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ABSTRACT
Background: Titanium dioxide nanoparticles (TiO2 NPs) are commonly used in cosmeceutical, biomedical, pharmaceutical 
and industrial fields but its adverse effects are also increasing alarmingly. β-Carotene is an antioxidant that can guard against  
the toxicity induced by TiO2 NPs.
Aim of the Work: To study the histological alterations in the normal lung tissue of adult albino rats after administration of 
TiO2 NPs and to assess the potential protective effect of β-Carotene.
Materials and Methods: four groups of adult male albino rats were used in this work; treated group received a dose of 300 
mg/kg of TiO2 NPs was administered intraperitoneally daily for 14 days.  Along with one protected group received 10mg/
kg β-carotene by gavage for 7 days before and another 14 days with 300 mg/kg TiO2 NPs administration, in addition to one 
control group and one group received only β-carotene. Tissue samples from the lung were stained with hematoxylin and eosin 
(H&E) and toluidine blue, ultrastructural study and morphometric analysis were also conducted. 
Results: The treated group revealed marked histological alterations appeared as vacuolated cytoplasm of pneumocytes type 
II and loss of lamellar bodies' characteristic pattern in addition to dilated congested pulmonary blood vessels. Morphometric 
results showed thickening of the interalveolar septa and increased numbers of macrophages and pneumocytes type II in 
comparison to the control group.  In the protected group, β-Carotene co-administration with TiO2 NPs greatly preserved the 
normal lung structure. 
Conclusion: It can be concluded from this study that supplements of β-carotene can reduce the detrimental effect of TiO2 
NPs on lung tissues via antioxidant mechanism.
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INTRODUCTION                                                                              

Nanoscience has prospered a lot in the last decade 
with the rapid advance of nanotechnology and its 
widespread applications[1]. More than 2800 nanoparticle 
based applications were found to be available in various 
commercial areas, for example; medicine, electronics, energy 
and materials[2]. Nanoparticles are commonly used in the 
everyday life such as food additives, water treatment, disease 
diagnosis, implants and clothing. Consequently, researchers 
and scientists raised new concerns regarding the possible 
effects of nanoparticles on health and environment[3,4].

Titanium dioxide nanoparticles (TiO2 NPs) are ones of 
the most widely used and highly manufactured nanoparticles 
in the world[5]. TiO2 is a well-known semiconductor and a 
versatile compound that exists in three crystalline forms, 
rutile, brookite and anatase which can be activated with ultra 
violet light only owing to its high band gap energy[6]. The 
yearly production of TiO2 NPs in 2002 was approximately 
3000 tons per annum, and is estimated to increase to 2.5 million 
metric tons annually by 2025[7]. TiO2 NPs have important 
role in various industries; such as industrial pigments owing 

to the high catalytic, optical and electrical properties. They 
are also used as photocatalyst in environmental purging, 
in purifing the water, in sunscreen creams, destruction of 
cancer cells, filteration of gases, health equipments, food 
colorants, ceramics, paper and plastics[8,9]. It is reported 
that in the manufacture of sunscreen and cosmetic products 
approximately 50% of TiO2 NPs are used[10].

The skin and the respiratory tract were recorded to be 
the main areas of exposure. Previous studies showed an 
inflammatory response in the pulmonary airways in a size-
dependent way after intra-tracheal administration of TiO2 
NPs to mammals[11,12]. It was also recorded that TiO2 NPs 
change the cell membrane integrity, destruct the nucleus and 
DNA by initiating inflammatory mechanisms, apoptosis and 
generation of the oxygen free radicals, and also alteration of 
the cell functions[13].

Epidemiological data suggest that antioxidants may 
have a beneficial effect on many diseases. Among dietary 
supplements, antioxidants including carotenoids represent 
ones of the largest categories. They are natural pigments; 
β-carotene is the most prominent among more than 600 
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different compounds that have been recognized up till now. 
β-carotene is a common constituent of carrots, apricots 
and green vegetables. It has been proved to be a powerful 
antioxidant and has the strongest provitamin A activity of 
all carotenoids. It deactivate harmful free radicals which are 
formed as a result of various stressors and during normal 
cellular activity[14,15,16,17].

