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Abstract 
 

Background & Objective: Nano titanium dioxide particles (TiO2) are chemical compounds that are 

widely used in industrial and foodstuff such as cosmetics, toothpaste, colored materials, and non-fat 

milk whitening. Vitamin E (Vit E) is a dietary compound that functions as an antioxidant scavenging 

free radicals. The goal of this study was to carry out the protective effect of vitamin E on 

histomorphometry, oxidative stress factors and biochemical parameters as well as testosterone 

concentration.  

Materials & Methods: In the present study, 35 adult male mice were divided into 7 control and 

experimental groups. The experimental groups received TiO2 at 2.5, 5 and 10 doses, and the positive 

control group received vitamin E (100 IU) mg/kg alone (by gavage tube). After treatment, animals 

were euthanized by cervical dislocation and testes samples were taken. The level of p<0.05 was 

considered significant.  

Results: The results of histomorphometry revealed that the weight of testis and body, testicular 

capsule thickness, seminiferous tubules diameter, germinal epithelium height, spermiogenesis and 

meiotic indices were reduced while sertoli cells and repopulation index had no significant changes. 

Also, biochemical results showed the Malondialdehyde was enhanced and it diminished the total 

antioxidant capacity, catalase enzyme activity, protein content, as well as testosterone concentration. 

(p<0.05).  

Conclusion: The TiO2 nanoparticles caused detrimental pathologic effects when used at the highest 

doses. However, vitamin E could ameliorate the toxic effects of TiO2-induced on testicular tissue in 

experimental animals. 
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Introduction 
Titanium dioxide nanoparticles (TiO2) are an 

inflammable, odorless, and white powder this is 

widely used in cosmetics, food preservation, 

medicine , and other products. However, studies  
 

 

 
have highlighted the adverse potential toxic 

effects of TiO2 (1). 

Titanium dioxide has three isoforms including 

anatase, rutile, and brookite. The titanium 

dioxide properties have been reported that 

erythrocytes intoxicated with nano-sized TiO2 

exhibited abnormal sedimentation, hemolysis 

and hemagglutination unlike their micro-sized on 

the contrary (2). Besides, one of the major 

applications of TiO2 is sun protection (2). It has 
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been demonstrated that the photocatalytic 

activity of anatase form is higher than that of 

rutile form (3). Furthermore, the anatase form is 

mostly used for sterilization materials and other 

productions. Several studies have reported that 

the TiO2 has no toxic effects, while it is stated 

that TiO2 may induce cytotoxic pathological 

impacts on living cells (4). In one study, IV 

administration of TiO2 to animal models led to its 

accumulation of organs and/or tissues (5). 

Another study demonstrated that titanium 

dioxide and other nanoparticles could enter the 

brain tissue via inhalation and olfactory nerves 

(6). Observations have shown that after 

intranasal injection, titanium dioxide could be 

found as a pathway for conduction into the 

central nervous system and then accumulated in 

some organs consisting of the cerebral cortex, 

olfactory nerve tract, hippocampus, and thalamus 

(7). More studies have reported that TiO2 

nanoparticles induce intracellular reactive 

oxygen species (ROS) and can affect the 

biological activity of cells (8-10). Wang et al. 

stated that the influence of Nano-titanium oxide 

could induce hepatic and renal injuries after 

chronic exposure to nanoparticles (7). Chen et al. 

indicated that after intraperitoneal injection of 

TiO2, it was accumulated in spleen, liver, kidney. 

It also induced hepatocellular necrosis, 

apoptosis, hepatic fibrosis, and interstitial 

pneumonia (11). Simultaneous use of titanium 

dioxide and silver nanoparticles not only leads to 

translocation into maternal bloodstream but also 

their metabolites can cross the blood-placental 

barrier to reach the prenatal mouse. Hence, the 

newborn embryos exposed to nanoparticles 

demonstrate several disorders caused by 

teratogenicity, mutagenicity, genotoxicity and 

reactive oxygen species (ROS) production (12). 

