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ABSTRACT 

Titanium dioxide nanoparticles (TiO2NPs) are excessively used and represent one of the top five most commonly 

used nanoparticles worldwide. Recently, various studies referred to their toxic potential on various organs using 

different treatment route. The present study was carried out to evaluate the potential protective role of blackberry 

and selenium (Se) against (TiO2NPs)-induced oxidative stress and histological changes in liver and heart tissues of 

rats. Rats were divided into seven groups according to the treatment into control, Titanium dioxide treated group 

(TiO2NPs) (500 mg/kg b.w.), Black berry (Bb) treated group (1.6 g/kg body), Selenium (Se) (0.5 mg/kg;), 

(TiO2NPs)plus Bb and (TiO2NPs)plus Se and the last group treated with combination of (TiO2NPs) plus Bb and Se. 

All the Animals were treated orally for 30 successive days. (TiO2NPs) increased alkaline phosphatase (ALP), 

aspartate aminotransferase (AST), alanine aminotransferase (ALT), lactate dehydrogenase (LDH) and γ-glutamyl 

transpeptidase (γ-GT) activities and changed the levels of lipid profile as well as creatinine and uric acid levels. It 

marked decreased hepatic reduced glutathione (GSH) levels, antioxidant enzymes activities and increased the levels 

of lipid peroxidation, C-reactive protein and interleukins. Bb and Se prevented the (TiO2NPs)-induced liver and 

heart injury as indicated by improving all the parameters previously illustrated. Histopathological results confirm 

the biochemical finding and the ameliorating effect of both Bb and Se on liver toxicities and heart failure. In 

conclusion, co-treatment of either Bb or Se possessed different protective mechanisms against (TiO2NPs)-induced 

liver toxicity and heart damage. So, the intake of (TiO2NPs) should be restricted due to its increased toxicity. 

 

Keywords: Titanium dioxide (TiO2NPs); Black berry (Bb); Selenium (Se); Antioxidant enzymes; Oxidative 

biomarkers; Hepatic effect; Heart damage 
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INTRODUCTION 

Nanotechnology means a new set of technologies that are used to develop nanoscale structures and devices with one 

dimension size 1–100 nm with special properties utilized in commercial applications [1]. Nanotechnology promises 

a great contribution to humanity, but without appropriate concept of risks, public confidence in this expanding field 

will diminish [2]. Concern has been raised about the effect of nanoparticles exposure on human health [3]. Titanium 

dioxide (TiO2) is a widely used industrial nanomaterial that was used in various products including sunscreens and 

paints [4]. Therefore, Nano-TiO2 (TiO2NPs) risk assessment should be an integral part nowadays in our modern 

society.  
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Human exposure to TiO2NPs may occur during both manufacturing and use. The major routes of TiO2NP exposure 

that have toxicological relevance in the workplace are inhalation and dermal exposure. Oral exposure, as a nonmajor 

route, may occur from toothpaste, food colorants, and nutritional supplements that contain TiO2NPs.  

In a recent study by Weir et al. [5], they found that candies, sweets, and chewing gums contained the highest amount 

of TiO2. One of the most important natural diets with antioxidant properties is blackberries. Berry fruits, wild or 

cultivated, have been proven to be a traditional and rich source of bioactive compounds, possessing important 

biological activities such as flavonoids (anthocyanin), some minerals (Na, K, Ca, Se, Zn and P), vitamins (vitamin 

A, complex, C and E), phenolic acids (galic, p-coumaric, caffeic, ferulic) and phenolic polymers (ellagic acids) [6]. 

The antioxidant capacity of these berries was related to their constituents, particularly total phenolics and 

anthocyanins [7]. These contents have antioxidants and can improve immunity, playing an antagonistic role of 

protective agent against toxic substances [8]. On the other hand, the induced oxidative stress and the alterations in 

antioxidant systems were normalized by the oral administration of blackberry juice (BBJ). Therefore, it can be 

concluded that blackberry administration could minimize the toxic effects of F indicating its free radical-scavenging 

and potent antioxidant activities [9]. 

Micronutrients are dietary minerals required by the human body in a very small quantity. They probably interact 

with xenobiotic at several sites like, during absorption and excretion, transport of metals in the body, binding to 

target proteins, metabolism and sequestration of toxic metals, and oxidative stress [10]. Besides this, they may also 

serve as required prosthetic groups in active sites or as co-enzymes for indispensable met-alloenzymes. Selenium 

(Se) is an essential trace element and a key component of important enzymes, including the antioxidant glutathione 

peroxidase (GPx) and the iodothyronine deiodinases [11]. A number of selenoenzymes play key roles in protecting 

against oxidative damage [12]. Accumulating evidence suggests that many selenoproteins, which contain Se in the 

form of amino acid selenocysteine, have important enzymatic functions associated with antioxidant activity [13]. 

Selenium is an essential dietary trace element and is always of research interest required for the maintenance of male 

fertility by way of testosterone biosynthesis, formation and normal development of spermatozoa [14]. There are 

many cellular enzymes were leakage into the serum due to change in the cell membrane permeability. Therefore, 

measuring serum activities of marker enzymes as alkaline phosphatase (ALP), aspartate aminotransferase (AST), 

alanine aminotransferase (ALT), lactate dehydrogenase (LDH) and γ-glutamyl transpeptidase (γ-GT) are very 

important in clinical diagnos is to assess the toxicity of any chemical on tissue [15]. Oxidative damage in the tissue 

takes place when there is an imbalance between prooxidants and antioxidants of the cell [16]. The level of lipid 

peroxidation is taken as evidence for oxidative stress [17].  

