in group III. x9.600 
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Group IV: High dose and excessively high dose 

administration of TiO2 : Conspicuous changes in nucleus, 

mitochondria and endoplasmic reticulum of the epithelial cells 

were noted group IV (figure 9-14). Abnormal dilation between 

nuclear membranes and distortion of mitochondrial matrix were 

happened after 16 days of high dose of TiO2

9); perinuclear space and endoplasmic reticulum enlargement, 

nuclear and mitochondrial distortion was occurred

of high dose of TiO2 ingestion (figure 10, figure 11); 

cytoplasmic and nucleoplasmic changes, dilation between 

nuclear membranes, electron dense granules, endoplasmic 

reticulum dilatation and vesicles in dilated regions, 

mitochondrial dilatation, matrix and crystal dissolution, lipid 

droplets and numerous vesicles were seen after 18 days of high 

dose of TiO2 ingestion (figure 13-15); swelling of endoplasmic 

reticulum with electron dense material accumu

occured after 19 days of high dose of TiO2

16); dilatation of ER, distortion of nucleus, nuclear membrane 

and double layered mitochondrial membrane was happened 

after 20 days of high dose of TiO2 ingestion (figure 17).
 

Figure-9 

Mitochondrial matrix distortion and separation between 

nucleolemmal membranes of the mice small intestine epithelial cell 

in group IV. Nucleus (N), perinuclear dilation (p) and distorted 

mitochondria (M). x14.400 

Figure-10 

After 17 days of 3 g/day of TiO2 ingestion, perinuclear space and 

dilatation of endoplasmic reticulum (er) and mitochondria (M) in 

epithelial cells of mice in group IV.  x 28.000
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Conspicuous changes in nucleus, 

mitochondria and endoplasmic reticulum of the epithelial cells 

Abnormal dilation between 

nuclear membranes and distortion of mitochondrial matrix were 

2 ingestion (figure 

perinuclear space and endoplasmic reticulum enlargement, 

and mitochondrial distortion was occurred after 17 days 

(figure 10, figure 11); 

cytoplasmic and nucleoplasmic changes, dilation between 

nuclear membranes, electron dense granules, endoplasmic 

in dilated regions, 

mitochondrial dilatation, matrix and crystal dissolution, lipid 

after 18 days of high 

swelling of endoplasmic 

reticulum with electron dense material accumulation were 

2 ingestion (figure 

dilatation of ER, distortion of nucleus, nuclear membrane 

and double layered mitochondrial membrane was happened 

(figure 17). 

 

itochondrial matrix distortion and separation between 

nucleolemmal membranes of the mice small intestine epithelial cell 

Nucleus (N), perinuclear dilation (p) and distorted 

 

 

ingestion, perinuclear space and 

dilatation of endoplasmic reticulum (er) and mitochondria (M) in 

x 28.000 

Figure-11

Nuclear (N) and mitochondrial distortion (m) and space 

formation (v) in epithelial cells of mice in group IV. 

Figure-12

Perinuclear dilation, cytoplasmic distortion, electron dense area in 

the nucleus (N), granules (g) in perinuclear
 

Figure-13
Dilatation of endoplasmic reticulum (d), vesicles in dilated zones 

(h) and electron dense particles in endoplasmic reticulum (edp) in 

group IV. Cytoplasmic vacuoles and electron dense materials are 

the significant pathologic findings. 

International Research Journal of Biological Sciences ________________________________________________ ISSN 2278-3202   

            Int. Res. J. Biological Sci.

 4 

 
11 

Nuclear (N) and mitochondrial distortion (m) and space 

formation (v) in epithelial cells of mice in group IV. x20.000 

 
12 

erinuclear dilation, cytoplasmic distortion, electron dense area in 

perinuclear space.  x20.000 

 
13 

ilatation of endoplasmic reticulum (d), vesicles in dilated zones 

(h) and electron dense particles in endoplasmic reticulum (edp) in 

group IV. Cytoplasmic vacuoles and electron dense materials are 

the significant pathologic findings. x14.500 
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Figure-14 

Mitochondrial cristae loss (m) and matrix dissolution in 

group IV. x28.000 

 

 
Figure-15 

Excessive swelling of mitochondria (m) and matrix 

dissolution (md), cytoplasmic lipid droplets (d), and 

numerous vesicle formations (h) in group IV. x20.000. 

 
Figure-16 

Excessive swelling of endoplasmic reticulum (er) and 

electron dense materials (edp) in group IV.  x20.000 

 
Figure-17 

Endoplasmic reticulum dilatation (erd), distortion in 

mitochondrial membrane (M) and necrosis of nucleus (N) 

(thick arrow) in group IV.  x20.000 

 

Discussion: Although titanium is widely used as a food 

additive there are not many experimental studies concerning its 

effects. Specific studies about the effects of titanium dioxide on 

biologic system are not present or very few  in literature, to our 

knowledge. Recent data proposes that titanium is not toxic, so it 

is safe to use
3,12,18-20

. As a result, with high biocompatibility and 

osteointegration, titanium is the most popular material in 

dentistry, orthopedic and reconstructive surgery. 

