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ABSTRACT    

The aim is to study the possible protection of fig fruit extract with olive oil and date-palm fruit extract (FOD) as 

natural antioxidants in decreasing the subchronic toxicity hazards of silicon oxide nanoparticles (SiO2NPs), 

aluminum oxide nanoparticles (Al2O3NPs), or zinc oxide nanoparticles (ZnONPs) in male rats treated for 75 days. 

We used 80 male Wistar rats distributed into 8 groups (n = 10) according to the experiment. We used various 

antioxidant treatments at their recommended antioxidant doses. All nanoparticles were given orally and daily for 75 

days at doses of 100 mg/kg. The oral administration of different nanoparticles (NPs) alone led to dramatic 

histopathological features, a significant increase in the levels of the TBARS, tumor suppressor p53, and 

inflammatory markers (TNF-α and IL-6) in the renal tissue. In addition, serum kidney function parameters elevated 

significantly in NPs treated groups compared with the control group. On the other hand, the renal TAC, GSH, SOD, 

and TBARS lowered significantly in the renal tissue of rats administered with different NPs compared to the control 

group. The FOD-NPs-treated groups recorded significantly reduced nephrotoxicity effects as compared to the 

groups treated with NPs alone. In Conclusion, administration of FOD provides considerable protective effects 

against NPs-induced subchronic nephrotoxicity in male Wistar rats.  
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1. INTRODUCTION 

Nanotechnology creates products that exhibit 

novel properties (particle size range from 1 to 

100 nm) [1]. The spread of nanotechnology in 

industry causes the possible accumulation of 

nanomaterials in the human body exposed to 

these NPs [2]. Nanoparticles affect various 

physiological systems and may enter the human 

body via various routes and may even cause 

pathological disorders [3].  

The applications of SiO2NPs in industry and 

biomedicine products are promising because they 

possess stabilities and easy modifications [4]. 

Toxicology studies have suggested that SiO2 NPs 

can induce adverse effects in the liver, kidney, 

and brain [5-7]. Al2O3NPs have been used in 

industry [8]. The acute exposure to Al2O3NPs 

causes toxicity in experimental animals [9]. 

ZnONPs are used in food additives and other 
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pharmaceuticals [10, 11]. Subsequently, the 

increased use of ZnONPs causes more concerns 

about their toxicity and inflammatory effects 

[12]. 

The Mediterranean diet contains natural 

products that produce a promising effect on the 

health state [13]. Ficus carica (fig) fruits 

(belonging to the Moraceae family), typically 

Mediterranean species have antioxidant 

properties. The fig fruits contain high levels of 

polyphenols, flavonoids, and anthocyanins [14]. 

Moreover, fig-trees possess multiple therapeutic 

and anti-inflammatory activities against different 

toxins [15]. Olive oil is an important constituent 

of the Mediterranean diet. It contains many 

antioxidants and active compounds responsible 

for its biological activities as oleic acid, 

phenolics (including hydroxytyrosol, tyrosol, and 

oleuropein), and squalene [16]. Phoenix 

dactylifera (belonging to the family Arecaceae  ( is 

one of the species of date palm and is considered 

one of the oldest cultivated fruit trees in the 

Middle East. The flesh of the dates contains a 

higher percentage of carbohydrates, vitamin C, 

vitamin A, vitamin E, vitamin B2, and dietary 

fibers. In addition, it is rich in iron, calcium, 

magnesium, phosphorus, potassium, sodium, 

zinc, and selenium and protects against oxidative 

stress [17-19].  

This study aims to explore the possible 

protective effects of FOD against different 

nanoparticles-induced subchronic nephrotoxicity 

in Wistar rats including renal oxidative stress, 

some biochemical, inflammatory, and 

histopathological alterations in addition to P53 

content in the kidney tissue with a view to its 

possible applications in the clinical field.  

2. MATERIALS AND METHODS 

2.1. Chemicals 

We used chemicals and reagents of high 

analytical grade from standard suppliers. 

2.2. Nanoparticles 

The silicon oxide nanoparticles (SiO2NPs), 

aluminum oxide nanoparticles (Al2O3NPs), or 

zinc oxide nanoparticles (ZnONPs) were 

prepared and characterized in a private laboratory 

(Nanogate Laboratory, Cairo, Egypt). 

2.3. Preparation of nanoparticles (NPs) 

treatments 

The nanoparticles (SiO2NPs, Al2O3NPs, and 

ZnONPs) were suspended in water. This 

suspension was vibrated by vortex for 5 min 

before injection to aid in preparing a 

homogeneous suspension. All nanoparticles were 

given orally by oral gavages for 75 consecutive 

days. All nanoparticles (SiO2NPs [20], Al2O3NPs 

[21], and ZnONPs [22]) were given at doses of 

100 mg/kg according to pilot studies in our lab 

(data not shown) and the given doses were found 

following previously published studies. 

2.4. Plant materials and authorities 

We purchased the extra-virgin olive oil from 

the Grup Pons Company (Spain), the fig fruit 

from Kafoods Ltd. (Turkey), and the date-palm 

fruit from the Al-MADINA AL-MUBARAK 

market (Saudi Arabia). 

2.5. Preparation of crude extracts 

Ficus carica fruit extract was prepared and 

lyophilized according to a previous method [23]. 

The hydroalcoholic extract of the date fruit was 

made and lyophilized according to a previous 

method [24]. 

2.6. Preparation of the antioxidant treatments 

The extra-virgin olive oil was supplemented 

to rats by oral gavage. Every rat received oil in a 

concentration of 7 g/kg body mass [25]. 

The fig and date-palm fruit extracts were 

prepared for supplementation in rats at a 

concentration of 1 g/mL just before the 

experimental use. The selected fig and date-palm 
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fruit doses were calculated based on the human 

recommended antioxidant doses [26] after 

conversion to rat doses. 

2.7. The experimental animals 

The experimental animals used in the present 

study were the mature male Wistar albino rats 

obtained from the Egyptian Holding Company 

for Biological Products and Vaccines 

(VACSERA, Giza, Egypt) and were housed at 

the animal facility, Faculty of Pharmacy, Ain 

Shams University, Cairo, Egypt and provided 

with diet pellets and tap water. Five rats were 

placed into each cage and provided with standard 

diet pellets and drinking tap water ad libitum 

during the experimental period. Animals in all 

experiments remained 2-week acclimatization 

period before treatments. In addition, the animal 

masses were recorded regularly one time per 

week and the animal behaviors were monitored 

daily. 

2.8. Animal welfare 

The in vivo studies were conducted under the 

National Research Centre guidelines for the use 

and care of laboratory animals [27] and were 

approved by an independent ethics committee of 

the Faculty of Pharmacy, Ain Shams University.  

