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INTRUDUCTION

 Cisplatin (CP) is a chemotherapeutic drug used in 
cancer treatment, however, numerous side effects and 
toxicities limit the use of CP. Nephrotoxicity has been 
recognized as one of the most serious complications 
associated with CP (Akca et al., 2018). The kidney 
collects CP more than other sections in the body and 
is the main pathway for its disposal. CP accumulates 

more  in the S3 section of the proximal tubules, followed 
by the distal tubules, and S1 section of the proximal 
tubules (Kröning, Lichtenstein, Nagami, 2000; Yao 
et al., 2007). Nephrotoxicity of cisplatin is evident by 
decreasing antioxidant enzyme activity, a concomitant 
decrease in glutathione levels, increased lipid membrane 
peroxidation, and mitochondrial dysfunction (Akca 
et al., 2018; Zhang et al., 2019). Also, nephrotoxicity 
causes direct tubular damage, vascular abnormalities, 
oxidative stress, inflammation, fibrogenesis, apoptosis 
and necrosis. It has been confirmed that cisplatin with 
high reactive oxygen species (ROS) production causes 
an imbalance between the level of oxidant-antioxidant 
factors, thus the level of antioxidants to neutralize 
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produced ROS is undesirable in tissue (Akca et al., 
2018). The nephrotoxicity of CP is now detected as a 
very complex process (Pabla, Dong, 2008).

CP induced nephrotoxicity leads to the changes 
in the apoptosis-related proteins. It has been reported 
that nephrotoxicity of CP causes increase in the bax 
(pro-apoptotic protein) and a decrease in the bcl-2 
(anti-apoptotic protein expression) (Tsuruya et al., 
2003). The route involvement of the apoptosis in the 
CP-induced kidney injury was at first suggested with 
bax accumulation in the mitochondria and cytochrome 
c release in cultured kidney cells (Pabla, Dong, 2008).

Zinc as an antioxidant has an important protective 
role against oxidative stress (Roy et al., 2013; Rabeea 
et al., 2016). ZnO NPs is used because of its properties 
such as abundance, semi-conductivity, non-toxic effect 
and bond strength and many more. ZnO NPs are the 
most prominent because of their low cost production, 
suitability for use in food preservation, and their 
effectiveness to promote immunity (Hamza, Al-Salmi, 
El-Shenawy, 2019). ZnO NPs are synthesized by (i) 
physical, (ii) chemical, and (iii) green or biogenic 
methods. The green or biogenic ZnO NPs can be 
produced from plants, algae, fungi, and bacteria which 
results in much less use of chemicals, less pollution, less 
cost and less energy (Sharmila, Thirumarimurugan, 
Muthukumaran, 2019). Among these, plant synthesis 
has attracted more attention due to their high 
availability, greater sustainability, faster synthesis 
rate, non-hazardous, cost-effective and simple methods 
(Iravani, 2011; Jeevanandam, Chan, Danquah, 2016; 
Khan, et al., 2018).

Based on our knowledge the comparative 
protective effect of chemical and green synthesized ZnO 
NPs against CP toxicity has not been reported in the 
rat’s kidney. This study was designed to examine the 
possible protective effect of GrZnO NPs in comparison 
to ChZnO NPs and BZnO NPs on kidney tissue 
following cisplatin chemotherapy. The antioxidant and 
antiapoptotic properties of different forms of ZnO, as 
possible protective mechanisms against CP induced 
nephrotoxicity were also studied.

MATERIAL AND METHODS 

Synthesis of nanoparticles

Plant collection 

The Fresh green leaves of Aleo vera were collected 
from September to January (Santhoshkumar, Kumar, 
Rajeshkumar, 2017). 

preparation of the plant extract

Five g of Aleo vera leaves were freshly washed 
and crushed, then mixed with 100 ml of distilled water, 
warmed to 70 ° C for 8 min and filtered using filter paper 
(Santhoshkumar, Kumar, Rajeshkumar, 2017).

Green ZnO NPs preparation and characterization

GrZnO NPs synthesis was performed using Aloe 
vera leaf extract as described previously (Santhoshkumar, 
Kumar, Rajeshkumar, 2017). Briefly, Zinc acetate dehydrate 
(Merck-Germany) (50 ml of 1 mM) was kept in stirrer for 
1h, followed by dropwise addition of NaOH solution (25 mL 
of 5mM). The stirring of the mixed solution was continued 
for about 30 min and then the plant aqueous extract (Local 
store -Urmia) (%10 w/w) was added to the reaction. The 
reaction was continuously stirred and heated to 65 for 
another 30 min. The color change of the solution and the 
appearance of yellow slurry approved the formation of ZnO 
NPs. After the samples were centrifuged at 8000 × rpm for 
10 min, the supernatant was decanted and the participant 
was washed extensively with ethanol and deionized water 
to remove the unreacted reagents. Finally, the obtained solid 
materials were finally dried under vacuum condition at 80 
for 2hr. The size and morphology of the prepared ZnO NPs 
were assessed using TEM (Leo 906 E. Carl Zeiss. Germany) 
and PSA (Scatteroscope. Qudix Inc., South Korea).