Recent studies have reported that food safety 

problems gradually dissolved in the field of 

nanotechnology using supplementary materials 

in the world (13-15). Studies have revealed that 

when titanium dioxide penetrates the cells and 

mitochondria, it can generate free radicals by 

mitochondrial suppressing activation in the 

body. In line with this, the free radicals, Reactive 

Oxygen Species, play an important role in the 

induction of adverse effects on testes (16). Many 

studies have shown that the toxic effects of TiO2 

nanoparticles are in a size-dependent manner (6, 

16, 17). However, some studies have revealed 

that the toxicity of TiO2 nanoparticles did not 

depend on particle size (13, 14, 16). Therefore, in 

the present experimental study, mice were given 

titanium dioxide as an oxidative stress inducer 

and vitamin E as an antioxidant combination via 

gavage. The purpose of this study was to assess 

the protective effects of vitamin E against TiO2 

induced on histoarchitecture and antioxidant 

machinery in testicular tissue. 

 
Materials & Methods 

Animals and Treatments 

Thirty-five adult male albino mice (NMRI 

strain) with an approximate weight of 30-35 gr 

were obtained from the animal house of the 

Faculty of Pharmacy, University of Mashhad, 

Mashhad, Iran. The animals were acclimatized 

for two weeks under laboratory standard 

conditions in terms of temperature, humidity, and 

12hrs light/dark cycle before the beginning of the 

experiment and then food (in form pellet) and tap 

water access to ad libitum. This study was 

approved by the Ethics Committee of Faculty of 

Veterinary Medicine, University of Mashhad, 

Mashhad, Iran. The animals were randomly 

divided into seven main groups with five mice in 

each group. The groups were labeled as the first 

group: Negative-Control group (without any 

substance), the second group: Control-Shem 

group (received only distilled water), the third to 

fifth groups considered as treatment groups: (2.5, 

5, and 10 mg/kg, BV, daily) respectively, the 

sixth group: 10 mg/kg + vit E (vitamin E 

administered after 2 hours' oral administration of 

high dose) and the seventh group: Positive-

Control group (only vitamin E). Both titanium 

dioxide and vitamin E were administered orally 

with a gavage needle. As a vehicle, TiO2 and 

vitamin E dissolved in distilled water and olive 

oil, respectively. After 35 days, the testicles were 

harvested and blood samples were taken from the 

heart with heparin syringe and centrifuged for 

assessment of testosterone levels. Also, the 

removed testes were transmitted to 10% fixative 

solution.  

  

Samples preparation 

The tissue sections were prepared and stained 

using hematoxylin and eosin. Then, the sections 

were cut at 6-7 µm by rotary microtome section 

(Microm, GMBH, Type HM 335 E, Germany). 

All histological parameters were measured by the 

latticed and graded lens (Periplan GF 10X/18 M, 

Leitz Wetzlar Germany). Moreover, testis and 

total body weight were measured (Table 1). 
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Chemical materials 

Titanium dioxide (TiO2, CAS Number: 1317-

70-0, purity: 99.7%) and vitamin E (CAS 

Number: T3376-5G) were obtained from Sigma-

Aldrich company. 

Histological assessments 

For histomorphometry study, the tubules well-

developed spermatozoa were considered as 

tubules with a positive spermiogenesis index 

(SPI). Positive repopulation index (RI) were 

assessed the ratio of spermatogonia type B (with 

a dark nucleus) to spermatogonia type A (with a 

light nucleus). The percentages of seminiferous 

tubules with SPI, and RI were performed in 25 

per cross-sections from the mouse testis of each 

animal in each group and the results were 

compared among all groups. The diameter of 

seminiferous tubules and the thickness of 

germinal epithelium were investigated using a 

graded lens. Then, data analysis results were 

expressed in micrometer. To evaluate the round 

spermatid cells relative to primary spermatocytes 

of seminiferous tubules considered as Meiotic 

index (MI). Moreover, the ratio of the number of 

germ cells to the number of sertoli cells was 

randomly computed in 25 seminiferous tubules 

per section (18).  

Malondialdehyde (MDA) assay 

After the homogenizing testis, 0.20 g of the 

testicular tissue sample was transferred to 0.05 M 

phosphate buffer with pH= 7.40 (10% w/v). 

Blood samples were centrifuged at 1000 rpm. 