MATERIALS AND METHODS                                                         

Animals
40 healthy adult male albino rats aged 6–8weeks (150–

200 g) were used. They were brought from the Animal 
House, Faculty of Medicine, Zagazig University, Egypt. Rats 
were housed in a room with controlled light and temperature 
permitting free access to food and water. All procedures of 
the experiment were performed according to the pertinent 
guidelines and protocols of the Institutional Animal Care 
and Use Committee, Zagazig University (ZU-IACUC 
committee), approval number ZU-IACUC/3/f/13/2020.

Chemicals 
TiO2 NPs is white odorless fine nanopowder with particle 

size 26-56nm, 35-65 m2/g surface area, ≥99.5% purity and 
CAS no. is 634662. It was purchased from Sigma-Aldrich 
chemical company Egypt. β-carotene is a red orange powder, 
code no. c9750 was purchased from Sigma-Aldrich chemical 
company, Egypt. Phosphate buffer (PBS), dissection set, 
10% formal saline, alcohol, xylene and paraffin wax for 
preparation to light microscopic examination, toluidine 
blue and H&E were purchased from faculty of medicine, 
Zagazig University. For transmission electron microscope; 
2.5% glutaraldehyde, sodium phosphate buffer, 2% osmium 
tetraoxide, gradual ethanol series, epoxy resin, uranly acetate 
and lead citrate were purchased from Faculty of science, 
Zagazig University.

Experiment protocol
The rats were randomly divided into 4 groups each 

contained 10 rats: control group the rats were given 
intraperitoneal (i.p.) injection of 2 ml saline, daily for 14 days. 
β-carotene group rats were received 10mg/kg β-carotene by 
gavage once daily for 21 days[18]. Treated group rats were 
received 300 mg/kg TiO2 NPs by i.p. injection daily for 
14 days[19]. Protected group rats were received 10mg/kg 
β-carotene daily by gavage for 7 days prior and 14 days 
together with i.p. injection of 300 mg/kg TiO2 NPs[19]. The 
solution for injection of TiO2 nanoparticles was prepared 
with distilled water while that for βC was diluted in corn oil. 
At the end of the experimental period, rats were anesthetized 
with i.p. injection of sodium thiopental and the extent of 
pulmonary toxicity was evaluated by light and electron 
microscopic examination of the obtained lung tissue samples.

Histological examination
Lung tissue samples from all rats were carefully dissected. 

Some of the specimens were immersed immediately in 10% 
buffered formalin (pH 7.2) for 48 hours then processed 
and embedded in paraffin wax to prepare sections of 5μm 
thickness stained with hematoxylin and eosin (H&E). Other 
specimens were post fixed in 1% osmium tetroxide, then 
were processed and prepared as semithin sections stained by 
1% toluidine blue. Both were examined and photographed 
by light microscope in the anatomy department unit, faculty 
of medicine, Zagazig University. The remaining specimens 
were processed into ultrathin sections (80–90 nm) were 
stained with uranyl acetate 5% for 15 minutes and lead 
citrate for 8 minutes then examined and photographed 
by transmission electron microscope (JEOL JEM-2100; 
Boston, united states, Faculty of Agriculture, electron 
microscope research unit, Al-Mansoura University, Egypt. 
For assessment of the morphology and the particle size of 
TiO2 NPs, the powder of the particle was suspended in water 
and sonicated at 40 W for 20 minutes and TiO2 suspensions 
were dropped on carbon-coated copper T grids then dried 
before the measurement. Then photographed by transmission 
electron microscope (JEOL JEM-2100; Boston, united states, 
Faculty of agriculture, electron microscope research unit, Al-
Mansoura University, Egypt (Figure 1a,b).