Animals and experimental design

Eighty healthy adult male Wistar rats (250g - 270g) 
were retained under standard laboratory conditions of 
humidity, temperature (22 ± 2°C), and 12h light/dark 
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cycle (light from 7:00 to 19:00), with ad libitum access 
to food and tap water. After one week of acclimatization, 
the experimental animals were randomly divided into ten 
groups (n=8 per group) as follows. All the experimental 
protocols were approved by the ethics committee for 
research in animals and humans of Shahid Chamran 
University of Ahvaz (EE/98.24.3.26317/SCU.AC.IR). 
The animals were used according to the guidelines for 
the care and use of laboratory animals provided by the 
national academy of sciences (National Institutes of 
Health publication No. 86-23).

Group 1: Control group (CON): rats were received 2 ml/
kg saline (i. p).

Group 2: Sham group (SH): rats were maintained 
without any injections, fed normal feed, and in the same 
environmental conditions as the other groups.

Group 3: Bulk ZnO Group (BZnO): rats were administered 
5 mg/kg BZnO daily for 4 weeks (i. p) (Torabi et al., 
2013).

Group 4: Green ZnO NPs Group (GrZnO NPs): rats were 
administered 5 mg/kg GrZnO NPs daily for 4 weeks (i. 
p) (Torabi et al., 2013).

Group 5: Chemical ZnO NPs Group (ChZnO NPs): rats 
were administered 5 mg/kg ChZnO NPs daily for 4 weeks 
(i. p) (Torabi et al., 2013).

Group 6: Cisplatin group (CP): rats were administered 
5 mg/kg CP once a week for 4 weeks (i. p) (Kiyani et 
al., 2019).

Group 7: Cisplatin + Bulk ZnO Group (CP + BZnO): rats 
were administered 5 mg/kg CP (i. p) once a week for 4 
weeks and 5 mg/kg BZnO daily for 4 weeks.

Group 8: Cisplatin + Green ZnO NPs Group (CP + GrZnO 
NPs): rats were administered 5 mg/kg CP (i. p) once a 
week for 4 weeks and 5 mg/kg GrZnO NPs daily for 4 
weeks (Torabi et al., 2013).

Group 9: Cisplatin + Chemical ZnO NPs Group (CP + 
ChZnO NPs): The rats were administered 5 mg/kg CP 
(i. p) once a week for 4 weeks and 5 mg/kg ChZnO NPs 
daily for 4 weeks (Torabi et al., 2013).
Group 10: Cisplatin + Explant Group (CP + EX): The rats 
were administered 5 mg/kg CP once a week for 4 weeks 
and Aleo vera extract (5 mg/kg/daily), for 4 weeks (i. p) 
(Torabi et al., 2013).

Serum Blood Urea Nitrogen assays

After overnight fasting, the rats were anesthetized 
using ketamine 100 mg/kg and xylazine 10 mg/kg. 
Heart blood samples were collected, and sera were 
separated and stored at -20˚C for future use. Blood 
samples were centrifuged at 5000 × g for 5 min and 
sera were separated. Blood Urea Nitrogen (BUN) was 
determined spectrophotometrically using commertial kit 
as recommended by the manufacturer (ParsAzma, Iran).

Determination of Oxidative Stress Parameters

Brief ly, a tissue specimen of 100 mg was 
homogenized in 1000 μl RIPA lysis buffer (NaCl; 150 
mM, SDS 0.1%, Tris; 25 mM, pH 7.4, NaF; 1 mM, 
Phenylmethylsulfonyl fluoride 1 mM, Sodium Fluoride 
50 mM) with a homogenizer (Heidolph, Germany). 
Homogenate was centrifuged at 10000 × RPM for 15 
min at 4°C and supernatant was collected and stored 
at -20°C for subsequent analysis. Protein concentration 
was measured by bradford method and bovine serum 
albumin as standard.