 

As, TiO2 is an inert compound and dissoluble in water, it seems 

reasonable to use it as a food additive. Although short term and 

low dose usage still seems to be safe, findings reported with 

long term and high dose usage interrogated their safety. 

Sensitivity of methods is also important in an experimental 

study. As an example, 50 mice and 50 rats were fed with 

25.000- 50.000 pp TiO2 for 103 weeks and no significant 

weight change could be documented at the end of the study
9
. 

 

TiO2 is accepted to be non carcinogenic but ingestion of 

titanium by some specific cells may trigger tissue damage. 

Specific and reliable methods were used for this purpose. After 

orally administration (gavages) of 12.5 mg/kg dose of 500 nm 

sized TiO2 (rutile) particles for 10 days, light microscopic and 

SEM examination revealed that particles are present in small 

intestine, colon, mesentery, peritoneum, lung, liver and spleen 

whereas no particles could be detected in cardiac and renal 

tissue
2,12,15,21

. On the other hand, TiO2 has shown to infiltrate all 

organs and lymphoid tissue, in histochemical analysis
12

.  
 

In a study concerning the histopathological and ultrastructural 

effects of TiO2 particles in canine lungs, detrimental effects 

were documented. Following intra- tracheal exposure to TiO2 

dusts for 9-15 months of 16 dogs, SEM and energy dispersive 

X-ray (EDX) examinations documented the presence of TiO2 in 

bronchi and alveoli with mild alveolar fibrosis
18,20

. 
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It was reported that 3% of the ingested TiO2 was absorbed and 

the rest was excreted
19

. TiO2 was reported to cause epidermal 

and corneal damage in rabbits, whereas no toxic effects with 

long term exposure could be documented in rodents
19,22

. 

 

Probable detrimental effects of orally taken inert particles, 

during and after the absorption process through stomach lumen 

have been suggested
12

. Lung damage with TiO2 inhalation was 

shown in mice, rats, dogs and human
10,12,19,23

. High 

concentration exposure via inhalation was shown to result in 

lung tumor and keratin cyst formation
21

. Toxic effects of 

titanium nanoparticles on mice brain, liver, lung, bone marrow, 

nervous system, retina, gastric antrum and colon cells was also 

reported
12, 16,17,24

. 
 

Studies concerning effects of TiO2 inhalation are limited. 

Examination of worker lungs exposed to TiO2 dusts revealed 

contradictory results. Some workers had no findings but others 

showed pathological changes
9
. TiO2 dust exposure has been 

reported cause fibrotic and hyperplasic changes in lungs, skin 

and lymphoid tissue. These tissues were shown to have 

numerous black particle containing granules- which were 

demonstrated to be TiO2 particles by electron microscope and 

EDX
12,19

. On the contrary, no harmful effect on human health 

could be validated in all these studies
19,26

. 
 

Although metabolism and biologic behavior of TiO2 is not 

precisely known, in the light of the data derived from earlier 

studies, TiO2 is thought to be a low potent toxic agent
19

. 
 

It is reasonable to anticipate cellular changes after TiO2 

administration. This is due to first contact with small intestine 

epithelium cells before disseminating systematically. In the 

recent studies, traces of TiO2 were shown also in blood, lung, 

liver, brain, cardiac, stomach wall, bone marrow and spleen 

tissue
2,10,12,14,16,17,23,25

. 
 

Cellular pathologic effects of TiO2 could not be documented in 

none of these studies as all of them were biochemical, light 

microscopic or TEM studies. In these experimental, different 

doses of TiO2 was administered orally for varying time periods 

and electron microscopic assessments were carried out on the 

basis of control group to reveal the pathologic changes in small 

intestine epithelium cells. Correlated with the exposure time 

and dose, most significant changes were observed in 

mitochondria, nucleus and endoplasmic reticulum. Cytoplasmic 

spaces and lipid droplets were also remarkable. As well as that, 

loss of integrity of cytoplasm of small intestine epithelium, 

cytoplasmic spaces and vacuole formation was noted. 
 

We cannot able to reach any other study on ultrastructural 

levels; comparison of the results could not be accomplished. 

Further studies are required to clarify the effects of TiO2 on 

cellular level. 
 

Conclusion 

In this experiment was analyzed the TiO2 nanoparticles effect, 

doped or not with a metal, at the intestinel level in Mus 

musculus domesticus, and their interaction with the cellular 

organelles. The TiO2 nanoparticles, induced a drastic effect at 

the epitheliel cell level, affecting the nucleus and some 

organelles ultrastructure of organelles (mitochondria especially), 

as well as the lipid metabolism. 
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