Fig. 1a: TEM micrograph of titanium nanoparticles. The morphological 
characteristics of TiO2 nanoparticles are shown, having a wide range of size 
from 26 nm to 56 nm. The particle shape is spherical, rounded or crystal 
shape. Some particles are electron dense while others are electron lucent; 
some particles are aggregated while others are separated.
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Fig. 1b: Another TEM micrograph of titanium nanoparticles. The 
morphological characteristics of TiO2 nanoparticles are shown, having a 
wide range of size from 26 nm to 36 nm. The particle shape is spherical, 
rounded or crystal shape. Some particles are electron dense while others are 
electron lucent. Some particles are aggregated while others are separated.

Morphometric analysis
Non-overlapping fields from all groups were analyzed 

after being randomly selected. Number of macrophages and 
pneumocytes type II from toludine blue photomicrographs (X 
1000 magnification) were counted using Image J analyzing 
software. Also, the thickness of the interalveolar septum was 
measured using the same program[20]. 

Statistical analysis
Statistical analysis was done for the number of 

macrophages and pneumocytes type II and the thickness of 
the interalveolar septum using SPSS software (version 19). 
All the values of the experiment were represented as mean 
± Standard Deviation. Data were analyzed by analysis of 
variance (ANOVA) followed by Posthoc test to assess the 
differences among groups. 

RESULTS                                                                                     

Light microscopic examination
Lung sections from all groups were stained with H&E and 

toluidine blue. Specimens from the control group showed the 
normal histologic features of the lung. The alveolar sacs were 
seen clearly. A lot of alveoli separated by thin interalveolar 
septa and lined with pneumocytes type I that appeared as flat 
cells with densely stained nuclei and thin cytoplasm were 
observed. The cuboidal pneumocytes type II were also seen 
as cells with large rounded nuclei. The bronchioles were 
intact without inflammatory cell infiltration (Figures 2,3). In 
β-carotene (βC) group, the pattern of histology of the lung 
tissue was the same as the control group.

In the treated group: 300 mg/kg TiO2 NPs were 
administrated intraperitoneal daily for 14 days. Sections 
stained with H&E and toluidine blue stains showed 
thickening of the interalveolar septa and their infiltration 
with inflammatory cells and macrophages and narrowing of 
the alveolar sacs. The pulmonary blood vessels were dilated, 
thickened, congested and about to rupture (Figures 7,8). 

In Protected group: 10mg/kg β-carotene were 
administrated by gavage for 7 days prior and 14 days with 
i.p. 300 mg/kg TiO2 NPs, the lung tissue preserved its 
normal architecture. But some areas with thick interalveolar 
septa were also noticed (Figures 13,14).

Electron microscopic examination

In the control group pneumocytes type II cells were 
slightly cuboidal containing vesicular euchromatic nucleus 
and slightly convex free cell surface with few short scattered 
microvilli on it and numerous lamellar bodies in the cytoplasm 
(Figure 4). The air–blood barrier was formed of cytoplasm of 
capillary endothelial cells, fused basal lamina and attenuated 
pneumocyte type I cytoplasm which contained flattened 
nucleus (Figure 5). Interstitial macrophage appeared as cell 
containing nucleus, rough endoplasmic reticulum and some 
electron dense granular bodies (Figure 6). While the findings 
in β-carotene (βC) group were similar to the control group. 

Examination of ultrathin sections from the treated group 
showed large number of pneumocytes type II, some of them 
showed irregular outline, irregular nucleus with lost apical 
microvilli, many cytoplasmic vacuoles, lost lamellar bodies' 
specific pattern and disturbed architecture of many of them.  
There were many interstitial cells with irregular outline. Also 
there were areas with thick interalveolar septa and infiltration 
with the characteristic granular mast cells (Figures 9,10). 
The air–blood barrier of this treated group was formed of 
cytoplasm of capillary endothelial cells, thick irregular fused 
basal laminae and swollen irregular cytoplasm of pneumocyte 
type I (Figure 11). Macrophages appeared as cells with 
irregular outline and irregular heterochromatic nucleus and 
its cytoplasm contained numerous electron dense granular 
bodies and numerous vacuoles (Figure 12). On the other side, 
preservation of the normal lung histological architecture was 
apparent in the protected group (Figures 15,16).