2.9. Experimental design 

A patch of 80 male Wistar albino rats 

average weight of 150-170 g were allowed to 

acclimatize for 2 weeks, and then divided into 8 

groups as represented in Table 1

Table 1. The study design 

Groups Treatment Period 

1. Control diet pellets and tap water   2 W + 75 days 

2. FOD 

extra-virgin olive oil (7 g/kg) and  

freshly prepared fig extract (1 g/kg) and  

date-palm fruit extract (1 g/kg)  

daily and orally. 

 2 W + 75 days 

3. SiO2NPs 
SiO2NPs in doses of 100 mg/kg,  

daily and orally. 
75 days 

4. FOD-SiO2NPs 
FOD and SiO2NPs on the same schedule  

mentioned above in groups II and III. 
2 W + 75 days 

5. Al2O3NPs 
Al2O3NPs in doses of 100 mg/kg,  

daily and orally. 
75 days 

6. FOD-Al2O3NPs 
FOD and Al2O3NPs on the same schedule  

mentioned above in groups II and V. 
2 W + 75 days 

7. ZnONPs 
ZnO in doses of 100 mg/kg,  

daily and orally. 
75 days 

8. FOD-ZnONPs 
FOD and ZnONPs on the same schedule  

mentioned above in groups II and VII. 
2 W + 75 days 

Note: FOD, fig with olive oil and date-palm fruit extracts; SiO2NPs, silicon oxide nanoparticles; Al2O3NPs, aluminum oxide nanoparticles; 

ZnONPs, zinc oxide nanoparticles; W; week
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2.10. Collection of samples 

Samples were collected from each animal 

under anesthesia from the retro-orbital venous 

plexus puncture at the end of the experiment. 

Blood samples were collected in non-heparinized 

tubes and centrifuged at 4000 rpm for 10 min. 

The sera were frozen at -80 ºC for the following 

measurements. After blood sampling, the animals 

were dissected and the kidneys were quickly 

removed and washed with saline, and divided 

into two portions one was used for biochemical 

analysis and the other was used for 

histopathology. The portion used for biochemical 

analysis was homogenized in ice-cold Tris–HCl 

lysis buffer, pH 7.4 using rotor-stator 

Homogenizer, fitted with a Teflon pestle (Omni 

International, Kennesaw, GA, USA). The 

homogenates were centrifuged under cooling at 

3000 rpm for 20 min. The supernatants were 

aliquoted and stored at -80 °C until used. 

2.11. Biochemical study 

2.11.1. Renal oxidative stress parameters 

The measurements of oxidative stress 

markers of the renal tissue (renal total antioxidant 

capacity (TAC), renal reduced glutathione 

(GSH), and renal superoxide dismutase (SOD), 

thiobarbituric acid reactive substances (TBARS)) 

were estimated in the kidney tissue homogenate 

using kits from bio-diagnostic Co. for research 

kits, Egypt. 

2.11.2. Inflammatory markers 

The tumor necrosis factor-alpha (TNF-α) was 

estimated in the kidney tissue homogenate of rats 

by ELISA technique using a kit purchased from 

 MyBioSource, Inc. San Diego, CA 92195-3308: 

USA according to the manufacturer’s instructions 

provided with the TNF-α assay kit (Catalog No: 

MBS2507393). The interleukin-6 (IL-6) was 

estimated in the kidney tissue homogenate of rats 

by ELISA technique using a kit purchased from 

Elabscience Biotechnology, Inc., Texas, USA 

according to the manufacturer’s instructions 

provided with the IL-6 assay kit (Catalog No: E-

EL-R0015).  

2.11.3. Apoptotic Biomarkers Estimation 

The P53/Tumor Protein (p53/TP53) was 

estimated in the kidney tissue homogenate of rats 

by ELISA technique using a kit purchased from 

Cusabio Technology LLC, Houston, USA using 

methods outlined in the diagnostic kit.  

2.11.4. Kidney function tests 

The measurements of serum kidney function 

parameters (creatinine, urea, blood urea nitrogen 

(BUN), and uric acid) were estimated in the 

blood serum using kits from bio-diagnostic Co. 

for research kits, Egypt. 

2.11.5. The histopathological study 

The kidney tissue samples were fixed, 

processed, sectioned, and stained according to 

certain methods [28].  

2.12. Statistical analysis 

The statistical analysis of the results was 

performed by using a statistical SPSS/PC 

program. All values were expressed as mean±SE. 

The results were analyzed using a one-way 

analysis of variance (ANOVA) test followed by 

the least significant difference (LSD) test for 

multiple comparisons. Differences were 

considered statistically significant at p<0.05. 

3. RESULTS 

3.1. The effects of fig with olive oil and date-

palm fruit extracts (FOD) on the oxidative 

stress markers of the renal tissue of male rats 

treated with SiO2NPs, Al2O3NPs, or ZnONPs 

for 75 days are represented in Table 2  

The FOD and FOD-SiO2NPs-treated groups 

show insignificant changes in the TAC, GSH, 

SOD, and TBARS in the renal tissue when 

compared with the control group. 
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The SiO2NPs, Al2O3NPs, and ZnONPs-

treated groups recorded a significant decrease 

(P<0.05) in the TAC (18.71%, 31.37%, and 

36.17%, respectively), GSH (18.44%, 35.62%, 

and 41.65%, respectively), SOD (2.59%, 15.12%, 

and 13.51%, respectively) in contrast to a 

significant increase (P<0.05) in the TBARS 

(75.43%, 203.95%, and 208.94%, respectively) in 

the renal tissue when compared with their 

corresponding values in the control group.  

Similarly, the FOD-Al2O3NPs and FOD-

ZnONPs-treated groups recorded a significant 

decrease (P<0.05) in the TAC (19.10%, and 

21.61%, respectively), GSH (25.04%, and 

31.08%, respectively), SOD (10.00%, and 

10.00%, respectively) in contrast to a significant 

increase (P<0.05) in the TBARS (144.55%, and 

152.61%, respectively) in the renal tissue when 

compared with their corresponding values in the 

control group.  

The FOD-SiO2NPs, FOD-Al2O3NPs, and 

FOD-ZnONPs-treated groups recorded a 

significant increase (P<0.05) in the TAC, GSH, 

and SOD in contrast to a significant decrease 

(P<0.05) in the TBARS in the renal tissue when 

compared with their corresponding values in the 

SiO2NPs, Al2O3NPs, and ZnONPs-treated groups 

respectively. 