The estimation of catalase and superoxide 
dismutase activities

Catalase activity was determined spectropho
tometrically by the method of Koroliuk et al. (1988) 
Briefly, 10µL of sample was incubated with 100 µmol/
mL of H2O2 in 0.05 mmol/L Tris-HCl buffer pH=7 for 
10 min. The reaction was terminated by rapidly adding 
50 µL of 4% ammonium molybdate. Yellow complex 
of ammonium molybdate and H2O2 was measured at 
410 nm. One unit of catalase activity was defined as the 
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TABLE I - List of primers used for Real-time PCR analysis

GenBankSize (bp)SequencesGene name

NM_017059.2145F: TGCTACAGGGTTTCATCCAG
R: TGTTGTTGTCCAGTTCATCGBax

NM_016993.1135F:ATCGCTCTGTGGATGACTGAGTAC
R:AGAGACAGCCAGGAGAAATCAAACBcl2

XM_017593963.1119F: AGTTCAACGGCACAGTCAAG
R: TACTCAGCACCAGCATCACCGAPDH

amount of enzyme required to decompose 1 µmol H2O2 
per min. The activity of superoxide dismutase (SOD) was 
estimated using the commercial available kits (RANSOD, 
Randox Com, UK). The activities of antioxidant enzymes 
were expressed as IU/mg protein of tissue.

Measurement of lipid peroxidation

MDA was determined using the thiobarbituric 
acid reactive substance (TBARS) assay as described 
previously (Satoh et al., 1978). Briefly, 100 uL of tissue 
homogenate was mixed thoroughly with 200 uL of 
20% w/v trichloroacetic acid and 100 uL, 0.375% w/v 
thiobarbituric acid. The solution was sanded for 15 min 
in a boiling water bath. After cooling, the precipitate was 
removed by centrifugation at 5000 RPM for 10 min. The 
absorbance of the clear supernatant was determined at 
532 nm. Quantification of the MDA level was determined 
at 532 nm by comparing the absorption to the standard 
curve of MDA equivalents generated by acid-catalyzed 
hydrolysis of 1,1,3,3-tetra methoxy propane. MDA results 
were expressed as nmol/mg protein of tissue.

RNA isolation and cDNA synthesis

Total RNA was isolated using RNXTM reagent 
according to the manufacturer’s procedure (SinaClon, 
Iran). The concentration of extracted RNA was 
calculated at a wavelength of 260 nm using Eppendorf 
µ Cuvette G1.0 microvolume measuring cell (Eppendorf 
BioPhotometer D30, Eppendorf, Germany). To detect the 
purity of RNA, its optical density (OD) ratio at 260/280 
nm was determined and samples with a ratio of >1.8 

were used for cDNA synthesis. Reverse transcription was 
carried out using YTA cDNA synthesis kit and random 
hexamer primers as described by the manufacturer 
(Yektatajhiz, Iran).

Real-time quantitative real-time polymerase chain 
reaction

To evaluate the expression levels of bax and bcl2 
in the kidney, real-time PCR analysis was performed 
using qPCRTM Green Master Kit for SYBR Green I® 
(Yekta-Tajhiz, Iran) on a Lightcycler® Detection System 
(Roche, USA). Relative expression level of the Bax and 
Bcl2 transcripts were compared to rat GAPDH as the 
housekeeping gene. Specific sets of primers (Bioneer, 
South Korea) designed for this study are shown in table 
I. Reactions were performed using 12.5 μl mixtures 
containing 6.25 μl qPCRTM Green Master Kit for SYBR 
Green I® (YektaTajhiz, Iran), 0.25 μl of each primer (10 
nM), 3 μl cDNA (100 ng), and 2.25 μl nuclease-free water. 
The PCR protocol consisted of a 5-min denaturation 
at 94˚C followed by 45 cycles at 94ºC for 15 seconds, 
and at 60˚C for 30 seconds. Reactions were performed 
in triplicate. Two separate reactions without cDNA 
or with RNA were performed in parallel as controls. 
Relative quantification was performed according to the 
comparative 2-ΔΔCt method using Lightcycler 96® software. 
Validation of assay, in order to check that primer for 
target genes and GAPDH had similar amplification 
efficiencies, was performed as described previously. 
All qPCR analyses were performed according to The 
Minimum Information for Publication of Quantitative 
Real-Time PCR Experiments (MIQE) guideline.
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FIGURE 1 - TEM Images and Particle Size Analysis of green ZnO NPs.

Histological study

The tissue Kidney samples were fixed in 10% 
formalin buffer and 5-6 μm sections were made using 
paraffin embedding method. Hematoxylin-Eosin staining 
was used (Akca et al., 2018). Study was performed under 
light microscope using Dino Lite lens (Dino capture 
software, FDP2).

Statistical analysis

All data analyses were performed using the 
Statistical Package of Social Sciences (SPSS) software 
program, version 20 (SPSS; Chicago, IL, USA). One-way 
analysis of variance followed by the tukey test was used 
to test differences between various means. The data is 

presented as mean ± standard error of mean (SEM), and 
a P value of <0.05 was considered statistically significant.