Morphometric and statistical results

In comparison with the protected group the mean 
numbers of both alveolar macrophages and pneumocytes 
type II were significantly increased in the treated group. 
However, the protected group wasn't significantly changed 
from the control group (Figures 17,18) and (Tables 1,2). Also 
there was a significant increase in the mean thickness of the 
interalveolar septa in the treated group compared to the other 
two groups (Figure 19) and (Table 3).
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Fig. 2: H&E stained lung tissue section at 100x magnification from the 
control group showing the alveoli (A) and intervening thin interalveolar 
septa (thin arrow). Notice the normal alveolar sacs (S) and the intact 
bronchiole (B).

Fig. 3: Toluidine blue stained lung tissue section at 1000x magnification 
from the control group showing the flattened pneumocytes type I (P1) and 
the cuboidal pneumocytes type II (P2) lining the alveoli. Notice the thin 
interalveolar septa (thin arrow).

Fig. 4: TEM of a section in a rat’s lung from the control group at 1200x 
magnification  showing pneumocytes type Π (P2) having convex luminal 
border with apical microvilli (MV) and euchromatic rounded nucleus (N). 
Many lamellar bodies (Lb) in the cytoplasm are also observed. Notice the 
blood capillary (BC).

Fig. 5: TEM of a section in a rat’s lung from the control group at 
2000x magnification  showing the air–blood barrier which is formed of  
attenuated cytoplasm of pneumocyte type I (right angled arrow), fused 
basal lamina (wavy arrow) and cytoplasm (C) of capillary endothelial 
cells (BC).

Fig. 6: TEM of a section in a rat’s lung from the control group at 1000x 
magnification  showing an interalveolar septum with single blood 
capillary. There is an interstitial macrophage (M) containing a nucleus 
(N), rough endoplasmic reticulum (RE) and some electron dense granular 
bodies (Gb). Notice the presence of an interstitial cell (IC) with eccentric 
nucleus (N).
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Fig. 7: H&E stained lung tissue section at 100x magnification from the 
treated group showing thick interalveolar septa (thick arrow) separating 
the alveoli (A) with narrowing of the alveolar sacs (S). Notice the thick 
dilated congested blood vessel (BV) which is about to rupture and the 
surrounding perivascular inflammation (star).

Fig. 8: Toluidine blue stained lung tissue section at 1000x magnification 
from the treated group showing the thick interalveolar septa (thick arrow), 
multiple pneumocytes type II (P2) and macrophages (M). Notice the 
inflammatory cellular infiltration (arrowhead) and the necrotic debris (Nc).

Fig. 9: TEM of a section in the rat’s lung from the treated group at 600x 
magnification showing many interstitial cells (IC) and pneumocytes 
type II (P2) with multiple vacuoles (V). Notice the presence of mast 
cell (MC) containing a nucleus (N) and the characteristic granules (G) 
in the cytoplasm. Notice also extravastion of RBCs (asterisk) into the 
interstitium.

Fig. 10: TEM of a section in a rat's lung from the treated group at 
1500x magnification  showing pneumocyte type Π (P2) having irregular 
outline and irregular nucleus (N) containing clumbs of heterochromatin. 
Numerous vacuoles (V) are noticed in the cytoplasm. Notice also the 
presence of collagen fibers (CF) and blood capillary (BC).

Fig. 11: TEM of a section in a rat's lung from the treated group at 1000x 
magnification showing the air–blood barrier which is formed of the 
swollen irregular cytoplasm of pneumocyte type I (right angled arrow), 
thick irregular fused basal lamina (wavy arrow) and cytoplasm (C) of 
capillary endothelial cells (BC). Notice also pneumocyte type Π (P2) 
with irregular outline and irregular heterochromatic nucleus (N) and its 
cytoplasm shows also numerous vacuoles (V). Notice also the presence 
of collagen fibers (CF).
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Fig. 12: TEM of a section in a rat's lung from the treated group at 
1000x magnification  showing a macrophage (M) with irregular outline 
and irregular nucleus containing clumbs of heterochromatin (N). Its 
cytoplasm shows numerous electron dense granular bodies (Gb) and 
numerous vacuoles (V).