Afterwards, 150 µg of the supernatant of the 

sample was removed and 300 µg of 10% 

trichloroacetic acid was added and centrifuged at 

1000rpm for 10 min. Also, 300 µL of the 

supernatant was transferred to the test tube and 

incubated with 300 µL of 0.67% thiobarbituric 

acid (TBA) at 100 ◦C for 25 min. After 5 min, the 

pink color resulted from the reaction between 

MDA and TBA was measured using a 

spectrophotometer at 535 nm wavelength. The 

MDA concentration was computed using MDA 

absorption coefficient and expressed as nmol/g 

tissue (19). 

Total antioxidant capacity (TAC) assay 

The total antioxidant capacity (Randox Elisa 

Kit) of testicular tissue was evaluated using ferric 

reducing antioxidant power method. The 

regeneration rate of each sample was assessed 

through increasing the concentration of Fe+2 

complex with tripyridile triazine at 593nm 

wavelength via spectrophotometry (20). 

Serum testosterone levels 

Testosterone concentration was measured by an 

ELISA method using the IDEAL kit (ab108666 

Abcam). 

Catalase enzyme activity examination 

Catalase enzyme activity was assessed based on 

its ability to decompose H2O2 in homogenized 

testicular tissue using Aebi method (21). 

Protein assay 

The rate of protein content was measured in 

testis tissue using Lowry method (22). 

Table 1. Total body and testicular weights and Histomorphometrical characteristics in mice seminiferous tubules 

Groups 

Index 
Control Sham LD-TiO2 MD-TiO2 HD-TiO2 Vit E+TiO2 Vit E 

Total testicular 

weight (gr) 
1.57±0.26a 1.57±0.17a 1.52±0.17a 1.42±0.15b 0.85±0.17c 1.57±0.17a 1.57±0.26a 

Total body 

weight (gr) 
27.03±1.32a 27.23±1.26a 27.39±1.22a 27.08±1.57a 23.96±1.24b 28.5±1.33a 27.66±1.45a 

Testicular  

capsule 

thickness (μm) 

10.32±1.95a 11.18±3.03a 11.69±3.06a 9.80±1.99a 7.57±2.28b 11.69±1.91a 11.69±1.33a 

Seminiferous 

tubules 

diameter(μm) 

195.79±20.03a 191.66±28.22a 181.86±18.93a 157.42±8.50b 132.99±8.09c 209.21±12.08a 198.72±14.79a 

Germinal 

epithelium 

height (μm) 

56.43±14.36a 53.68±8.11a 57.46±12.84a 41.12±4.51b 43.7±4.30b,c 64.86±9.69a 66.75±10.63a 
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Statistical Analysis 

Data analyses were performed using SPSS 

(version, 22) software for windows. One-way 

ANOVA and Tukey Tests were done to assess 

statistical differences between treated and 

untreated animals. The data were expressed as 

Mean±Standard deviation (p < 0.05). 

 
Results  

Macroscopic findings 

Macroscopic observations consisted of 

hepatomegaly, splenomegaly and internal organ 

adhesions. 

Histomorphometric findings 

The results of this study showed that The total 

testicular weight was decreased in mid and high 

doses of TiO2 in comparison with the control 

group. Whereas no significant difference 

between control, sham and a low dose of treated 

groups (p < 0.05; Table 1). Also, total body 

weight had significantly diminished in the 

highest dose of treatment versus the control 

group but there were no significant differences 

between mid and a low dose of TiO2 (Table 1). 

Our results of this study exhibited that a decrease 

of testicular capsule thickness in the highest dose 

receiving was seen alone. While no significant 

changes between low and mid dosages of treated 

groups compared to control and/or sham. 

Accordingly, a significantly decreased 

seminiferous tubule diameter was observed in 

mid and high dosages of TiO2 treatment in 

comparison with control (p < 0.05; Table 1). 