Table 2. The effects of fig with olive oil and date-palm fruit extract on the oxidative stress markers of the kidney 

tissue of male rats treated with silicon oxide nanoparticles, aluminum oxide nanoparticles, or zinc oxide 

nanoparticles for 75 days 

Parameters Experimental groups 

  Control FOD SiO2NPs 
FOD-

SiO2NPs 
Al2O3NPs 

FOD-

Al2O3NPs 
ZnONPs 

FOD-

ZnONPs 

Renal TAC 

(μmol/g tissue) 

  

2.31±0.04 2.24±0.06 1.88±0.19a 2.16±0.03b 1.58±0.10a 1.87±0.13a,c 1.47±0.13a 1.81±0.11a,d 

  
-3.20% -18.71% -6.31% -31.37% -19.10% -36.17% -21.61% 

Renal GSH 

(mmol/g tissue) 

  

5.42±0.06 5.40±0.10 4.42±0.15a 5.24±0.14b 3.49±0.22a 4.06±0.24a,c 3.16±0.22a 3.73±0.26a,d 

  -0.39% -18.44% -3.32% -35.62% -25.04% -41.65% -31.08% 

Renal SOD (U/g 

tissue) 

  

160±0.07 160±0.10 156±1.25a 159±1.28b 136±0.33a 144±1.23a,c 138±0.33a 144±1.23a,d 

  
-0.05% -2.59% -0.90% -15.12% -10.00% -13.51% -10.00% 

Renal TBARS 

(nmol/g tissue) 

  

22.6±0.09 22.3±0.43 39.6±2.76a 25.1±1.87b 68.7±1.18a 55.2±2.49a,c 69.8±0.37a 57.1±1.92a,d 

  -1.21% 75.43% 11.04% 203.95% 144.55% 208.94% 152.61% 

Note: Results are the mean ± standard error; %, percent of change from the control value; FOD, fig with olive oil and date-palm fruit extracts; 

SiO2NPs, silicon oxide nanoparticles; Al2O3NPs, aluminum oxide nanoparticles; ZnONPs, zinc oxide nanoparticles; TAC, total antioxidant 

capacity; GSH, reduced glutathione; SOD, superoxide dismutase activity; TBARS, thiobarbituric acid reactive substances. For each parameter: 

ap<0.05, versus control group; bp<0.05, versus SiO2NPs; cp<0.05, versus Al2O3NPs; dp<0.05, versus ZnONPs. N.B: The antioxidants (FOD) were 

used for 2 weeks before and during the administration of the nanoparticles (75 days). 
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3.2. The effects of fig with olive oil and date-

palm fruit extracts (FOD) on the tumor 

suppressor p53 and inflammatory markers in 

the renal tissue of male rats treated with 

SiO2NPs, Al2O3NPs, or ZnONPs for 75 days 

are represented in Figs. 1-3 

The FOD and FOD-SiO2NPs-treated groups 

show insignificant changes in the p53, TNF-α, 

and IL-6 in the renal tissue when compared with 

control values. 

The SiO2NPs, Al2O3NPs, and ZnONPs-

treated groups recorded a significant increase 

(P<0.05) in the p53 (7.87%, 32.96%, and 

39.04%, respectively), TNF-α (8.17%, 72.76%, 

and 132.26%, respectively), and IL-6 (11.77%, 

36.65%, and 29.70%, respectively) in the renal 

tissue when compared with their corresponding 

values in the control group.  
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Fig. 1. The effects of fig with olive oil and date-palm fruit 

extracts (FOD) on the renal tumor necrosis factor-α (TNF-α) 

in rats treated with different nanoparticles (NPs) for 75 days. 
ap<0.05, versus control group; bp<0.05, versus SiO2NPs; 
cp<0.05, versus Al2O3NPs; dp<0.05, versus ZnONPs. N.B: 

The antioxidants (FOD) treatments were used for 2 weeks 

before and during the administration of the nanoparticles. 

Similarly, the FOD-Al2O3NPs and FOD-

ZnONPs-treated groups recorded a significant 

increase (P<0.05) in the p53 (23.88%, and 

25.20%, respectively), TNF-α (50.97%, and 

54.66%, respectively), and IL-6 (21.02%, and 

17.00%, respectively) in the renal tissue when 

compared with their corresponding values in the 

control group.  

 

The FOD-SiO2NPs, FOD-Al2O3NPs, and 

FOD-ZnONPs-treated groups recorded a 

significant decrease (P<0.05) in the p53, TNF-α, 

and IL-6 in the renal tissue when compared with 

their corresponding values in the SiO2NPs, 

Al2O3NPs, and ZnONPs-treated groups, 

respectively. 
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Fig. 2. The effects of fig with olive oil and date-palm fruit 

extracts (FOD) on the renal interleukin-6 (IL-6) in rats 

treated with different nanoparticles (NPs) for 75 days. 
ap<0.05, versus control group; bp<0.05, versus SiO2NPs; 
cp<0.05, versus Al2O3NPs; dp<0.05, versus ZnONPs. N.B: 

The antioxidants (FOD) treatments were used for 2 weeks 

before and during the administration of the nanoparticles. 

Control
FOD

SiO 2
NPs

FOD-S
iO 2

NPs

Al 2
O3

NPs

FOD-A
l 2

O3
NPs

ZnONPs

FOD-Z
nONPs

0

5

10

15

Groups

R
en

a
l 

p
5
3
 (

n
g
/m

g
 p

ro
te

in
)

b

a
a,c a,d

a

a

 

Fig. 3. The effects of fig with olive oil and date-palm fruit 

extracts (FOD) on the renal tumor suppressor p53 (p53) in 

rats treated with different nanoparticles (NPs) for 75 days. 
ap<0.05, versus control group; bp<0.05, versus SiO2NPs; 
cp<0.05, versus Al2O3NPs; dp<0.05, versus ZnONPs. N.B: 

The antioxidants (FOD) treatments were used for 2 weeks 

before and during the administration of the nanoparticles. 
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3.3. The effects of fig with olive oil and date-

palm fruit extracts (FOD) on the serum kidney 

function parameters of male rats treated with 

SiO2NPs, Al2O3NPs, or ZnONPs for 75 days 

are represented in Table 3  

The FOD and FOD-SiO2NPs-treated groups 

show insignificant changes in the creatinine, 

urea, BUN, and uric acid in the serum when 

compared with control values. 

The SiO2NPs, Al2O3NPs, and ZnONPs-

treated groups recorded a significant increase 

(P<0.05) in the creatinine (19.78%, 44.51%, and 

62.64%, respectively), urea (23.71%, 43.14%, 

and 34.57%, respectively), BUN (19.33%, 

31.91%, and 43.13%, respectively), and uric acid 

(10.63%, 19.41%, and 21.80%, respectively) in 

the renal tissue when compared with their 

corresponding values in the control group.  

Similarly, the FOD-Al2O3NPs and FOD-

ZnONPs-treated groups recorded a significant 

increase (P<0.05) in the creatinine (26.92%, and 

44.51%, respectively), urea (24.29%, and 

16.00%, respectively), BUN (15.84%, and 

25.65%, respectively), and uric acid (8.88%, and 

9.95%, respectively) in the renal tissue when 

compared with their corresponding values in the 

control group.  

The FOD-SiO2NPs, FOD-Al2O3NPs, and 

FOD-ZnONPs-treated groups recorded a 

significant decrease (P<0.05) in the creatinine, 

urea, BUN, and uric acid in the renal tissue when 

compared with their corresponding values in the 

SiO2NPs, Al2O3NPs, and ZnONPs-treated 

groups, respectively. 