RESULTS AND DISCUSSION

Characterization of GrZnO NPs

To confirm the morphological and physical 
properties of green synthesized ZnO NPs, an analysis 
of the samples was performed using (TEM) and particle 
size analyzer techniques. TEM micrograph clarified that 
ZnO NPs mostly exist in spherical shapes with 20-50 nm 
diameter (Figure 1A). The PSA graph which showed that 
the prepared NPs had narrow size distribution and ˃95% 
of ZnO were 10-65 nm in size and an average size about 
36 nm (Figure 1B).
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Serum BUN 

The BUN level was significantly increased in the CP 
group compared to the control group (P <0.05). The BUN 
level in CP rats that treated by BZnO, GrZnO NPs and 
ChZnO NPs were significantly decreased compared to the 
untreated CP group (P <0.05). Administration of BZnO, 
GrZnO NPs and ChZnO NPs alone did not significantly 
change the BUN level compared to the control group (p 
< 0.05). (Table II).

Oxidative stress markers results

Antioxidant enzymes activities

Table II shows the changes of the SOD and CAT 
activities in the kidney of all experimental groups. The 
activities of CAT and SOD were significantly decreased 
in CP treated rats compared with the control group (P < 
0.05). The antioxidant enzymes activities in CP-rats treated 
by BZnO, GrZnO NPs and ChZnO NPs were increased 
compared to the un treated CP group, but this change was 
only significant in the GrZnO NPs group compared to the 
groups that received ChZnO NPs or BZnO (P <0.05). 

Weight change in experimental groups

Rats’ weight decreased significantly in the CP group 
compared to the control group (P < 0.05). A significant 

increase in body weight was observed only in the CP 
+ GrZnO NPs compared to the CP groups (P <0.05). 
Treatment by other forms of ZnO had no obvious effect 
on body weight (Figure 2).

FIGURE 2 - Weight changes in different experimental groups. CON = Control group; SH = Sham group; BZnO = Bulk ZnO 
Group, (5 mg/kg daily for 4 weeks); GrZnO NPs = Green ZnO NPs Group, (5 mg/kg daily for 4 weeks); ChZnO NPs = Chemical 
ZnO NPs Group, (5 mg/kg daily for 4 weeks); CP = Cisplatin group, (5 mg/kg once a week for 4 weeks); CP + BZnO = Cisplatin 
+ Bulk ZnO Group, (5 mg/kg CP once a week and 5 mg/kg BZnO NPs daily for 4 weeks); CP + GrZnO NPs = Cisplatin + 
Green ZnO NPs Group, (5 mg/kg CP once a week and 5 mg/kg GrZnO NPs daily for 4 weeks); CP + ChZnO NPs = Cisplatin 
+ Chemical ZnO NPs Group, (5 mg/kg CP once a week and 5 mg/kg ChZnO NPs daily for 4 weeks); CP + EX = Cisplatin + 
Explant Group, (5 mg/kg CP once a week and 5 mg/kg Aleo vera extract daily for 4 weeks). Values are mean ± SD, n = 8 animals 
per group. Different letters in each column demonstrate significant difference (P < 0.05).
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Expression of apoptosis related genes

The expression of bax, as an apoptotic gene, was 
significantly higher in the CP group compared to the 
control group (p < 0.05). The expression levels of the bax 
gene showed a significant reduction in the CP group that 
treated by BZnO, GrZnO NPs and ChZnO NPs compared 
to the CP group rats (P <0.05). This decrease was more 
significant in the GrZnO NPs group compared to groups 
that received other forms of ZnO (p < 0.05) (Figure 3A).

The expression of bcl2, as anti-apoptotic gene, was 
significantly decreased in the CP group compared to the 
control group (P <0.05). The expression levels of the bcl2 
gene was significantly increased in the CP group that 
treated by BZnO, GrZnO NPs and ChZnO NPs compared 
to the untreated CP group rats (P <0.05). This increase 
was more significant in the GrZnO NPs group compared 
to groups that received other forms of ZnO (p < 0.05) 
(Figure 3B).