MATERIALS AND METHODS 

TiO2NPs and their Characterizations 

The TiO2NPs used in this study were a mixture of rutile and anatase forms purchased from Sigma Chemical Co., (St. 

Louis, MO, USA) in the form of odorless and white powder in the nanoscale range <100 nm using Brunauer-

Emmett-Teller (BET)method and <50 nm using X-ray diffraction method with a purity of 99.5% and CAS number 

13463-67-7. TiO2NPs were ultrasonicated in deionized distilled water using the biologics ultrasonic homogenizer 

(Model 150VT) immediately prior to characterization and administration and the pH value of TiO2NPs suspensions 

was 6.8 and characterized using X-ray diffraction (XRD) to identify the crystal phase and the average crystallite 

size. Indeed, the particle size and morphology of TiO2NPs suspensions were detected using transmission electron 

microscopy (TEM) and the dispersion and aggregation status of these nanoparticles in water were determined by the 

dynamic light scattering (DLS) method using particle size distribution and zeta potential analyzer (Zeta sizer Nano 

ZS90, Malven Instruments, UK). 

 

Animal Model 

Animal experiments were carried out after following the European community Directive (86/609/EEC) and national 

rules on animal care that were carried out in accordance with the NIH Guidelines for the Care and Use of Laboratory 

Animals 8
th

 edition. The experimental animals were healthy; inbreed adult male Wistar albino rats, weighing 

approximately 150-200 g (12 weeks of age). The animals were maintained under standard laboratory conditions and 

were allowed to have food and water ad libitum (standard rat feed pellets). All the rats were housed under the 

condition of controlled temperature 26 ± 2°C with 12 h light and 12 h dark exposure. 

 

Experimental Design 

The Wistar rats were divided into seven groups (n=8). Group I was the control animals which were administrated 

distilled water as a vehicle. Group II was treated with titanium dioxide nanoparticles (Tio2NPs) (500 mg/kg) and 
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group III was treated Black berry (1.6 g/kg BW). Group IV was treated with selenium (0.5 mg/kg). Groups V and VI 

were treated with Tio2NPs + Bb and Tio2NPs + Se, respectively and the last group treated with combination of 

Tio2NPs + Bb +Se. All the Animals were treated I.P for 30 successive days. 

 

Sample Collection 

The blood samples were collected from fasted animals overnight by retro-orbital puncture using blood capillary 

under ether anesthesia. Samples were incubated at room temperature for 10 minutes and centrifuged at 3000 r.p.m 

for 20 min. Serum was collected and kept at –80°C until biochemical investigation.  

 

Preparation of Tissue Homogenates for Measurement of Redox State 

Liver tissues (0.23 g) were used for the analysis of oxidative stress and antioxidant parameters. Tissues were 

perfused with a 50 mM of sodium phosphate buffer (100 mM Na2HPO4/NaH2PO4, pH 7.4), 0.25 M sucrose and 0.1 

mM ethylene diamine tetra-acetic acid (EDTA). Then, tissues were homogenized in 5 mL cold buffer/g tissue using 

a Potter–Elvehjem homogenizer. The homogenates were centrifuged at 10,000 xg for 20 min at 4ºC for estimating 

enzymatic assays and was centrifuged at 2500 xg for lipid peroxidation level, and the resultant supernatant 

transferred into Eppendorf tubes that preserved in a deep freeze until being used. 

 

Hepatic and Renal Functions Determination 

Serum lactic dehydrogenase (LDH) activity (EC. 1.1.1.27) was determined by the method of King [18]. Aspartate 

and alanine aminotransferases (EC. 2.6.1.1, EC. 2.6.1.2) were assayed by the Reitman and Frankel [19]. Alkaline 

phosphatase (ALP) activity (EC. 3.1.3.1) was estimated according to Young et al. [20]. γ-GT activity (EC. 2.3.2.2) 

was determined by Orlowski and Meister [21]. Albumin level was determined according to a method of Bowers and 

Wong [22]. The total protein content was estimated by the method of Bradford [23]. The serum total cholesterol 

(TC) and triglycerides (TG) were determined by the method of Carr et al. [24]. Methods of Warnick et al. [25] was 

used to determine the high-density lipoprotein–cholesterol (HDL–c). Serum low-density lipoprotein–cholesterol 

(LDL–c) level was calculated according to Friedewald [26] formula: LDL-c = ¼ Total cholesterol levels – 

(Triglyceride concentration/5) – HDL-c concentration while VLDL-c = triglyceride/5. Levels of creatinine and uric 

acid were determined according to the methods of Fossati et al. [27], respectively. The level of urea was estimated 

according to the method of Patton and Crouch [28]. Bilirubin level was determined by using Sigma – Aldrich kit 

(MAK 126). 

 

Inflammation Markers  

The levels (IL-6 and TNF-α) were measured in liver homogenates by using a quantitative enzyme-linked 

immunosorbent assay (ELISA) with monoclonal antibodies specific for rat (IL-6 and TNF-α). They were purchased 

from Immuno-Biological Laboratories Co., Ltd (IBL) the USA. Serum C-reactive protein (CRP) was determined 

according to the method reported by Wener et al. [29] using SEA821- Enzyme-linked Immunosorbent Assay Kit. 