Table 3. The effects of fig with olive oil and date-palm fruit extract on the serum kidney function parameters of 

male rats treated with silicon oxide nanoparticles, aluminum oxide nanoparticles, or zinc oxide nanoparticles for 

75 days 

Parameters Experimental groups 

  Control FOD SiO2NPs 
FOD-

SiO2NPs 
Al2O3NPs 

FOD-

Al2O3NPs 
ZnONPs 

FOD-

ZnONPs 

Serum Creatinine 

(mg/dL) 

  

0.18±0.00 0.17±0.01 0.21±0.00a 0.19±0.01b 0.26±0.00a 0.23±0.01a,c 0.29±0.02a 0.26±0.01a,d 

  
-5.49% 19.78% 8.24% 44.51% 26.92% 62.64% 44.51% 

Serum Urea 

(mg/dL) 

  

35±2.49 34.7±2.27 43.3±1.85a 38.4±2.42b 50.1±2.40a 43.5±1.45a,c 47.1±2.23a 40.6±2.30a,d 

  -0.86% 23.71% 9.71% 43.14% 24.29% 34.57% 16.00% 

Serum BUN 

(mg/dL) 

  

19.1±1.01 19.0±0.94 22.8±1.30a 21.1±1.06b 25.2±1.19a 22.2±0.66a,c 27.4±1.16a 24.0±1.37a,d 

  
-0.52% 19.33% 10.20% 31.91% 15.84% 43.13% 25.65% 

Serum Uric acid 

(mg/dL) 

  

2.05±0.08 1.99±0.10 2.26±0.09a 2.14±0.06b 2.44±0.05a 2.23±0.06a,c 2.49±0.06a 2.25±0.06a,d 

  -2.88% 10.63% 4.59% 19.41% 8.88% 21.80% 9.95% 

Note: Results are the mean ± standard error; %, percent of change from the control value; FOD, fig with olive oil and date-palm fruit extracts; 

SiO2NPs, silicon oxide nanoparticles; Al2O3NPs, aluminum oxide nanoparticles; ZnONPs, zinc oxide nanoparticles; BUN, blood urea nitrogen. 

For each parameter: ap<0.05, versus control group; bp<0.05, versus SiO2NPs; cp<0.05, versus Al2O3NPs; dp<0.05, versus ZnONPs. N.B: The 

antioxidants (FOD) were used for 2 weeks before and during the administration of the nanoparticles (75 days). 
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3.4. The effects of fig with olive oil and date-

palm fruit extracts (FOD) on the kidney 

histopathological characters of male rats 

treated with SiO2NPs, Al2O3NPs, or ZnONPs 

for 75 days  

The control kidney showed a normal 

morphological appearance. However, the 

antioxidant-treated NPs-administered groups 

(FOD-SiO2NPs, FOD-Al2O3NPs, and FOD-

ZnONPs) recorded significantly ameliorated 

histopathological characters in the kidney tissue 

when compared with their corresponding values 

in the non-antioxidant-treated NPs-administered 

groups (SiO2NPs, Al2O3NPs, and ZnONPs, 

respectively) as indicated in (Table 4 and Fig. 

4). 

Table 4. The effects of fig with olive oil and date-palm fruit extract on the kidney histopathological results of 

male rats treated with silicon oxide nanoparticles, aluminum oxide nanoparticles, or zinc oxide nanoparticles for 

75 days 

 G BS 
Tubules 

Interstitium Medulla 

Lining  Brush border Lumen  

Control 0 0 0 0 0 0 0 

SiO2NPs + + + 0 + + + 

FOD-SiO2NPs 0 0 0 0 0 + 0 

Al2O3NPs + + + 0 0 + + 

FOD-Al2O3NPs 0 0 + 0 0 + + 

ZnONPs ++ + ++ ++ ++ ++ + 

FOD-ZnONPs 0 0 + 0 + + + 

FOD, fig with olive oil and date-palm fruit extracts; SiO2NPs, silicon oxide nanoparticles; Al2O3NPs, aluminum oxide 

nanoparticles; ZnONPs, zinc oxide nanoparticles. 

# Glomeruli (G): (0, average; +, edematous/congested; ++, small-sized/atrophied).  

# Bowman’s spaces (BS): (0, average; +, widened/dilated; ++, obliterated).       

# Tubules 

 Lining:  (0, average; +, edematous/apoptotic; ++, atrophied/necrotic). 

 Brush border: (0, preserved; +, partial loss; ++, complete loss). 

 Lumen: (0, free; +, few/scattered casts; ++, marked intra-tubular casts). 

 # Interstitium: (0, average; +, dilated/congested BV; ++, markedly dilated BV/interstitial hemorrhage).    

# Medulla: (0, average; +, congested capillaries/scattered hyaline casts; ++, marked hyaline casts). 
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Fig. 4. The effects of fig with olive oil and date-palm fruit extracts (FOD) on the microscopic histological 

appearance of livers treated with different nanoparticles (NPs) for 75 days. A, higher power view of the control 

kidney showing average glomeruli (G) with average Bowman’s spaces (BS), average proximal tubules (P) with 

preserved brush borders (black arrows), average distal tubules (D), and average interstitium (blue arrow); B, FOD-

treated group renal medulla showing average collecting tubules (CT) with average epithelial lining (black arrow) and 

average peri-tubular capillaries (blue arrow); C, SiO2NPs-treated group showing atrophied glomerulus (G) with 

widened Bowman’s space (BS), proximal tubules (P) with mildly edematous epithelial lining (black arrow), intra-

tubular hyaline casts (blue arrow), and mildly congested blood vessels (red arrow); D, FOD-SiO2NPs-treated group 

showing average glomeruli (G) with average Bowman’s spaces (BS), proximal tubules (P) with average epithelial 

lining (black arrow), and average interstitium (blue arrow); E, Al2O3 NPs-treated group showing average glomerulus 

(G) with average Bowman’s space (BS), proximal tubules (P) with mildly edematous epithelial lining (black arrow) 

and mildly congested interstitial blood  vessels (blue arrow); F, FOD-Al2O3NPs-treated group showing average 

glomerulus (G) with average Bowman’s space (BS), proximal tubules (P) with mildly edematous (black arrow) and 

apoptotic epithelial lining (blue arrow); G, ZnO NPs-treated group showing atrophied glomerulus (G) with widened 

Bowman’s space (BS), proximal tubules (P) with edematous epithelial lining (black arrow), and areas of interstitial 

hemorrhage (Hge) with mild inflammatory infiltrate (blue arrow); H, FOD-ZnO NPs-treated group showing average 

glomerulus (G) with average Bowman’s space (BS), proximal tubules (P) with mildly edematous (black arrow) and 

apoptotic epithelial lining (blue arrow). 
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4. DISCUSSION 

Recently,  more nanomedicines have been 

already approved by the  U.S. Food and  Drug  

Administration  (FDA)  for human use  [29]. 