TABLE II - Oxidant/antioxidant markers of kidney serum and BUN level in different experimental groups

Group CAT
(U/mg protein)

SOD
(U/mg protein)

MDA
(nM/mg protein)

BUN
(mg/dl)

CON 5.818 ± 0.33 a 2.809 ± 0.13 a 1.389 ± 0.24 ac 21.87 ± 2.42 a

SH 5.869 ± 0.32 a 2.351± 0.40 a 1.372 ± 0.10 ac 21.73 ± 2.71 a

BZnO 5.497 ± 0.17 a 2.409 ± 0.20 a 1.104 ± 0.13 a 21.48 ± 1.17 a

GrZnO NPs 5.522 ± 1.04 a 2.589 ± 0.38 a 1.151 ± 0.14 a 21.73 ± 2.24 a

ChZnO NPs 5.457 ± 1.29 a 2.558 ± 0.32 a 1.223 ± 0.21 a 21.74 ± 2.29 a

CP 2.393 ± 0.23 b 0.839 ± 0.08 b 4.483 ± 0.56 d 29.31 ± 0.74 b

CP + BZnO 2.675 ± 0.06 b 1.471 ± 0.25 bc 2.335 ± 0.32 b 22.43 ± 1.88 a

CP + GrZnO NPs 5.522 ± 0.32 a 2.138 ± 0.34 ac 2.517 ± 0.50 b 21.85 ± 2.03 a

CP + ChZnO NPs 3.421 ± 0.35b 1.452 ± 0.25 bc 2.578 ± 0.28 b 22.47 ± 2.04 a

CP + EX 2.456 ± 0.17 b 1.081 ± 0.07 b 3.946 ± 0.68 d 22.49 ± 2.50 a

CON = Control group; SH = Sham group; BZnO = Bulk ZnO Group, (5 mg/kg daily for 4 weeks); GrZnO NPs = Green 
ZnO NPs Group, (5 mg/kg daily for 4 weeks); ChZnO NPs = Chemical ZnO NPs Group, (5 mg/kg daily for 4 weeks); CP = 
Cisplatin group, (5 mg/kg once a week for 4 weeks); CP + BZnO = Cisplatin + Bulk ZnO Group, (5 mg/kg CP once a week 
and 5 mg/kg BZnO NPs daily for 4 weeks); CP + GrZnO NPs = Cisplatin + Green ZnO NPs Group, (5 mg/kg CP once a week 
and 5 mg/kg GrZnO NPs daily for 4 weeks); CP + ChZnO NPs = Cisplatin + Chemical ZnO NPs Group, (5 mg/kg CP once 
a week and 5 mg/kg ChZnO NPs daily for 4 weeks); CP + EX = Cisplatin + Explant Group, (5 mg/kg CP once a week and 5 
mg/kg Aleo vera extract daily for 4 weeks). Values are mean ± SD, n = 8 animals per group. Different letters in each column 
demonstrate significant difference (P < 0.05).

Administration of BZnO, GrZnO NPs and ChZnO 
NPs alone had no significant effects on the activities 
of antioxidant enzymes compared to the control group 
(p <0.05).

The lipid peroxidation levels

The MDA level, as lipid peroxidation indicators, 
in the kidney tissue was significantly higher after 

CP treatment compared with the control group (P < 
0.05). The MDA level was significantly reduced in CP 
group that treated by BZnO, GrZnO NPs and ChZnO 
NPs compared to the untreated CP group (p<0.05). 
Administration of BZnO, GrZnO NPs and ChZnO NPs 
alone had no significant effect on MDA levels in control 
animals (Table II).
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Histological results

Microscopic observation showed a normal structure 
of the kidney with numerous healthy glomeruli and renal 
tubules (Figure 4A). The kidney showed remarkable 
microscopic changes in CP-treated groups. These notable 
changes were including the enlarged renal tubular 
epithelial. The sizes of these cells were 2-3 times bigger 
than the normal size. They had a large nucleus. Also, 
the shape of the nuclei was different and they showed 
pleomorphism. They had more than one nucleolus. 
Multinucleated cells (giant tumor cells) were seen in 
some renal tubules. Also, the tubular cells had clear 
cytoplasm with clear vacuoles. Necrosis of the cells lining 
renal tubules was observed (Figure 4B, C) and hyaline 
droplets were seen in some of them (Figure 4D). Multi-
focal non-purulent interstitial nephritis (Figure 4E) and 
hyaline casts (Figure 4F) were observed in some renal 
tubules. Renal pelvis mucosa cells showed necrosis in 
some areas and large amounts of erythrocytes were found 

in the pelvis area (Figure 4G). Also, glomerulonephritis 
was observed. In some glomeruli, the capillary sheath 
occupied most of the capsule space (Figure 4H).

In the CP + BZnO groups, the observed changes were 
similar to those observed in the CP group. In this group, 
karyomegaly was observed along with vacuolation of 
cytoplasm lining cells renal tubular and necrosis (Figure 
4I). Also, necrosis of the tubular cells was observed. In 
some areas, there was bleeding in the interstitial tissue. 
Erythrocytes were found in the pelvic space with the 
pelvic mucosa removed (Figure 4J).