 

Prooxidation and Antioxidant  

In the liver tissues, lipid peroxidation was determined as described by Ohkawa et al. [30]. Superoxide dismutase 

(SOD) and catalase (CAT) were measured according to Marklund and Marklund [31] and Aebi [32], respectively. 

The activity of glutathione peroxidase (GPx) was estimated by the methods of Hafeman et al. [33]. Reduced 

glutathione (GSH) levels in the tissues were estimated by the method of Couri and Abdel-Rahman [34]. 

Myeloperoxidase (MPO) activity was measured by the method of Suzuki et al. [35]. Xanthine oxidase (XO) activity 

was assayed according to the method described by Litwack et al. [36].  

 

Single Cell Gel Electrophoresis (SCGE) (Comet assay) 

(Liver) pieces of the treated and control groups were placed into a small Petri dish with an ice-cold mincing solution 

(Ca
2+

- and Mg
2+

-free HBSS containing 20 mM EDTA and 10% DMSO). The viability of the cells of both examined 

organs was indirectly determined by analyzing the comet images after electrophoresis [37]. The samples were cut 

into smaller pieces, using a disposable microtome razor blade, and the solution was aspirated. Then, a fresh mincing 

solution was added and the samples were minced again to finer pieces. Resulting cell suspensions were collected 

and filtered (100 μm nylon meshes). All samples were stocked on ice in appropriate conditions to avoid light until 

the comet assay procedures. The comet assay was performed under alkaline conditions, according to a previously 

described standard protocol Collins and Dunsinka [38]. Briefly, an aliquot of 5 μl of each prepared cell suspension 

was mixed with 120 μl of 0.5% low melting point agarose at 37°C and layered onto conventional microscope slides, 

precoated with 1.5% normal melting point agarose. The slides were placed overnight in freshly prepared cold lysing 
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solution (1% Triton X-100, 2.5 mM NaCl, 0.1 mM Na2EDTA, 10 mM Tris with 10% DMSO, pH 10.0) and then in a 

horizontal electrophoresis cube with alkaline electrophoresis solution (0.3 M NaOH, 1 mM Na2EDTA, pH >13) at 

4
o
C for 20 min. The electrophoresis was performed at 25 V and 300 mA for 20 min. After electrophoresis, the slides 

were washed twice for 5 min in neutralizing buffer (0.4 M Tris-HCl, pH 7.5), fixed for 5 min in absolute alcohol, 

air-dried, and stored at room temperature. In order to evaluate extremely low molecular weight DNA diffusion, two 

slides from each animal were removed after lysis procedure, rinsed with a neutralizing solution, fixed and air-dried, 

and stored until analysis. Immediately before analysis, the DNA was stained with 50 μl of 20 μg/mL ethidium 

bromide. The slides were examined with a 40X objective lens with epi-illuminated fluorescence microscopy 

(Olympus-Bx60, excitation filter: 515-560 nm; barrier filter: 590 nm) attached to a color CCD video camera and 

connected to an image analysis system (Comet II, Perspective Instruments, UK). The Comets were analyzed by a 

visual scoring method and computerized image analysis. To quantify DNA damage, tail length (TL), tail DNA (%) 

(TDNA) and tail moment (TM) were analyzed using Comet Assay Project Software (CAPS), generally, 50-100 

randomly selected cells are analyzed per sample. 

 

Histological Evaluation 

Parts of the liver and Heart were fixed in formalin (10%) and embedded in paraffin, sectioned as well as stained with 

hematoxylin and eosin [39]. The sections were examined by light microscope and photographed using a digital 

camera. The data in each group were reported based on the sum of the score histological criteria (overall score) 

using Kruskal-Wallis test SPSS (n=8). 

 

Statistical Analysis 

Data are expressed as a mean ± standard error (SE). All data were analyzed with the SPSS for windows statistical 

package (version 20.0, SPSS Institute Inc., Cary, North Carolina). Statistical significance between the different 

groups was evaluated by One Way-Analysis of Variance (ANOVA). When the groups showed significant difference 

then Tukey’s multiple comparisons was followed and values of P<0.05 were considered as significant.  

RESULTS 

Biomarkers of Hepato-Renal Assessment 

Serum ALT activities of TiO2NPs groups were increased significantly when compared with control group (Table 1). 

Treatment of the rats with Se and/or Bb with TiO2NPs decreased the activity of ALT significantly as compared with 

TiO2NPs alone. The same observation has been noticed in the AST, ALP, LDH and γ-GT activities that elevated by 

treatment by TiO2NPs and decreased by the treatment of the rats with Bb or Se combined with TiO2NPs (Table 1). 

The total protein and albumin levels decreased in TiO2NPs -treated rats depend on the dose but increased in the 

groups treated with the Bb, Se and TiO2NPs (Table 1). The lipid profile (TG, TC, LDL-c, and VLDL-c) were 

increased (Table 2). Administration of either Bb and/or Se to the TiO2NPs -treated groups restored all the 

parameters cited above. Urea, uric acid, creatinine, and bilirubin were measured to investigate the renal functions 

(Table 1). The significantly increased levels of all parameters in TiO2NPs administration group were observed. The 

increase in urea level was noticed by increasing the doses as compared to control for TiO2NPs. The uric acid levels 

were increased significantly in TiO2NPs treated group as compared to control. Treatment of the rats with TiO2NPs 

elevated the creatinine levels as compared to control, respectively. The total bilirubin was increased in dose-

dependent manner as the effect of TiO2NPs. Treatment the rats with Bb and/or Se and TiO2NPs improved the level 

renal functions parameters significantly as compared with each its relative TiO2NPs. 