Fig.13: H&E stained lung tissue section at 100x magnification from the 
protected group showing areas of thick interalveolar septa (thick arrow) 
and other areas with thin interalveolar septa (thin arrow) separating the 
alveoli (A). Notice the alveolar sacs (S).

Fig. 14: Toluidine blue stained lung tissue section at 1000x magnification 
from the protected group showing areas of thick interalveolar septa (thick 
arrow) and other areas with thin interalveolar septa (thin arrow). Notice 
flattened pneumocytes type I (P1) and the cuboidal pneumocytes type II 
(P2) lining the alveoli.

Fig. 15: TEM of a section in the rat’s lung' from the protected group at 
1500x magnification showing pneumocyte type Π (P2). It has a slightly 
convex luminal border with some apical microvilli (MV). The nucleus 
(N) is slightly rounded and euchromatic. There are some lamellar bodies 
in the cytoplasm (Lb) and some absorbed lamellar bodies leaving empty 
vacuoles (V). Notice also the presence of collagen fibers (CF).

Fig. 16: TEM of a section in a rat’s lung from the protected group at 
2500x magnification showing the air–blood barrier which is formed of 
attenuated cytoplasm of pneumocyte type I (right angled arrow), fused 
basal lamina (wavy arrow) and cytoplasm (C) of capillary endothelial 
cells (BC).

Fig. 17: Bar chart showing the number of macrophages in the different 
groups.
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Fig. 18: Bar chart showing the number of pneumocytes type II in the 
different groups.

Fig. 19: Bar chart showing the thickness of the interalveolar septum (µm) 
in the different groups.

Table 1: Statistical analysis of number of macrophages

Parameter
control group treated group protected group

F P
Mean ± SD Mean ± SD Mean ± SD

number of macrophages 5.8 ± 0.97 20a ± 4.4 12.7ab ± 2.3 48.23 <0.001**

a: significant from the control group                             b: significant from group II                                       **:  highly significant one-way ANOVA test

Table 2: Statistical analysis of number of pneumocytes type II

Parameter
control group treated group protected group

F P
Mean ± SD Mean ± SD Mean ± SD

number of pneumocytes type II 3.8 ± 0.97 10.1a ± 3.1 5.8ab ± 0.67 25.16 <0.001**

a: significant from the control group                             b: significant from group II                                       **:  highly significant one-way ANOVA test

Table 3: Statistical analysis of thickness of the interalveolar septum (µm)

Parameter
control group treated group protected group

F P
Mean ± SD Mean ± SD Mean ± SD

thickness of the interalveolar septum (µm) 7.3 ± 0.98 19.7a ± 3.5 10.3ab ± 1.1 77.4 <0.001**

a: significant from the control group                             b: significant from group II                                       **:  highly significant one-way ANOVA test

DISCUSSION                                                                                   

TiO2 NPs are ones of the most commonly used 
nanoparticles. They are added to many foodstuffs, including 
ice cream, cheeses, skimmed milk, sauces and as coating 
on chewing gum and sweets[21,22]. Its content in sweets, 
particularly in white-coated products, chocolate, candy and 
chewing gum is very high when compared to other products 
reaching up to 2.5 mg Ti/g of food[23]. It was estimated that a 
child can consume TiO2 NPs even 2–4 times more per 1 kg 
of body weight /day than an adult person. 

In 2006, TiO2 was categorized as a carcinogen (group 2B) 
that can causes harmful effects to human. Furthermore, it is 
considered as a chemical carcinogen because it was grouped 
as D2A by WHMIS (the Workplace Hazardous Materials 
Information System)[24]. So it was of great importance to 
understand the toxicity of TiO2 NPs in humans very well to 
help the assessment of the risk and how to get benefit from its 
applications in a safe way[25]. This was the cause of spotting 
light on pulmonary toxicity of TiO2 NPs in this study.