With the progress in the nanotechnology field, 

there may be an increase in the exposure of 

humans to nanoparticles, so further urgent studies 

are required to study the possibility of any 

detrimental health impacts, target organs damage 

as well as their mechanisms [30]. 

The present study confirmed the renal 

toxicity of rats treated with SiO2NPs, Al2O3NPs, 

or ZnONPs [31-34] which indicated that these 

toxicities may be mediated through induction of 

oxidative stress, and lipid peroxidation, systemic 

inflammation, and renal toxicity. Due to their 

small size, the NPs can travel to different organs 

of the body when ingested. The mechanism(s) of 

the kidney cytotoxicity induced by nanoparticles 

might be due to enhanced production of reactive 

oxygen species ROS leading to oxidative stress 

and lipid peroxidation and induction of 

inflammatory pathways [3, 35].  

Regarding the oxidative stress markers, the 

SiO2NPs, Al2O3NPs, and ZnONPs-treated groups 

recorded a significant depletion of TAC, GSH, 

SOD, and CAT and a significant increase of 

TBARS as compared to the control group. These 

results are in agreement with previous studies 

[22, 32, 34, 36] which reported a significant 

depletion in the antioxidant system accompanied 

by a dramatic fall in the antioxidants after 

SiO2NPs, Al2O3NPs, or ZnONPs administration. 

The lipid peroxidation products (TBARS) are 

correlated with increased production of ROS so, 

considered a useful marker of oxidative stress. In 

addition, TBARS played an important role in 

determining the NPs (SiO2NPs, Al2O3NPs, or 

ZnONPs) toxicity [32, 36]. The cells are 

equipped with several natural enzymatic (SOD 

and CAT) and non-enzymatic (GSH) endogenous 

antioxidant defenses to combat oxidative stress 

[37]. The treatments with SiO2NPs, Al2O3NPs, or 

ZnONPs lead to the depletion of these 

endogenous antioxidants [22, 32]. In agreement, 

Guan et al. [38] and Zhang et al. [3] recorded 

that SiO2NPs, Al2O3NPs, or ZnONPs 

administration cause oxidative stress leading to 

DNA damage and cytotoxicity in the kidney.  

The results obtained in the present study 

showed that the extra-virgin olive oil with fig and 

date-palm fruit extracts are quite safe products 

and they have not resulted in any adverse effects 

when administered to rats [39-43].  

The present study demonstrated that the 

antioxidant-treated NPs-administered groups 

(FOD-SiO2NPs, FOD-Al2O3NPs, and FOD-

ZnONPs) recorded significantly ameliorated 

oxidative stress markers in the kidney tissue 

when compared with their corresponding values 

in the non-antioxidant-treated NPs-administered 

groups (SiO2NPs, Al2O3NPs, and ZnONPs, 

respectively). The treatment with FOD revealed 

the presence of numerous and varied antioxidants 

and those diverse natural antioxidants acted 

synergistically [40, 44]. The free radical toxicity 

in the present study was counteracted by the FOD 

treatment which might be attributed to the 

protective activity of the plant antioxidants since 

they are complex mixtures of many chemicals 

[45]. 

The SiO2NPs, Al2O3NPs, and ZnONPs-

treated groups recorded a significant increase in 

the renal TNF-α and renal IL-6 when compared 

with their corresponding control values which 

revealed the inflammatory reaction appeared after 

rats exposed to these NPs as agreeing with [46] 

who concluded that the pro-inflammatory 

cytokines (TNF-α, IL-6, and IL-Iβ) could play an 

important role in regulating immunity. In 

agreement, Faddah et al. [47] found that the 

elevation in serum inflammatory markers 

including TNF-α, IL-6, and CRP due to NPs 
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ingestion induced nephrotoxicity. 

The SiO2NPs, Al2O3NPs, and ZnONPs-

treated groups recorded a significant increase in 

the p53 when compared with their corresponding 

control values. It is agreeing with the fact that 

oxidative stress can stimulate apoptotic cell death 

[48]. Tumor suppressor genes regulate diverse 

cellular activities including programmed cell 

death. In addition, p53 known as a potent 

prooxidant protein, down-regulates intracellular 

ROS levels, thus reducing the probability of 

genetic alterations and apoptosis [49, 50]. In 

agreement, different NPs such as SiO2NPs or 

ZnONPs caused DNA damage and apoptosis in 

the kidney tissues [32, 51]. 

Our results showed that FOD effectively 

reduced inflammatory markers and p53 induced 

by the NPs-administration. These results revealed 

that FOD contains a strong antioxidant effect, 

and since they contained high amounts of 

phenolic compounds, they have been reported as 

free radical scavengers and have therapeutic 

effects against tissue inflammatory, cancer 

(tumor suppressor), and cardiovascular diseases 

[40, 52, 53]. 

The kidney function parameters of urea, 

creatinine and uric acid levels were markedly 

increased by SiO2NPs, Al2O3NPs, or ZnONPs 

administration in the present study. In kidney 

damage, these biomarkers were released into the 

bloodstream from the proximal cells. In 

agreement, the elevated concentration of these 

biomarkers indicates proximal cell destruction 

[54], and the inflammatory cells were infiltrated 

into the renal tissue after oral ingestion of 

SiO2NPs, Al2O3NPs, or ZnONPs in rats [55]. 

Also, in agreement, Yan et al. [51] and Yousef et 

al. [22] demonstrated that ZnONPs and 

Al2O3NPs exhibited toxicological symptoms 

implying the potential renal damage. In addition, 

the in vitro research indicated the NP's 

cytotoxicity to kidney cells [56, 57]. 

The most sensitive biochemical markers in 

the diagnosis of renal damage are the retention of 

creatinine and urea in the blood [58]; therefore, 

the significant increase in these biomarkers 

indicates kidney functional damage [59]. The 

higher improvement in the antioxidant markers 

by concomitant administration of FOD in the 

present study could be explained by Allouche et 

al. [60] who stated that olive oil by its richness in 

carotenoids, tocopherols,  vitamin  E, and 

polyphenols as potential antioxidants properties 

acting as ROS scavenger as well as increasing the 

activity of antioxidant enzymes. In agreement, 

the hydroxytyrosol of FOD was reported to be an 

effective scavenger. Administration of 

hydroxytyrosol to the albino rats prevented 

kidney toxicity [61]. The decrease in uric acid 

level may be due to FOD treatment that enhances 

GSH concentration and inhibits XDH conversion 

to XO that catalyzes purine degradation, 

hypoxanthine, and xanthine metabolism to uric 

acid [40]. 

The kidney damage caused by SiO2NPs, 

Al2O3NPs, or ZnONPs in the present study is 

further confirmed by histopathological 

examination, which showed many pathological 

features such as degeneration of the epithelial 

cells of various renal tubules, distorted 

corpuscles, capillaries shrinkage, and 

inflammatory infiltration in various tubules. 

These data are in line with the previous studies 

[22, 62, 63].  