 

Hepatic Antioxidant  

Changes in serum hepatic antioxidant enzymes and thiol level in male rats treated with TiO2NPs and Bb and/or Se 

were presented in Table 3. Serum MPO and XO activities were increased as the effect of TiO2NPs while the thiol 

level decreased. They were improved when rats treated with Bb and/or Se and TiO2NPs. 

Treatment with TiO2NPs alone caused an increase in C-reactive protein; these elevations were dose-dependent 

(Figure 1). The presence of Se or Bb in combination with TiO2NPs modulated the elevation in C-reactive protein 

and maintained the levels closer to the normal values. Data presented in Figure 2 showed that treatment with 

TiO2NPs caused a significant increase in the level of TNF-α. It was increased significantly as compared to control. 

However, the concurrent administration of Se and/or Bb to the rats treated with TiO2NPs significantly decreased the 

levels of TNF-α as compared with its relative TiO2NPs treatment group only. In dose-dependent manner, IL-6 levels 

increased in TiO2NPs as compared to control, respectively (Figure 2). However, Se or Bb returned the IL-6 levels to 

almost the normal level when treated before the administration of TiO2NPs. The results revealed an increase of LPO 
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in the liver of the TiO2NPs -treated group in dose-dependent manner as evidenced by the enhanced malondialdehyde 

levels in the liver homogenates of adult rats (Figure 3). The Administration of Se or Bb combined with TiO2NPs 

alleviated LPO significantly and modulated the MDA levels in the liver (Table 4). In the liver homogenates of 

TiO2NPs -treated rats, SOD, CAT, and GPx activities decreased significantly, when compared to controls. 

Administration of Bb and/or Se with TiO2NPs ameliorated the antioxidant enzymes group when compared to 

TiO2NPs -group. A significant decrease of GSH and non-protein thiol (NPSH) levels in liver was evident in 

TiO2NPs -group when compared to controls (Table 3).  

 

 

Figure 1: XRD images of biosynthesized TiO2NPS 

 

Figure 2: SEM images of biosynthesized TiO2NPS 
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Figure 3: Histological observation 

Histological Observation 

Light microscopic examination indicated a normal structure of the liver in the controls and rats that treated with Se 

or Bb. Histopathological slides of the liver stained with hematoxylin and eosin in (A) control groups of rat showing 



HA Attia and RZ Hamza   J. Chem. Pharm. Res., 2017, 9(5):156-163  
_____________________________________________________________________________________________ 

160 
 

normal central vein (CV) with normal hepatocytes (Black arrow) and normal nuclei (400X) ; (B) cross section of rat 

liver treated with black berry (showing normal liver tissue with normal central vein (CV) surrounded by cords of 

polyhedral hepatocytes with central nuclei (Black arrow) and eosinophilic cytoplasm (400X); (C) cross section of rat 

liver treated with selenium showing normal liver tissue with normal central vein (CV) surrounded by cords of 

polyhedral hepatocytes with central nuclei (Black arrow) and eosinophilic cytoplasm (400X); (D) Titanium dioxide 

nanoparticles treated group (150 mg/kg) showing markedly dilated congested central vein (*) and aggregates of 

inflammatory cells in the portal tract (Black arrow) (400X); (E) Titanium dioxide nanoparticles combined with black 

berry showing slightly congested central vein (**) and few aggregated of inflammatory cells (Yellow arrow) with 

moderate fatty change (Green arrow) (400X).; (F): Titanium dioxide nanoparticles combined with selenium treated 

animals showing mildly congested central vein (mcv) and mild aggregates of inflammatory cells (Yellow arrow) 

with enlargement of nuclei size (Black arrow) with moderate fatty change (Green arrow) (400X). (G) Titanium 

dioxide nanoparticles combined with selenium and black berry treated animals showing mild aggregates of 

inflammatory cells with moderate fatty change (400X). 

Table 1: Changes in hepatic and renal functions in male rats treated with titanium dioxide (TiO2NPS) Black berry extract (Bb) and/or 

Selenium (Se) 

Parameters Control TiO2NPS Black berry Selenium TiO2NPS + Bb TiO2NPS + Se TiO2NPS +Bb+ Se 

ALT (U/L) 12.33 ± 0.32 
159.88 ± 

10.39a,b 
12.38 ± 0.12 11.38 ± 0.62 20.65 ± 2.698c 21.88 ± 2.39 15.03 ± 1.36 

AST (U/L) 15.36 ± 1.36 
190.69 ± 

11.69a 
11.85 ± 2.58 13.95 ± 1.36 22.39 ± 3.25c 23.39 ± 4.25 19.66 ± 2.96 

ALP (U/L) 60.59 ± 3.68 189.29 ± 8.69a,b 55.06 ± 3.02 58.36 ± 4.23 50.36 ± 4.36c 70.36 ± 5.36b 66.84 ± 3.68 

LDH (U/L) 
143.56 ± 

7.69 
785.69 ± 9.65a,b 144.95 ± 9.36 

141.95 ± 

9.36 
202.69 ± 6.39c 220.98 ± 5.36b 163.03 ± 5.39 

γ-GT U/L 5.36 ± 1.02 9.02 ± 2.36a 5.30 ± 0.66 5.20 ± 1.06 6.48 ± 2.36c 6.25 ± 1.69b 5.96 ± 1.69 