Furthermore, this work studied the ameliorative 
effect of β-carotene against the pulmonary toxicity of 
TiO2 NPs. It was proved that βC has many biological and 
pharmacological activities including: anti-epilepsy, radio-
protective, antioxidant and cardiovascular protection. So it 
was a great value to benefit from the antioxidant property of 
βC to protect from the oxidative stress caused by the toxic 
TiO2 NPs[26,27]. 

Rat was the animal model in this study because it was 
found that it developed considerable inflammatory responses 
in the lung after being exposed to TiO2. This agrees with 
Bermudez et al., 2004[28] who reported that there was 
significant difference between different animal species 
in their pulmonary response after being exposed to TiO2 
particles. They found that mice or hamsters developed a less 
severe pulmonary inflammatory response than rats. This 
was proved after studying different lung parameters such as 
histopathologic alterations.

The results of this study showed thickening of 
the interalveolar septa and increase in the number of 
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pneumocytes type II with vacuolation of cytoplasm which 
were the most prominent changes in this study. Irregularity 
of the nuclei of pneumocystes type II and lost lamellar bodies 
characteristic pattern, interstitial haemorrhage, dilatation and 
congestion of the pulmonary vessels and increased number 
of macrophages were also observed in this study. 

These results agree with Chen et al., 2009[29] who found 
thickening of the alveolar septa and interstitial pneumonia. 
Also this agrees with the results of previous studies which 
revealed degenerated and thickened epithelial cells of 
the lung and macrophages loaded with particles in the 
alveoli[28,30]. The significant increase in the mean thickness 
of interalveolar septa recorded by the morphometric study in 
this work was attributed to the infiltration with inflammatory 
cells in the septa and increase of collagen fibers[31]. 

In the present study, increased numbers of mast cells 
and alveolar macrophages which play an important role 
in the process of inflammation was observed. This is in 
accordance with Nel et al., 2006, Wang et al., 2009 and Li 
et al., 2013[4,32,33] who stated that TiO2 can deposit in the 
alveoli and infiltrate the interstitium of the lung leading 
to an inflammatory response in the lung and its injury. 
This pulmonary inflammatory response was attributed to 
the production of ROS (Reactive Oxygen Species) as a 
mechanism of occurence to that characteristic effect of TiO2 
NP toxicity especially in case of exposure to UV rays or light. 

This was confirmed by Sun et al., 2012[34] who found that 
TiO2 NPs markedly accumulated and augmented production 
of ROS in the lung of mouse after administration by intra-
tracheal route and increasing the period of exposure. Also, 
other authors stated that some factors such as TNF-α, nuclear 
factor erythroid 2 (Nrf 2) and heme oxygenase are increased 
as a compensatory action to the oxidative stress caused by 
exposure to TiO2[35,36].

Vacuolation of cytoplasm of pneumocytes type II 
observed in this study was due to release of lamellar 
bodies and absence of their uptake by pneumocytes type 
II, in this case surfactant was released in interstitium and 
is phagocytosed by macrophages. This agrees with Crim 
and Simon, 1988[37] who attributed the impaired function 
of pneumocytes type II to the injurious effect caused by the 
released reactive oxygen metabolites.  Besides, the observed 
significantly increased pneumocytes type II indicates cellular 
hyperplasia which suggests the proliferation trial of type II 
cells for regeneration of the injured epithelium[38].

Dilated congested thick walled blood vessels that were 
about to rupture was also a finding in this study. It occurred 
as a result of injury to epithelial cells by the nanoparticle. 
This was confirmed by Dodd and Jha, 2008[39] who reported 
that nanoparticles can activate macrophage, neutrophil and 
epithelial cells, which can produce ROS that attach to the 
epithelial cells in vessel wall causing their injury and lead to 
hemorrhage in alveolar wall and spaces[40].