Also, there was a significant difference between 

mid and high doses. However, there were no 

changes in the low dose of TiO2 treated group 

compared to the control and sham groups (p < 

0.05; Table 1). A decreased germinal epithelium 

height was seen in mid and high doses of treated 

groups versus the control (Fig 1C-D). While the 

receiving of mid and high dosages of TiO2 had 

no significant difference when compared to each 

other (p < 0.05; Table 1). Sertoli cell and 

repopulation indices results showed that there 

were no significant differences in all treated and 

untreated groups (p < 0.05; Table 2). Likewise, 

the spermiogenesis index was diminished in 

treated groups, especially in the highest dose of 

TiO2, compared to the ones but there were no 

changes between control and sham groups (Table 

2). Meanwhile, the mean of the meiotic index had 

significantly decreased in all of the treated 

groups compared to control. This reduction of 

meiotic index most was in the group receiving 

the highest dose of TiO2-induced. So, in all 

treated animals had a significant difference in 

comparison with the other each (Table 2). The 

results of biochemical parameters exhibited that 

the testicular malondialdehyde (MDA) was 

significantly increased in mid and high doses 

treatment compared to the control group. 

However, there were no significant changes 

between them. Results of testicular total 

Table 2. Histomorphometric characteristics of mice testis 

Groups 

Index 
Control Sham LD-TiO2 MD-TiO2 HD-TiO2 Vit E+TiO2 Vit E 

Sertoli cell 

index 
23.46±2.47a 24.53±2.09a 26.33±5.39a 23.53±2.35a 21.26±2.25a 23.53±2.35a 24.93±1.57a 

Repopulation 

index (SB/SA) 
4.24±0.91a 4.14±1.08a 3.88±0.55a 3.61±0.51a 3.90±0.53a 3.74±0.49a 3.83±0.36a 

Spermiogenesis 

index 
81.73±4.60a 84.8±5.68a 75.2±5.01b 80.73±6.38a,b 58.13±3.85c 80.33±7.05a,b 85.93±6.98a,b 

Meiotic index 0.46±0.07a 0.43±0.09a 0.75±0.21b 0.62±0.08c 0.54±0.09d 0.53±0.09a 0.57±0.09a,d 
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antioxidant capacity (TAC) had decreased in the 

groups of mid and high dosages versus the 

control group. Also, there were significant 

changes when compared with each other. While 

any alterations were not observed in a low dose 

compared to the ones (Table 3). Catalase enzyme 

activity had significantly diminished in the 

experimental groups compared to the control 

group. This reduction was significant in high 

dose versus low and mid dosages. However, 

there were no significant differences in 

comparison with each other. Also, the enzymatic 

activity of catalase was decreased in the group of 

vit E+TiO2 compared to the control group. 

Results of protein content showed that the rate of 

protein was reduced in all experimental groups 

versus the control group. Whereas a significant 

decrease was not observed between mid and high 

doses of TiO2 treatment. According to table 3, the 

levels of testosterone hormone had significantly 

reduced in all animals experiment related to the 

control group. In line with that, there were no 

significant changes between mid and high 

dosages. But the group of low dose had 

significantly decreased in comparison with the 

aforementioned groups (p < 0.05; Table 3; Figure 

1).   
 

Table 3. Characteristics of stress oxidative parameters, catalase enzyme and protein content in mice 

Groups 

Index 
Control Sham LD-TiO2 MD-TiO2 HD-TiO2 Vit E+TiO2 Vit E 

Testicular 

MDA (nmol/g) 
13.50±0.02a 13.52±0.03a 13.93±0.01a 20.54±0.11b 22.71±0.57b 13.42±0.11a 13.40±0.11a 

Testicular 

TAC (mM/g) 
2.41±0.01a 2.30±0.005a 2.13±0.03a 1.76±0.02b 1.02±0.07c 2.27±0.05a 2.17±0.05a 

Catalase 

activity (u/mg) 
501.92±2.07a 504.36±0.62a 405±04±3.24b 400.73±1.96b 303.28±1.84c 406.26±4.22b 506.85±2.79a 

Protein content 

(µg/ml) 
194.85±2.57a 198.72±0.91a 183.87±3.60b 173.17±3.97c 170.50±1.96c 193.02±3.21a 197.51±1.61a 

Testosterone 

levels (ng/ml) 
0.39±0.03a 0.39±0.05a 0.30±0.02b 0.23±0.02c 0.19±0.01c 0.40±0.02a 0.36±0.01a 

 