Total proteins (g/dL) 8.43 ± 1.36 4.32 ± 1.02a 8.48 ± 1.09 8.68 ± 1.69 7.39 ± 1.69c 6.25 ± 2.02b 7.63 ± 1.26 

Albumin (g/dL) 4.39 ± 0.65 2.98 ± 0.98a 4.31 ± 0.29 4.61 ± 0.69 4.01 ± 0.96c 3.02 ± 0.54b 4.01 ± 0.69 

Urea (g/dL) 20.36 ± 3.65 38.39 ± 6.25a 19.34 ± 2.26 18.36 ± 3.23 24.23 ± 3.25c 28.36 ± 3.25b 22.59 ± 1.69 

Uric acid (g/dL) 13.02 ± 2.02 28.36 ± 5.02a 12.65 ± 1.02 13.65 ± 3.02 18.03 ± 2.62c 20.36 ± 3.02b 15.03 ± 1.69 

Creatinine (g/dL) 0.52 ± 0.09 2.35 ± 0.45a 0.58 ± 0.47 0.51 ± 0.07 0.67 ± 0.32c 0.87 ± 0.16b 0.79 ± 0.11 

Total bilirubin (mg/dL) 1.25 ± 0.32 3.77 ± 0.35a 1.41 ± 0.32 1.20 ± 0.22 1.56 ± 0.32c 1.68 ± 0.65b 1.51 ± 0.96 

Values are expressed as means ± SE; n=8 for each treatment group. 

Bb: Black berry extract; TiO2NPs: Titanium dioxide; Se: Selenium; ALT: Alanine transaminase; AST: Aspartate transaminase; ALP: Alkaline 

phosphatase; LDH: Lactic dehydrogenase; γ-GT: Gamma glutamyl transferase. a significant difference as compared to control, b significant 
difference as compared to TiO2NPs and c significant difference as compared to its relative group of TiO2NPs (P ≤ 0.05) 

 

Table 2: Changes in lipid profile in male rats treated with titanium dioxide (TiO2NPS) Black berry extract (Bb) and/or Selenium (Se) 

Parameters Control TiO2NPS Black berry Selenium TiO2NPS + Bb TiO2NPS + Se TiO2NPS +Bb+ Se 

Triglycerides (mg/dl) 
108.03 ± 

4.25 

188.09 ± 

5.03a,b 
109.36 ± 3.65 

110.69 ± 

4.22 
128.06 ± 6.06c 130.09 ± 9.03b 117.96 ± 4.69 

Total Cholesterol (mg/dl) 60.25 ± 2.03 180.96 ± 9.35 58.36 ± 2.65 65.69 ± 3.65 79.06 ± 6.03c 82.03 ± 3.06b 71.52 ± 4.36 

HDL-c 42.95 ± 5.36 26.06 ± 2.69a,b 42.53 ± 2.98 41.03 ± 4.98 37.06 ± 4.23c 36.98 ± 3.02b 38.03 ± 3.69 

LDL-c 19.06 ± 1.66 33.95 ± 3.28a,b 19.18 ± 1.36 20.18 ± 2.36 25.69 ± 3.25c 26.35 ± 3.02b 22.56 ± 2.69 

vLDL-c 21.60 ± 2.03 37.61 ± 5.03a 20.13 ± 2.06 21.13 ± 2.06 25.62 ± 3.06c 24.15 ± 4.35b 22.09 ± 3.68 

Values are expressed as means ± SE; n=8 for each treatment group. 

Bb: Black berry extract; TiO2NPs: Titanium dioxide; Se: Selenium; HDL-c: High density lipoprotein of cholesterol; LDLc: Low density 
lipoprotein of cholesterol; VLDL-c: volatile low density lipoprotein of cholesterol. a significant difference as compared to control, b significant 

difference as compared to TiO2NPs and c significant difference as compared to its relative group of TiO2NPs (P ≤ 0.05) 

Table 3: Changes in hepatic antioxidant enzymes and thiol level in male rats treated with titanium dioxide (TiO2NPS) Black berry 

extract (Bb) and/or Selenium (Se) 

Parameters Control TiO2NPS Black berry Selenium TiO2NPS + Bb TiO2NPS + Se TiO2NPS +Bb+ Se 

Hepatic myeloperoxidase (MPO) 

(nmol/min/mL) 

17.06 ± 

1.36 

30.66 ± 

3.62a,b 
17.06 ± 2.36a 

18.36 ± 

2.30 
24.85 ± 2.36c 23.08 ± 3.02b 19.06 ± 1.69c 

Hepatic xanthine oxidase (XO) (U/g) 
15.03 ± 

2.36 
36.06 ± 
4.36a,b 

14.69 ± 3.03a 
16.20 ± 

1.36 
22.36 ± 2.03c 23.89 ± 3.08b 18.63 ± 1.69c 

Hepatic thiol (μmol/g) 8.39 ± 2.03 
10.69 ± 

1.96a,b 
8.03 ± 1.03a 7.33 ± 1.36 6.58 ± 1.69c 6.20 ± 1.87b 9.25 ± 1.69c 

Values are expressed as means ±SE; n=8 for each treatment group. 
Bb: Black berry extract; TiO2NPs: Titanium dioxide; Se: Selenium; MPO: Myloperoxidase; Xo: Xanthine oxidase. 