A marked improvement was seen in the CP + GrZnO 
NPs. The changes in the nuclei of the tubular cells were 
decreased. Also, vacuolation in the cytoplasm, hyaline 
droplets, and hyaline casts were less than in other groups. 
Degeneration and necrosis of the tubular cells were less 
seen in the renal tubules. Erythrocytes with pink strands 
were also not seen in the pelvis (Figure 4K). 

In the CP + ChZnO NPs group, the changes in the 
nuclei of the lining cells renal tubules were less observed. 

	
FIGURE 3 - Expression of apoptotic/antiapoptotoc genes (bax and bcl2) in the rat’s kidney in different experimental groups. CON 
= Control group; SH = Sham group; BZnO = Bulk ZnO Group, (5 mg/kg daily for 4 weeks); GrZnO NPs = Green ZnO NPs Group, 
(5 mg/kg daily for 4 weeks); ChZnO NPs = Chemical ZnO NPs Group, (5 mg/kg daily for 4 weeks); CP = Cisplatin group, (5 mg/
kg once a week for 4 weeks); CP + BZnO = Cisplatin + Bulk ZnO Group, (5 mg/kg CP once a week and 5 mg/kg BZnO NPs daily 
for 4 weeks); CP + GrZnO NPs = Cisplatin + Green ZnO NPs Group, (5 mg/kg CP once a week and 5 mg/kg GrZnO NPs daily for 
4 weeks); CP + ChZnO NPs = Cisplatin + Chemical ZnO NPs Group, (5 mg/kg CP once a week and 5 mg/kg ChZnO NPs daily for 
4 weeks); CP + EX = Cisplatin + Explant Group, (5 mg/kg CP once a week and 5 mg/kg Aleo vera extract daily for 4 weeks). Values 
are mean ± SD, n = 8 animals per group. Different letters in each column demonstrate significant difference (P < 0.05). Expression 
of apoptosis related genes was analyzed using qRT-PCR method and GAPDH was used as housekeeping gene. 
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Administration of BZnO, GrZnO NPs and ChZnO 
NPs alone had no side effect on kidney histology 
compared with the control group.

According to a wide range of applications, CP has 
a wide range of negative effects such as accumulation of 
platinum in the kidney and impair its function (Barakat 
et al., 2020). Although mechanism of the CP is not yet 
specified, but it is well elucidated that nephrotoxicity 

of the CP is related to high generation of ROS (Zhang 
et al., 2019). The anticancer activity of cisplatin is 
dependent on its ability to bind to nuclear DNA and form 
complexes that are capable of preventing DNA synthesis 
and transcription (Ahmad, 2010). Also, cisplatin can bind 
mitochondrial DNA, that interferes with mitochondrial 
DNA transcription, and leads to reduced protein 
synthesis. A reduction in the expression of mitochondrial 

were observed in the renal tubules. Erythrocytes with pink 
strands were also not seen in the pelvis (Figure 4L). 

Degeneration and necrosis of the cells lining were observed 
in the renal tubules. Hyaline droplets and hyaline casts 

	

FIGURE 4 - Histological changes of kidney structure in different experimental groups, stained with H&E (A,B,C,D,F,G,H,I,J,K,L, 
bar: 20 μm; E, bar: 100 μm). (A): CON = Control group: Normal. (B,C,D,E,F,G,H): CP = Cisplatin group; Inculding (B): 
Cisplatin-induced caused degenerative changes inculd the enlarged renal tubular epithelial (arrows). (C): cells had more than 
one nucleolus (red arrows), the tubular cells have clear cytoplasm with clear vacuoles (V), Multinucleated cells (giant tumor 
cells) (arrows), necrosis of the cells lining renal tubules (I). (D): Presence of hyaline droplet in some of cells (H). (E): Multi-
focal non-purulent interstitial nephritis. (F): hyaline casts (star). (G): Renal pelvis mucosa cells showed necrosis in some areas 
(arrows) and large amounts of erythrocytes (star). (H): glomerulonephritis (star). (I): CP + BZnO (Cisplatin + Bulk ZnO Group), 
karyomegaly (arrows), vacuoles (V), necrosis (I). (J): Degeneration and necrosis of the cells lining renal tubules (arrows). (K): 
CP + GrZnO NPs (Cisplatin + Green ZnO NPs Group), GrZnO NPs administration improved degenerative changes induced by 
cisplatin. (L): CP + ChZnO NPs (Cisplatin + Chemical ZnO NPs Group), hyaline droplets and hyaline casts (H).
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DNA-encoded components of the electron transport 
chain disrupts respiration and consequently stimulate 
ROS production (Marullo et al., 2013). So, it is possible 
that the increase in ROS production that occurs in the 
renal tubular cells, because the kidney can accumulate 
cisplatin at concentrations more than of other organs. 
The concentration of cisplatin in the epithelial cells of 
the proximal tubules can become 5 times more than that 
in the blood flow (Arany, Safirstein, 2003).