The significantly ameliorated 

histopathological characters recorded at the FOD-

SiO2NPs, FOD-Al2O3NPs, and FOD-ZnONPs 

when compared with their corresponding values 

in the non-antioxidant-treated NPs groups could 

be attributed to the antioxidant effect of FOD due 

to their varied phenolic compounds, which were 

able to donate a hydrogen atom to the free 

radicals, thus stopping the propagation chain 

reaction during the lipid peroxidation process  
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[40, 64]. 

Conclusion 

According to the results obtained in the 

present study, the administration of extra virgin 

olive oil with fig and date palm extracts (FOD) 

provides considerable protective effects against 

different NPs-induced subchronic nephrotoxicity 

in male Wistar albino rats. In addition, the 

administration of FOD revealed a synergistic 

effect of the combination between them to 

produce a broad spectrum of antioxidative 

activities that creates an effective defense system 

against the free radical attack.  

Declarations  

Ethics approval and consent to participate  

The study protocol was approved by the 

Research Ethical Committee, Faculty of 

Pharmacy, Ain Shams University, and conducted 

according to the regulations and 

recommendations of the ethical guidelines and 

complied with the guide for the care and use of 

laboratory animals.   

Consent to publish  

All authors have read and agreed to the 

published version of the manuscript. 

Availability of data and materials  

Data analyzed during this study are all 

included in the main manuscript. 

Competing interests  

No competing interests were declared by the 

authors. 

Funding statement 

No funding source was received  

5. REFERENCES 

1. Oberdörster, G., Oberdörster, E., and 

Oberdörster, J., Nanotoxicology: an emerging 

discipline evolving from studies of ultrafine 

particles. Environmental health perspectives, 

2005. 113(7): p. 823-839. 

2. Dağlıoğlu, Y. and Yılmaz Öztürk, B., Effect 

of concentration and exposure time of ZnO-

TiO2 nanocomposite on photosynthetic 

pigment contents, ROS production ability, and 

bioaccumulation of freshwater algae 

(Desmodesmus multivariable). Caryologia, 

2018. 71(1): p. 13-23. 

3. Zhang, Y., Bai, Y., Jia, J., Gao, N., Li, Y., 

Zhang, R., Jiang, G., and Yan, B., 

Perturbation of physiological systems by 

nanoparticles. Chemical Society Reviews, 

2014. 43(10): p. 3762-3809. 

4. Xu, Y., Wang, N., Yu, Y., Li, Y., Li, Y.-B., 

Yu, Y.-B., Zhou, X.-Q., and Sun, Z.-W., 

Exposure to silica nanoparticles causes 

reversible damage of the spermatogenic 

process in mice. PloS one, 2014. 9(7): p. 

e101572. 

5. Nemmar, A., Yuvaraju, P., Beegam, S., Yasin, 

J., Kazzam, E. E., and Ali, B. H., Oxidative 

stress, inflammation, and DNA damage in 

multiple organs of mice acutely exposed to 

amorphous silica nanoparticles. International 

journal of nanomedicine, 2016. 11: p. 919. 

6. El-Adawy, M., Abd El-Aziz, M., El-Shazly, 

K., Ali, N. G., and El-Magd, M. A., Dietary 

propionic acid enhances antibacterial and 

immunomodulatory effects of oxytetracycline 

on Nile tilapia, Oreochromis niloticus. 

Environmental Science and Pollution 

Research, 2018. 25(34): p. 34200-34211. 

7. Abdelwahab, M., El‐Barbary, A., El‐Said, K., 

Betiha, M., Elkholy, H., Chiellini, E., and 

El‐Magd, M., Functionalization of poly 

(3‐hydroxybutyrate) with different thiol 

compounds inhibits MDM2–p53 interactions 

in MCF7 cells. Journal of Applied Polymer 

Science, 2019. 136(2): p. 46924. 



Some natural antioxidants against nanoparticles-induced subchronic nephrotoxicity in rats 13 

8. Wagner, A. J., Bleckmann, C. A., Murdock, 

R. C., Schrand, A. M., Schlager, J. J., and 

Hussain, S. M., Cellular interaction of 

different forms of aluminum nanoparticles in 

rat alveolar macrophages. The journal of 

physical chemistry B, 2007. 111(25): p. 7353-

7359. 

9. Rastogi, A., Zivcak, M., Sytar, O., Kalaji, H. 

M., He, X., Mbarki, S., and Brestic, M., 

Impact of metal and metal oxide nanoparticles 

on the plant: a critical review. Frontiers in 

Chemistry, 2017. 5: p. 78. 

10.  Li, M., Lin, D., and Zhu, L., Effects of water 

chemistry on the dissolution of ZnO 

nanoparticles and their toxicity to Escherichia 

coli. Environmental pollution, 2013. 173: p. 

97-102. 

11.  Espitia, P. J. P., Soares, N. d. F. F., dos Reis 

Coimbra, J. S., de Andrade, N. J., Cruz, R. S., 

and Medeiros, E. A. A., Zinc oxide 

nanoparticles: synthesis, antimicrobial 

activity, and food packaging applications. 

Food and bioprocess technology, 2012. 5(5): 

p. 1447-1464. 

12.  Hackenberg, S., Zimmermann, F. Z., 

Scherzed, A., Friehs, G., Froelich, K., 

Ginzkey, C., Koehler, C., Burghartz, M., 

Hagen, R., and Kleinsasser, N., Repetitive 

exposure to zinc oxide nanoparticles induces 

DNA damage in human nasal mucosa mini 

organ cultures. Environmental and molecular 

mutagenesis, 2011. 52(7): p. 582-589. 

13. Tsigalou, C., Konstantinidis, T., Paraschaki, 

A., Stavropoulou, E., Voidarou, C., and 

Bezirtzoglou, E., Mediterranean diet as a tool 

to combat inflammation and chronic diseases. 

An overview. Biomedicines, 2020. 8(7): p. 

201. 

14. Solomon, A., Golubowicz, S., Yablowicz, Z., 

Grossman, S., Bergman, M., Gottlieb, H. E., 

Altman, A., Kerem, Z., and Flaishman, M. A., 

Antioxidant activities and anthocyanin content 

of fresh fruits of common fig (Ficus carica 

L.). J. Agric. Food Chem., 2006. 54(20): p. 

7717-7723. 

15. Lansky, E. P., Paavilainen, H. M., Pawlus, A. 

D., and Newman, R. A., Ficus spp. (fig): 

Ethnobotany and potential as anticancer and 

anti-inflammatory agents. J. Ethnopharmacol., 

2008. 119: p. 195-213. 

16. Quiles, J. L., Ramírez-Tortosa, M. C., and 

Yaqoob, P., Olive oil and health, Cambridge 

MA: Cabi International. 2006. 

17. Parvin, S., Easmin, D., Sheikh, A., Biswas, 

M., Sharma, S. C. D., Jahan, M. G. S., Islam, 

M. A., Shovon, M., and Roy, N., Nutritional 

analysis of date fruits (Phoenix dactylifera L.) 

in perspective of Bangladesh. American 

Journal of Life Sciences, 2015. 3(4): p. 274-

278. 