 
Fig. 1. Cross-sections of testis in A) Control, Central Canal with normal sperms (Black arrowhead) and normal spermatogenesis cells 

(Yellow arrowhead); B) Sham, Connective tissue (Black arrowhead) and normal cells (Yellow arrowhead); C) Mid-dose, Interrupted 

cells (Arrowhead); D) High-dose, Note the dissociation of spermatogenesis (Arrowhead); E) Vitamin E + Titanium dioxide, Normal 

cells (Yellow arrowhead) and Artery (Black arrowhead); F) Vitamin E, Note the normal cells (Arrowhead); G) Low-dose, Testicular 

capsule (Black arrowhead) and spermatogenesis cells (Yellow arrowhead). Hematoxylin and Eosin staining. Magnification (X 400). 
*Different letters show significant differences between groups. Numerical values were considered as Mean ± SEM (p < 0.05). 
*LD-TiO2: Low dose titanium dioxide (2.5 mg/kg); MD-TiO2: Mid-dose titanium dioxide (5 mg/kg); HD-TiO2: High dose titanium 

dioxide (10 mg/kg); Vit E+TiO2: Vitamin E+Titanium dioxide. 
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Discussion & Conclusion 
Nanoparticles are frequently used the food 

products such as packaged foods. The toxicity of 

TiO2 NPs acts on the reproductive function of 

animals, which have not received the attention it 

deserves (23). It has been demonstrated that the 

rutile form of TiO2 NPs had a dose-dependent 

significant and adverse effect on the testicular 

mouse after using 100 or 1000 mg/kg (8). 

Besides, this form of TiO2 NP has been deemed 

to be harmless after oral administration with a 

dose of 5 g/kg. However, there are reports that 

the anatase form of TiO2 NPs can cause neural 

tissue damage in rats (12). Thus, this study 

suggests that TiO2 NP may cause more injuries to 

testis tissue and then the concentration of 

testicular and serum MDA, TAC, and 

testosterone levels. In one study, reduced 

fecundity in female drosophila after treatment of 

TiO2. Also, TiO2 caused a reduction of fertility 

and sterility in male mice. Anatase TiO2 NPs 

harmed structurally and functionally testicular 

mouse after a single maternal oral dose of 5 and 

10 mg/kg (Table 1). This is important 

considering that these NPs have previously been 

deemed to be relatively harmless after oral 

administration at dose of 5 g/kg (9). However, 

prenatal exposure to the possibly more harmful 

anatase TiO2 NPs causes neural tissue damage in 

rats (12, 10). Thus, our results suggest that TiO2 

NPs may be more harmful to testicular 

degeneration. It is not known how TiO2 NPs 

cause developmental abnormalities; however, 

the production of ROS is believed to damage 

mammalian germline cells (17). It is probably 

due to the generated intracellular ROS after using 

TiO2 nanoparticle. Moreover, the role of 

oxidative stress in TiO2 toxicity has been 

demonstrated previously (24). 

Studies have reported that Ag NPs had a 

significant adverse impact on the morphological 

changes in zebrafish embryos along with a 

myriad of other toxicological responses (25). 

However, all of the parameters studied here 

approximately diminished, especially with the 

highest dose (10 mg/kg; Table 1). No significant 

effects were seen in parameters of sertoli cells 

and repopulation indices with higher doses (5 

and 10 mg/kg). A previous study demonstrated 

that larger Ag NPs may diminish pupation 

success more than smaller NPs; therefore, 

toxicity may not be easily classified according to 

particle size (26). However, the larger 

nanoparticles up to 10µm have less chance for  

 

cellular absorption, so that they more restricted 

than smaller particles (27). Several studies have 

shown that particles only one tenth-sized were 

not found to cross the rat gastrointestinal mucosa 

(28). Consistently, our macroscopic findings 

exhibited inflammation of gastrointestinal tracts 

and urogenital apparatus only at 10 mg/kg dose. 