asignificant difference as compared to control, b significant difference as compared to TiO2NPs and c significant difference as compared to its 
relative group of TiO2NPs (P ≤ 0.05) 
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Table 4: Changes in hepatic, spleen and cardiac antioxidant enzymes (MDA, CAT, GRx) in male rats treated with titanium dioxide 

(TiO2NPS) Black berry extract (Bb) and/or Selenium (Se) 

Parameters 
MDA (nmol/g) CAT (U/g) GRx (mol/g) 

Liver Liver Liver 

Control 2.03 ± 0.25 4.56 ± 1.02 5.39 ± 1.23 

TiO2NPS 15.39 ± 2.52 1.99 ± 0.65 1.35 ± 0.36 

Black berry 2.02 ± 0.12 4.65 ± 1.36 5.44 ± 1.74 

Selenium 2.10 ± 0.32 4.35 ± 1.22 5.41 ± 1.03 

TiO2NPS + Bb 12.08 ± 1.52 2.36 ± 1.02 2.32 ± 0.65 

TiO2NPS + Se 13.06 ± 2.03 2.69 ± 0.69 3.56 ± 0.48 

TiO2NPS +Bb+ Se 8.47 ± 1.36 3.96 ± 0.96 4.03 ± 0.98 

Values are expressed as means ±SE; n=8 for each treatment group. 

Bb: Black berry extract; TiO2NPs: Titanium dioxide; Se: Selenium; MDA: Malondialdhyde; CAT: Catalase; GRx: Glutathione reduced. 
a significant difference as compared to control, b significant difference as compared to TiO2NPs and c significant difference as compared to its 

relative group of TiO2NPs (P ≤ 0.05) 

DISCUSSION 

The present study concerned on the biochemical and histopathological changes to prove that Bb and/or Se has an 

ameliorative effect on TiO2NPS induced hepatic damage and cardiotoxicity. Increasing the activities of AST, ALT, 

ALP, LDH and γ-GT in serum indicated that damage has occurred in the membrane structure that could be due to 

the presence of reactive oxygen species (ROS) produced during the oxidative stress. These results are in agreement 

with Choudhary and Devi [40] that found the many xenobiotics change the biochemical parameters of rats. These 

elevations could be due to oxidative stress induced by TiO2NPS and causing an imbalance in the membrane 

permeability. Elevated levels of serum enzymes are indicative of cellular leakage and loss of functional integrity of 

cell membranes in the liver are indicators of tissue injury [41]. 

The decreasing levels of serum albumin and protein also suggest an adverse effect of ROS that produces during 

TiO2NPS metabolism on the formation ability of the liver. Hypercholesterolemia has been considered a risk factor 

for hepatic injury as all the lipid profile parameters were changed. The liver is the main organ responsible for 

cholesterol metabolism [42]. The present study showed that TiO2NPS induced changes in lipid metabolism, and 

could be involved in the development of hypercholesterolemia as reported by Prokić et al. [43]. Jang et al. [44] 

found that hypercholesterolemic atherosclerosis was associated with increases in ROS, which plays an importance 

role in the development of atherosclerosis and cardiovascular diseases as the effect of TiO2NPS. 

The significant increase of urea and creatinine could be due to the toxic effect of TiO2NPS on kidney and that could 

cause renal dysfunction. These effects reduced glomerular filtration rate and retention of urea and creatinine as 

reported by Amin et al. [45]. Many pathological changes extending to cellular damage occur if the balance between 

oxidants and anti-oxidants cannot be maintained in tissues. Oxidative stress damage with free radical generation and 

overwhelming LPO are indication of TiO2NPS toxicity. In the current study, MDA and C-reactive protein levels in 

ASP group were significantly increased and accompanied by an attendant decrease in the activities of antioxidant 

enzymes (SOD, CAT, GPx) as well as GSH and total protein levels in the liver tissues when compared with control 

group. The present study reports the hepatotoxic, cardiotoxic and genotoxic effect of TiO2NPs. Moreover, exposure 

to TiO2NPs produces mild to moderate change in the cytoarchitecture of liver and heart tissue. We hypothesized that 

those different toxic and genotoxic effects might lead to Alzheimer’s disease incidence. From the present Comet 

assay, results report the genotoxic potential of TiO2NPs on liver cells. Those results were in agreement with 

Landsiedel et al. [46]; they published a review that describes various knowledge about genotoxicity declare the 

evidence of TiO2NPs genotoxicity represented by micronuclei development, as an indicative of chromosomal 

damage and DNA damage. Comet assay and the detection of in vitro mammalian chromosomal aberrations are the 

most commonly used test systems to assess genotoxicity. TiO2NPs have the efficiency to lead to oxidative burst that 

can be represented by the immediate production and release of superoxide anions (O2-) that convert to multiple ROS 

such as hydrogen peroxide (H2O2), hydroxyl radicals, and peroxynitrites. The excess anions can diffuse from the 

plasma membrane and damage the proteins, lipids, and DNA of neighboring cells, especially hepatocytes, and might 

lead to hepatotoxicity. Therefore, TiO2NPs exposure might lead to the incidence of the most common degenerative 

disorders [47]. Improving all the antioxidant parameters and decreasing LPO by Bb administration with TiO2NPs in 

the present study could be related to the antioxidant properties of Bb. We can conclude that Bb administration could 

minimize the toxic effects of TiO2NPs indicating its free radical-scavenging and potent antioxidant activities as 