18. Al-Alawi, R. A., Al-Mashiqri, J. H., Al-

Nadabi, J. S., Al-Shihi, B. I., and Baqi, Y., 

Date palm tree (Phoenix dactylifera L.): 

natural products and therapeutic options. 

Frontiers in plant science, 2017. 8: p. 845. 

19. Siddiq, M. and Greiby, I., Overview of date 

fruit production, postharvest handling, 

processing, and nutrition. Dates: postharvest 

science, processing technology, and health 

benefits. 1st edition. Edited by M. Siddiq, SM 

Aleid, and AA Kader. John Wiley and Sons, 

Chichester, United Kingdom, 2014: p. 1-28. 

20. Gmoshinski, I. V., Shipelin, V. A., 

Shumakova, A. A., Trushina, E. N., 

Mustafina, O. K., Safenkova, I. V., 

Khotimchenko, S. A., Nikityuk, D. B., and 

Tutelyan, V. A., Toxicity Evaluation of 

Nanostructured Silica Orally Administered to 

Rats: Influence on Immune System Function. 

Nanomaterials, 2020. 10(11): p. 2126. 



Naji et al., Arch Pharm Sci ASU 6(1): 1-16 
 

14 

21. Pakrashi, S., Dalai, S., Sabat, D., Singh, S., 

Chandrasekaran, N., and Mukherjee, A., 

Cytotoxicity of Al2O3 nanoparticles at low 

exposure levels to a freshwater bacterial 

isolate. Chemical research in toxicology, 

2011. 24(11): p. 1899-1904. 

22. Yousef, M. I., Mutar, T. F., and Kamel, M. A. 

E.-N., Hepato-renal toxicity of oral sub-

chronic exposure to aluminum oxide and/or 

zinc oxide nanoparticles in rats. Toxicology 

reports, 2019. 6: p. 336-346. 

23. Gilani, A. H., Mehmood, M. H., Janbaz, K. 

H., Khan, A. U., and Saeed, S. A., 

Ethnopharmacological studies on 

antispasmodic and antiplatelet activities of 

Ficus carica. J. Ethnopharmacol., 2008. 

119(1): p. 1-5. 

24. Al-Qarawi, A. A., Abdel-Rahman, H., Ali, B. 

H., Mousa, H. M., and El-Mougy, S. A., The 

ameliorative effect of dates (Phoenix 

dactylifera L.) on ethanol-induced gastric 

ulcer in rats. J. Ethnopharmacol., 2005. 98(3): 

p. 313-317. 

25. Fathy, A. H., Bashandy, M. A., Bashandy, S. 

A., Mansour, A. M., and Azab, K. S., The 

beneficial effect of natural antioxidants from 

olive oil with fig and date palm fruit extracts 

on biochemical and hematological parameters 

in rats treated with doxorubicin and γ-

radiation. FACETS, 2018. 3(1): p. 722-735. 

26. Vinson, J. A., Zubik, L., Bose, P., Samman, 

N., and Proch, J., Dried fruits: excellent in 

vitro and in vivo antioxidants. J. Am. Coll. 

Nutr., 2005. 24(1): p. 44-50. 

27. Institute of Laboratory Animal Resources, 

Guide for the Care and Use of Laboratory 

Animals, eighth edition. Committee for the 

update of the guide and use of laboratory 

animals. National research council of the 

national academies.National Academy Press. 

1996: Washington, D.C. 

28. Bancroft, J. D., and Gamble, M., editors. 

Theory and practice of histological 

techniques. Elsevier health sciences, 2008. 

29. Bobo, D., Robinson, K. J., Islam, J., Thurecht, 

K. J., and Corrie, S. R., Nanoparticle-based 

medicines: a review of FDA-approved 

materials and clinical trials to date. 

Pharmaceutical research, 2016. 33(10): p. 

2373-2387. 

30. Yao, Y., Zang, Y., Qu, J., Tang, M., and 

Zhang, T., The toxicity of metallic 

nanoparticles on the liver: the subcellular 

damages, mechanisms, and outcomes. 

International journal of nanomedicine, 2019. 

14: p. 8787. 

31. Sharma, V., Singh, P., Pandey, A. K., and 

Dhawan, A., Induction of oxidative stress, 

DNA damage and apoptosis in mouse liver 

after sub-acute oral exposure to zinc oxide 

nanoparticles. Mutation Research/Genetic 

Toxicology and Environmental Mutagenesis, 

2012. 745(1-2): p. 84-91. 

32. Du, Z., Zhao, D., Jing, L., Cui, G., Jin, M., Li, 

Y., Liu, X., Liu, Y., Du, H., and Guo, C., 

Cardiovascular toxicity of different sizes 

amorphous silica nanoparticles in rats after 

intratracheal instillation. Cardiovascular 

toxicology, 2013. 13(3): p. 194-207. 

33. He, X., In vivo nanotoxicity assays in animal 

models. Toxicology of Nanomaterials, 2016: 

p. 151-198. 

34. Demir, E., A review on nanotoxicity and 

nanogenotoxicity of different shapes of 

nanomaterials. Journal of Applied Toxicology, 

2021. 41(1): p. 118-147. 

35. Hillyer, J. F. and Albrecht, R. M., 

Gastrointestinal persorption and tissue 

distribution of differently sized colloidal gold 

nanoparticles. Journal of pharmaceutical 

sciences, 2001. 90(12): p. 1927-1936. 



Some natural antioxidants against nanoparticles-induced subchronic nephrotoxicity in rats 15 

36. Wu, T. and Tang, M., Review of the effects of 

manufactured nanoparticles on mammalian 

target organs. Journal of Applied Toxicology, 

2018. 38(1): p. 25-40. 

37. Halliwell, B., Gutteridge, J. M., and Cross, C. 

E., Free radicals, antioxidants, and human 

disease: where are we now? J. Lab. Clin. 

Med., 1992. 119(6): p. 598-620. 

38. Guan, R., Kang, T., Lu, F., Zhang, Z., Shen, 

H., and Liu, M., Cytotoxicity, oxidative stress, 

and genotoxicity in human hepatocyte and 

embryonic kidney cells exposed to ZnO 

nanoparticles. Nanoscale research letters, 

2012. 7(1): p. 1-7. 

39. Bashandy, M. A., Abd-el-aal, A., Ibrahim, D. 

F., and El-sharkawy, M. A., Protective effects 

of date palm extract as natural antioxidants on 

hepatotoxicity induced by Cerastes cerastes 

venom in albino rats. Int. J. Adv. Res., 2016. 

4: p. 647-665. 

40. Bashandy, M. A., Abd El- Rasheid, H. G., 

Hasan, H. F., and Fathy, A. H., Protective and 

therapeutic effects of olive oil and Ficus 

carica as natural antioxidants on some 

biochemical parameters in liver of γ-irradiated 

male albino rats Al Azhar Bulletin of science, 

2014. 25(1): p. 1-16. 