In this study, the pathological changes observed in the 
treated group weren’t markedly observed in the protected 

group; this means that β-carotene had a significant protection 
to the lung against TiO2 NPs toxicity. An explanation for 
this is that β-carotene can enter the cells rapidly because it 
is a lipophilic substance that passes easily through biological 
membranes. Via the provitamin A activity of β-carotene, 
it can protect lipoprotein and cellular membranes against 
oxidative damage, this is another possible explanation for 
this protective effect[41,17].

CONCLUSION                                                                          

It can be concluded from this study that β-carotene may 
be considered a beneficial medication that can guard against 
pulmonary toxicity induced by titanium nanoparticles.
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الملخص العربى

التأثير السام لجزيئات ثاني أكسيد التيتانيوم النانونية على رئة ذكر الجرذ الأبيض البالغ 
والدور الوقائى المحتمل للبيتا كاروتين: دراسة مجهرية ضوئية والكترونية 

ولاء عبد الحليم رشاد، علا على عبد الوهاب 

قسم التشريح الآدمى وعلم الأجنة - كلية الطب - جامعة الزقازيق

الخلفية: تستخدم جسيمات ثاني أكسيد التيتانيوم النانونية عادة فى المجالات الطبية الحيوية والدوائية والصناعية، لكن 
آثارها الضارة بدأت تتزايد أيضًا بشكل مثير للقلق. كما يعتبر البيتا كاروتين مضادا للأكسدة ويمكن أن يحمي من الأثار 

السمية التي تسببها جسيمات ثاني أكسيد التيتانيوم النانونية.
الهدف من الدراسة: هودراسة التغيرات النسيجية في أنسجة الرئة الطبيعية في الجرذان البيضاء بعد تناولها جسيمات 

ثاني أكسيد التيتانيوم وتقييم تأثير الحماية المحتمل للبيتا كاروتين.
تم  الي 4 مجموعات. مجموعة معالجة  فأر وتقسيمهم  استخدام 40  تم  الدراسة  المستخدمة: في هذه  المواد والطرق 
يومًا   14 لمدة  يومياً  البريتوني  بالحقن  النانوية  التيتانيوم  أكسيد  ثاني  جسيمات  من  كغم  مجم/  جرعة 300  اعطاؤها 
ومجموعة محمية واحدة تلقت 10 مجم / كجم من البيتا الكاروتين عن طريق الفم لمدة 7 أيام قبل ولمدة 14 يوم بعد 
اعطاء 300 مجم/ كغم من جسيمات ثاني أكسيد التيتانيوم النانوية  إلى جانب مجموعة ضابطة واحدة ومجموعة واحدة 
تلقت فقط 10 مجم / كجم من البيتا الكاروتين. ثم تم صبغ عينات من نسيج الرئة بصبغة الهيماتوكسيلين والأيوسين 

وصبغة التوليدين الأزرق كما تم إجراء دراسة البنية التحتية والتحليل الاحصائي.
النتائج: وقد أظهرت النتائج حدوث تغيرات نسيجية ملحوظة في المجموعة المعالجة مثل تفرغ سيتوبلازم النوع الثاني 
من خلايا الأكياس الرئوية وفقدان النمط المميز للهيئات الصفيحية وتمدد واحتقان الأوعية الدموية الرئوية كما أظهرت 
النتائج المورفومترية سماكة الحواجز مابين الحوبصلات الهوائية وزيادة أعداد كلا من البلاعم والخلايا الرئوية من 
النوع الثانى مقارنة بالمجموعة الضابظة. وقد حافظ اعطاء البيتا كاروتين مع جسيمات ثاني أكسيد التيتانيوم النانوية  

بشكل كبير على بنية الرئة الطبيعية في المجموعة المحمية.
 الاستنتاج:  يمكن أن نستنتج من هذه الدراسة أن المكملات الغذائية للبيتا كاروتين  يمكن أن تقلل من التأثير الضار 

لجسيمات ثاني أكسيد التيتانيوم النانوية على أنسجة الرئة عبر آلية مضادات الأكسدة.