Previous studies have demonstrated that 

accumulation of TiO2 NPs can be observed in the 

kidney, liver, lung, and spleen followed by 

intraperitoneal, intravenous, and/or dermal 

administration (5, 11). Wang et al. found that the 

use of TiO2 (5 g/kg) caused hepatic injury after 

oral administration (7). Our findings are 

consistent with Fabian et al. who reported that 

the accumulation of TiO2 in some tissues 

including liver, kidney, lung, and spleen in the 

rat; however, there were no remarkable toxic 

effects seen in these organs (5). In conclusion, 

due to possible public health hazards, general 

awareness regarding the use of titanium dioxide 

should be improved. More studies are needed to 

completely understand the TiO2 influences on 

testiculopathies the cellular and/or molecular 

levels. 
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 آثار تیتانیوم دی اکساید بر بافت بیضه

 پزشکی بالینی دوره
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بررسی آثار بهبودی ویتامین ای بر روی تغییرات مورفولوژیکی و هیستولوژیکی و فاکتورهای 

 سوری تحت درمان با نانو ذرّات تیتانیوم دی اکساید استرس اکسیداتیو در بیضه موش
 

 4، حسین نورانی3، امیر مقدم جعفری*2، احمدرضا راجی1جهانگیرفردرامین 

 

 . دانشکده دامپزشکی، دانشگاه ارومیه، ارومیه، ایران1

 ای، دانشکده دامپزشکی، دانشگاه فردوسی مشهد، مشهد، ایران. گروه بافت شناسی مقایسه2

 ایران. گروه سم شناسی، دانشکده دامپزشکی، دانشگاه فردوسی مشهد، مشهد، 3

 . گروه آسیب شناسی، دانشکده دامپزشکی، دانشگاه فردوسی مشهد، مشهد، ایران4
 

 11/04/1311 :تاریخ پذیرش مقاله                                   22/02/1311 اریخ دریافت مقاله:ت

 دهیچک
صنعتی و غذایی از جمله مواد آرایشی، خمیردندان، نانوذرّات تیتانیوم دی اکساید ترکیبات شیمیایی هستند که در مواد زمینه و هدف: 

یک ترکیب رژیم غذایی که به عنوان یک آنتی اکسیدان E شود. ویتامین مواد رنگی و سفید کردن شیر بدون چربی به وفور استفاده می

بر تغییرات هیستومورفومتری، پارامترهای  Eباشد. هدف از این مطالعه بررسی اثر محافظتی ویتامین های آزاد میمهاری رادیکال

 بیوشیمیایی و استرس اکسیداتیو همچنین غلظت تستوسترون است.

های آزمایشی تیتانیوم دی اکساید را با دوز گروه کنترل و آزمایشی تقسیم بندی شدند. گروه 1موش بالغ نر به  33در مطالعه حاضر،  ها:مواد و روش

واحد بین المللی به صورت خوراکی دریافت کردند. بعد از  100را با دوز  Eلوگرم و همچنین گروه کنترل مثبت ویتامین میلی گرم بر کی 10و  3، 3/2

 دار در نظر گرفته شد.معنی >03/0pهای بیضه اخذ شدند. سطح های گردنی آسان کشی شدند و نمونهتیمار، حیوانات از طریق جابجایی مهره

ای اسپرماتوژنز ههای منی ساز، ارتفاع اپیتلیوم زایا، شاخصهیستومورفومتری نشان داد که وزن بیضه و بدن، ضخامت کپسول بیضه، قطر لولهنتایج نتایج: 

های اسپرماتوگونی تغییرات معناداری نداشتند. همچنین، های سرتولی و ضریب جایگزینی مجدد سلولو میوز کاهش یافتند. در حالی که ضریب سلول

چنین غلظت متایج بیوشیمیایی نشان داد افزایشی در مالون دی آلدئید و کاهشی در ظرفیت آنتی اکسیدانی تام، فعالیت آنزیم کاتاالز، میزان پروتئین هن

 (. >03/0pتستوسترون مشاهده شد )

توانست اثرات سمّی تیتانیوم دی اکساید را  Eگردد. در حالی که ویتامین با دوز باال باعث ایجاد اثرات سوء پاتولوژیکی می 2TiOنانوذرّات نتیجه گیری: 

 بر روی بافت بیضه حیوانات مورد مطالعه بهبود بخشد. 

 

  Eهیستومورفومتری، موش، بیضه، تیتانیوم دی اکساید، ویتامین کلمات کلیدی: 
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