41. Sruthi, B., Sunny, G., Hajra, N., and 

Sakthivel, S., Diuretic activity of ethanolic 

extracts of fruits. Int. J. Res. Pharmacol. 

Pharmacotherapy., 2012. 1(1): p. 25-28. 

42. Sheikh, B. Y., Elsayed, W. M., Samman, A. 

H., Sheikh, B. Y., and Ladin, A. M., Ajwa 

dates as a protective agent against liver 

toxicity in rats. Eur. Sci. J., 2014. 3: p. 358-

368. 

43. Zhang, J., Zhu, W.-f., Xu, J., 

Kitdamrongtham, W., Manosroi, A., 

Manosroi, J., Tokuda, H., Abe, M., Akihisa, 

T., and Feng, F., Potential cancer 

chemopreventive and anticancer constituents 

from the fruits of Ficus hispida Lf (Moraceae). 

J. Ethnopharmacol., 2018. 214: p. 37-46. 

44. Viola, P. and Viola, M., Virgin olive oil as a 

fundamental nutritional component and skin 

protector. Clin. Dermatol., 2009. 27: p. 159–

165. 

45. Jagetia, G. C., Radioprotective potential  of 

plants and herbs against the effects of ionizing 

radiation. J. Clin. Biochem. Nutr., 2007. 40: p. 

74-81. 

46. Libby, P., Ridker, P. M., and Maseri, A., 

Inflammation, and atherosclerosis. 

Circulation, 2002. 105(9): p. 1135-1143. 

47. Faddah, L. M., Baky, N. A. A., Al-Rasheed, 

N. M., Al-Rasheed, N. M., Fatani, A. J., and 

Atteya, M., Role of quercetin and arginine in 

ameliorating nano zinc oxide-induced 

nephrotoxicity in rats. BMC complementary 

and alternative medicine, 2012. 12(1): p. 1-14. 

48. Chang, M.-C., Chan, C.-P., Wang, Y.-J., Lee, 

P.-H., Chen, L.-I., Tsai, Y.-L., Lin, B.-R., 

Wang, Y.-L., and Jeng, J.-H., Induction of 

necrosis and apoptosis to KB cancer cells by 

sanguinarine is associated with reactive 

oxygen species production and mitochondrial 

membrane depolarization. Toxicology and 

applied pharmacology, 2007. 218(2): p. 143-

151. 

49. Achanta, G. and Huang, P., Role of p53 in 

sensing oxidative DNA damage in response to 

reactive oxygen species-generating agents. 

Cancer Research, 2004. 64(17): p. 6233-6239. 

50. Vurusaner, B., Poli, G., and Basaga, H., 

Tumor suppressor genes and ROS: complex 

networks of interactions. Free Radical Biology 

and Medicine, 2012. 52(1): p. 7-18. 

51. Yan, G., Huang, Y., Bu, Q., Lv, L., Deng, P., 

Zhou, J., Wang, Y., Yang, Y., Liu, Q., and 

Cen, X., Zinc oxide nanoparticles cause 



Naji et al., Arch Pharm Sci ASU 6(1): 1-16 
 

16 

nephrotoxicity and kidney metabolism 

alterations in rats. Journal of Environmental 

Science and Health, Part A, 2012. 47(4): p. 

577-588. 

52. Cai, L. and Cherian, M. G., Zinc-

metallothionein protect from DNA damage 

induced by radiation better than glutathione 

and copper or cadmium-metallothionein. 

Toxicol. Lett., 2003. 136(3): p. 193-198. 

53. Magrone, T., Effects of extra virgin olive oil 

on the immune-mediated inflammatory 

responses: Potential clinical applications. 

Endocr. Metab. Immune. Disord. Drug 

Targets, 2018. 18(1): p. 3-3. 

54. Zhu, H.-c. and Cao, R.-l., The relationship 

between serum levels of uric acid and 

prognosis of infection in critically ill patients. 

World journal of emergency medicine, 2012. 

3(3): p. 186. 

55. Chien, C.-C., Yan, Y.-H., Juan, H.-T., Cheng, 

T.-J., Liao, J.-B., Lee, H.-P., and Wang, J.-S., 

Sustained renal inflammation following 2 

weeks of inhalation of occupationally relevant 

levels of zinc oxide nanoparticles in Sprague 

Dawley rats. Journal of toxicologic pathology, 

2017. 30(4): p. 307-314. 

56. Kim, J. S., Kuk, E., Yu, K. N., Kim, J.-H., 

Park, S. J., Lee, H. J., Kim, S. H., Park, Y. K., 

Park, Y. H., and Hwang, C.-Y., Antimicrobial 

effects of silver nanoparticles. Nanomedicine: 

Nanotechnology, biology and medicine, 2007. 

3(1): p. 95-101. 

57. Nagesha, D. K., Whitehead, M. A., and 

Coffer, J. L., Biorelevant calcification and 

non‐cytotoxic behavior in silicon nanowires. 

Advanced Materials, 2005. 17(7): p. 921-924. 

58. Nwanjo, H. U., Efficacy of aqueous leaf 

extract of Vernonia amygdalina on plasma 

lipoprotein and oxidative status in diabetic rat 

models. Nigerian Journal of Physiological 

Sciences, 2005. 20(1): p. 39-42. 

59. Panda, P. R., Dutt, N. D., and Nicolau, A., 

Memory issues in embedded systems-on-chip: 

optimizations and exploration. 1999: Springer 

Science & Business Media. 

60. Allouche, Y., Beltrán, G., Gaforio, J. J., 

Uceda, M., and Mesa, M. D., Antioxidant and 

antiatherogenic activities of pentacyclic 

triterpenic diols and acids. Food and Chemical 

Toxicology, 2010. 48(10): p. 2885-2890. 

61. Eliza, J., Daisy, P., Ignacimuthu, S., and 

Duraipandiyan, V., Antidiabetic and 

antilipidemic effect of eremanthin from 

Costus speciosus (Koen.) Sm., in STZ-

induced diabetic rats. Chemico-Biological 

Interactions, 2009. 182(1): p. 67-72. 

62. Xia, T., Kovochich, M., Liong, M., Madler, 

L., Gilbert, B., Shi, H., Yeh, J. I., Zink, J. I., 

and Nel, A. E., Comparison of the mechanism 

of toxicity of zinc oxide and cerium oxide 

nanoparticles based on dissolution and 

oxidative stress properties. ACS nano, 2008. 

2(10): p. 2121-2134. 

63. Saman, S., Moradhaseli, S., Shokouhian, A., 

and Ghorbani, M., Histopathological effects of 

ZnO nanoparticles on liver and heart tissues in 

Wistar rats. Adv Biores, 2013. 4(2): p. 83-8. 

64. Yanishlieva, N. V. and Marinova, E. M., 

Activity and mechanism of action and a 

natural antioxidant in lipids. Recent. Res. 

Develop., 1998. 2: p. 1-14. 

 