Increase in ROS production in kidney cells leads 
to in tubular cell death, that can cause cisplatin-induced 
nephrotoxicity. Cisplatin-induced nephrotoxicity usually 
starts a few days after cisplatin administration. ROS 
include the superoxide anion (O2−), hydrogen peroxide 
(H2O2), and hydroxyl radicals (OH·) play important roles 
in the cisplatine induced nephrotoxicity.  Although O2– is 
the precursor of H2O2, each species may play variable 
roles in cisplatin-induced nephrotoxicity, but H2O2 is 
more highly stable, can cross cell membranes, and can 
move farther to induce cell injury, while, O2– is more 
unstable, and can quickly transform into H2O2 by SOD 
enzyme (Quintanilha et al., 2018).

The production of ROS, accumulation of lipid 
peroxidation products in kidneys, and disruption in 
the antioxidant systems are the main mechanisms of 
cisplatin-induced renal toxicity. Inside the cell, cisplatin 
is converted into a very reactive form fastly reacting 
with thiol-containing antioxidant molecules including 
glutathione. Thus, depletion of glutathione causes 
increased oxidative stress inside the cells (Barakat 
et al., 2020). consequently, severe oxidative damage 
inside cells leads to tissue injury (Chan et al., 2019). 
Previous studies reported that oxidative stress is the 
major mechanism responsible for cisplatin-induced 
nephrotoxicity (Quintanilha et al., 2018). The oxidative 
stress leads to disturbance in the balance ROS production 
and decrease in the antioxidant defense mechanism (El-
Shorbagy et al., 2019). 

Different antioxidant have been used to protect the 
kidneys against nephrotoxicity of CP. Antioxidants such 
as bismuth zinc (Chan et al., 2019), zinc picolinate (Tuzcu 
et al., 2010), zinc histidine (Srivastava et al., 1995), and 
Zinc metallothionein (Salgueiro et al., 2000), zinc sulfate 
(Joshi et al., 2004), zinc gluconate (Huang et al., 1997) 

leads to decreased cisplatin-induced nephrotoxicity, 
inhibit cisplatin-induced apoptosis, improve the survival 
rate of mice treated with cisplatin and cause suppression 
the destructive effects of cisplatin on oxidative stress 
markers, without affecting its anticancer activity.

The emerging field of ZnO NPs possible create good 
motivation for against from CP-induced nephrotoxicity 
(Ashraf et al., 2018). The present research was designed 
based on the usage of GrZnO NPs for possible 
amelioration of CP-induced nephrotoxicity in vivo. our 
results showed that the NPs at the defined dose and 
treatment schedule can restore the normal markers in CP-
treated rats towards the control levels. The improvement 
effects of GrZnO NPs against different cancer cell lines 
have been reported in previous studies (Wilhelmi et al., 
2013; Siddiqui et al., 2017). Previous studies have reported 
that the use of synthesized ZnO NPs by P. caerulea L. 
leaf extract can positively affect against urinary tract 
infections (Rajakumar et al., 2018). Despite the fact that 
the biosynthesis of NPs is obscured by different plant 
extracts, it is indicated that the biomolecules present in 
the plant extract (protein, phenol and flavonoids) play an 
important role in reducing particle size and clogging of 
biosynthesized nanoparticles (Krishnaraj et al., 2010).

In the present study, BUN level was increased in 
CP treated rats compared with the control groups, but it 
was decraesed in the GrZnO NPs. Also, the level of BUN 
was decreased in the CP groups treated with ZnO NPs, 
which it is in accordance with results of previous studies 
(Torabi, Shafaroudi, Rezaei, 2017; Ashraf et al., 2018). CP 
can increase the levels of the kidney function biochemical 
marker such as BUN. These perturbations may be due 
to CP induced impairment of kidney reabsorption and 
increased reno-vascular resistance (Ashraf et al., 2018). 
Also, CP exposure induces injury to the kidney vessels 
and finally causes glomerular filtration rate decline. This 
caused disruption of the kidney function and increase of 
the BUN levels (Torabi, Shafaroudi, Rezaei, 2017).