reported before by Hassan and Abdel-Aziz [9] reported that the total pigment extract from blackberries exhibited 

strong antioxidant activity against LPO in a linoleic acid model system and scavenging capacities toward superoxide 
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anion radicals, generated by a pyrogallol autoxidation system or by an illuminating riboflavin system, hydroxyl 

radicals generated by Fenton reaction, and nitrite. The antioxidant activities and health benefits are related to Bb 

high anthocyanin and phenolic content. Anthocyanins and their derivatives protect against a variety of oxidants 

through a number of mechanisms. They can protect cell membrane lipids from oxidation, protect the amino acid 

tyrosine from the highly reactive oxidant peroxynitrite [48] and interfere with the dangerous hydroxyl radical-

generating system – a major source of oxidants in the [49]. Also, it has been suggested that anthocyanins and non-

anthocyanin phenolics in Bb act synergistically or additively in producing the observed beneficial effects through 

their ability to act as either antioxidants or prooxidants in some biological environments [50]. 

In fact, histological changes seen in the liver of rats treated with TiO2NPs are characterized by extensive 

degenerative changes, varying from ballooning degeneration to complete cell necrosis and infiltration of 

mononuclear cells in hepatic lobules as seen essentially in dams [51]. These histological changes could be correlated 

with biochemical alterations, especially contents of thiobarbituric acid reactive substances in liver and heart that 

were significantly increased in adult rats.  

Our study revealed that the effect of Se on normal control rat was significant improvement in testicular function. 

These results were in agreement with Brown and Arthur and Agarwal et al. [14,52] as they concluded that the 

administration of antioxidants such as Se to normal animals, not suffering from induced oxidative stress, also 

appears to improve general biochemical function. Se was a potent inducer of serum humoral immune response (IgG 

and IgM) in rats either alone or with high doses of SA. These results can be confirmed by the observation of Packer 

et al. [53] who noticed that Se played a role in the immunity function. In the meanwhile, TiO2NPs induced the 

secretion of inflammatory cytokine, TNF- α which plays a role in activating T cells and rejecting tumor cells [54]. 

Thus, could be clarifying the ability of SA to induce TNF- α underlie its enhancement of natural immunity. 

Decreased TNF-α level after Se administration might have resulted into the modulation of above mentioned 

biochemical changes resulting into amelioration of hepatic architecture The present results showed that treatment 

with Se alone caused a significant decrease in the levels of serum TNF- α as compared with the TiO2NPs. 

Selenium is an important part of the enzyme GPx [55]. This enzyme destroys peroxides before they can damage 

body tissues. Antioxidants are known to reduce oxidative radical-induced reactions.  

CONCLUSION 

In conclusion, the results showed that TiO2NPS causes Hepatic and cardiac damage with appeared genotoxicity and 

consequently affects their functions as indicated by remarkable biochemical as well as histological changes. Bb and 

Se greatly provided protection from these changes and decreased the injury induced by TiO2NPS. Therefore, the 

intake of TiO2NPS should be restricted and taken with Bb and/or Se when it is used in food or beverages to diminish 

its hazardous toxic effect.  

REFERENCES 

[1] V Murashov. Occupational exposure to nanomedical applications. Wiley Interdisciplinary Reviews: 

Nanomedicine and Nanobiotechnology. 2009, 1(2):203-13. 

[2] PA Schulte; MK Schubauer-Berigan; C Mayweather; CL Geraci; R Zumwalde; JL McKernan. J Occup 

Environ Med. 2009, 51(3), 323-335. 

[3] M Ayoub; N Ahmed; N Kalaji; C Charcosset; A Magdy; H Fessi; A Elaissari. J Biom Nanotechnol. 2011, 

7(2), 255-262. 

[4] KS Hougaard; P Jackson; KA Jensen; JJ Sloth; K Löschner; EH Larsen; RK Birkedal; A Vibenholt; AM 

Boisen; H Wallin; U Vogel. Part Fibre Toxicol. 2010, 7(1), 16. 

[5] A Weir; P Westerhoff; L Fabricius; K Hristovski; N Von Goetz. Environ Sci Technol. 2012, 46(4), 2242-

2250. 

[6] PJ Facchini; DA Bird; B St-Pierre. Trends Plant Sci. 2004, 9(3), 116-122. 

[7] GD Stoner. Cancer Prev Res. 2009, 2(3), 187-194. 

[8] WB Dunn; DI Ellis. Trac-Trend Anal Chem. 2005, 24(4), 285-294. 

[9] HA Hassan; AF Abdel-Aziz. Food Chem Toxicol. 2010, 48(8), 1999-2004. 

[10] MA Peraza; F Ayala-Fierro; DS Barber; E Casarez; LT Rael. Environ Health Persp. 1998, 106, 203. 

[11] MP Rayman. Lancet. 2000, 356(9225), 233-241. 

[12] K El-Bayoumy; R Sinha. Mutat Res-Fund Mol M. 2005, 591(1), 224-236. 

[13] VN Gladyshev; DL Hatfield. J Biomed Sci. 1999, 6(3), 151-160. 

[14] KM Brown; JR Arthur. Public Health Nutr. 2001, 4(2b), 593-599. 



HA Attia and RZ Hamza   J. Chem. Pharm. Res., 2017, 9(5):156-163  
_____________________________________________________________________________________________ 

163 
 

[15] MT Yakubu; LS Bilbis; M Lawal; MA Akanji. Nigerian J Pure App Sci. 2003, 18(1), 395-400. 

[16] H Sies. Exp Physiol. 1997, 82(2), 291-295. 

[17] RZ Hamza; HA Ismail; NS El-Shenawy. J Basic Clin Physiol Pharmacol. 2016. 

[18] J King. The transferases alanine and aspartate transaminases. In: Practical clinical enzymology. Van 

Nostrand Company Limited, London, 1965, 121-138. 

[19] S Reitman; S Frankel. Am J Clin Pathol. 1957, 28(1), 56-63. 

[20] YD Choi; KH Rha; HK Choi. J Urology. 1999, 162(4), 1508-1511. 

[21] M Orlowski; A Meister. J Biol Chem. 1965, 240(1), 338-347. 

[22] LD Bowers; ET Wong. Clin Chem. 1980, 26(5), 555-561. 

[23] MM Bradford. Anal Biochem. 1976, 72(1-2), 248-254. 

[24] TP Carr; CJ Andresen; LL Rudel. Clin Biochem. 1993, 26(1), 39-42. 

[25] GR Warnick; J Benderson; JJ Albers. Am Assoc Clin Chem. 1983, 10, 91-99. 

[26] WT Friedewald; RI Levy; DS Fredrickson. Clin Chem. 1972, 18(6), 499-502. 

[27] P Fossati; L Prencipe; G Berti. Clin Chem. 1980, 26(2), 227-231. 

[28] C Patton; S Crouch. Anal Chem. 1977, 49, 464-469. 

[29] MH Wener; PR Daum; GM McQuillan. J Rheumatol. 2000, 27(10), 2351-2359. 

[30] H Ohkawa; N Ohishi; K Yagi. Anal Biochem. 1979, 95(2), 351-358. 

[31] S Marklund; G Marklund. Eur J Biochem. 1974, 47(3), 469-474. 

[32] H Aebi. Method Enzymol. 1984, 105, 121-126. 

[33] DG Hafeman; RA Sunde; WG Hoekstra. J Nutr. 1974, 104(5), 580-587. 

[34] D Couri; MS Abdel-Rahman. J Environ Pathol Tox. 1979, 3(1-2), 451-460. 

[35] K Suzuki; H Ota; S Sasagawa; T Sakatani; T Fujikura. Anal Biochem. 1983, 132(2), 345-352. 

[36] G Litwack; JW Bothwell; JN Williams; CA Elvehjem. J Biol Chem. 1953, 200(1), 303-310. 

[37] D Endoh; OK Toyo; S Ozawa; O Yamato; KO Yasuhiro; J Arikawa; M Hayashi. J Vet Med Sci. 2002, 

64(9), 761-765. 

[38] AR Collins; M Dunsinka. Oxidation of cellular DNA measured with the comet assay. In D Armstrong, 

Methods in Molecular Biology: Oxidative stress Biomarkers and antioxidant Protocols, Humana Press, 

New Jersy, 2002, 147-159. 

[39] RA Gabe. Techniques histologiques [Histological Techniques]. Masson Publisher, Paris, 1986. 

[40] AK Choudhary; RS Devi. Asian Pac J Trop Dis. 2014, 4, S403-S410. 

[41] M Abhilash; MS Paul; MV Varghese; RH Nair. Food Chem Toxicol. 2011, 49(6), 1203-1207. 

[42] M Evans; N Khan; A Rees. Curr Opin Lipidol. 1999, 10(5), 387-392. 

[43] MD Prokić; MG Paunović; MM Matić; NZ Đorđević; BI Ognjanović; AŠ Štajn; ZS Saičić. Arch Biol Sci. 

2015, 67(2), 535-545. 

[44] W Jang; NH Jeoung; KH Cho. Mol Cells. 2011, 31(5), 461-470. 

[45] KA Amin; HM Al-Muzafar; AH Elsttar. Indian J Exp Biol. 2016, 54, 56-63. 

[46] R Landsiedel; MD Kapp; M Schulz; K Wiench; F Oesch. Mutat Res-Rev Mutat. 2009, 681(2), 241-258. 

[47] HR Mohamed; NA Hussien. Scientifica. 2016, 2016. 

[48] T Tsuda; Y Kato; T Osawa. FEBS letters. 2000, 484(3), 207-210. 

[49] Y Noda; T Kneyuki; K Igarashi; A Mori; L Packer. Toxicology. 2000, 148(2), 119-123. 

[50] SN Nichenametla; TG Taruscio; DL Barney; JH Exon. Crit Rev Food Sci. 2006, 46(2), 161-183. 

[51] H Bouaziz; L Soussia; F Guermazi; N Zeghal. Fluoride. 2005, 38(3), 185. 

[52] A Agarwal; S Gupta; S Sikka. Curr Opin Obstet Gyn. 2006, 18(3), 325-332. 

[53] L Packer; SU Weber; G Rimbach. J Nutr. 2001, 131(2), 369S-373S. 

[54] K Tanigawa; RA Craig; LM Stoolman; AE Chang. J Immunother. 2000, 23(5), 528-535. 

[55] NV Dimitrov, DE Ulrey, S Primack, C Meyer, PK Ku, ER Miller. Selenium as a metabolic modulator of 

phagocytosis. In: Selenium in biology and medicine: Part A, Van Nostrand Reinhold Co, NewYork, 1987, 

254. 

 