In the present study, CP treatment attenuated renal 
antioxidant defense but, the level of CAT and SOD 
activities were increased in the groups that received 
other forms of ZnO that this increased was more in 
the CP + GrZnO NPs group compared to other groups. 
The MDA concentration increased in the CP treated 
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group compared with the control group, indicating an 
induction of oxidative stress in the kidney of CP treated 
animals. The MDA concentration was decreased in 
the CP groups that treated by ZnO NPs which is in 
accordance with the results of previous studies (Torabi, 
Shafaroudi, Rezaei, 2017; Akca et al., 2018; Ashraf 
et al., 2018). Decrease in the activities of SOD with 
cisplatin treatment could be due to the direct connection 
of CP to _SH groups of functional cysteine residues, 
or probably via the oxidation of active site cysteine 
thiols groups by CP produced ROS. Cisplatin causes the 
removal of Cu and Zn that are important as cofactors 
for SOD activity and is probably another reason for the 
decreased SOD activity in the kidney tissues. CAT is 
an NADPH connecting protein and needs NADPH for 
biological activity. Decreased NADPH levels can also 
impair CAT activity (Ashraf et al., 2018). It is possible 
that the decrease in CAT activity, results in an increase 
in H2O2 after CP injection, which causes increased 
lipid peroxidation as a witness to significant changes in 
MDA levels in the cisplatin group (Norozi, Zare, 2012). 
previous studies have reported that Zn NPs enter the 
target cells and are separated and released slowly but 
continuously as Zn+2 ions. The antioxidant enzymes 
present in such cells can easily detect these ions. 
Ions can enhance the activity of essential antioxidant 
enzymes in treated cells (Bashandy et al., 2018). In 
similar studies, GrZnO NPs have had the same effect 
on oxidative stress indices and antioxidant enzymes 
(Alkaladi, Abdelazim, Afifi, 2014; Al-Salmi, Hamza, 
El-Shenawy, 2019). It was reported that ZnO NPs/
Green Tea Extract (ZnO NPs/GTE) in rats treated with 
monosodium glutamate is associated with significant 
improvement in all antioxidant parameters such as SOD, 
CAT and MDA that were modified by monosodium 
glutamate (Hamza, Al-Salmi, El-Shenawy, 2019). ZnO 
NPs improve the oxidative stress in diabetic rats via an 
increase in the activities of mRNA expression levels 
of SOD, CAT and a decrease in MDA concentration 
(Afifi, Abdelazim, 2015).

The ZnO-NPs cross quickly via cell membrane 
and connect with cellular macromolecules leading 
to therapeutic effect on some organs. Food and Drug 
Organization approved ZnO-NPs as anticancer drug 

(Barakat et al., 2020). The isoelectric point of ZnO-NPs 
equals 9–10; So, ZnO-NPs will have a high positive 
surface charge in tissue fluid. Cancer cells have a greater 
concentration of negatively phospholipids on their outer 
membrane. Consequently, an electrostatic attraction 
occurs among ZnO-NPs and cancer cells cause a higher 
level of Zn in the tumor tissue compared to the other 
healthy tissues (El-Shorbagy et al., 2019).

Our results showed that, the expression of bax 
gene was increased and the expression of bcl2 gene was 
decreased in kidney of CP-treated rats compared with 
the control group. Several previous studies have reported 
similar findings in CP treatment experimental animals 
(Tsuruya et al., 2003; Zhou et al., 2003). CP induces 
the process of apoptosis via starting the cytochrome c 
emission and resulting in the production of superoxide 
(Yousef, Hussien, 2015). Tubular cell apoptosis is one 
of the main mechanisms that causes CP-induced renal 
damage (Li et al., 2015). In our study, ZnO NPs could 
prevent CP-induced tubular cells apoptosis in renal tubular 
cells. Zinc may participate in the inhibition of apoptosis 
by stabilizing the biomembranes, also indirectly as an 
antioxidant (Prasad, 2004). Tian et al. (2009) reported 
that one of the ZnO NPs properties is its anti-apoptotic 
properties. Zinc deficiency can cause programmed cell 
death in different cell types, while zinc supplementation 
can protect cells against various propoptosis molecules, 
and prevent apoptosis. It has been proved that one of the 
possible mechanisms of reducing apoptosis is inhibition 
of caspase enzyme activity which regulates bax, and 
bcl2 expression. Another possibility of obtained results 
is that ZnO NPs may increase mitochondrial function 
to decrease the release of apoptosis inducing factor and 
cytochrome c that causes apoptosis in cells as an internal 
signals, eventually prevent cell apoptosis (Tian et al., 
2009). The co-treatment of BiZn effectively prevents 
cisplatin-induced apoptosis of renal cells. The BiZn 
treatment could significantly improve the survival rate 
with lethal dose of cisplatin. Thus, with the help of 
BiZn, more doses of cisplatin can be used for patients 
with refractory tumors or organ toxicity. They found 
that BiZn did not affect cisplatin-induced cytotoxicity 
on neuroblastoma cells under both in vitro and in vivo 
models. (Chan et al., 2019). 
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The results of histology (Figure 3) showed obvious 
tissue injuries in the kidney of CP treated animals such as 
vacuolization, severe necrosis, hyaline droplets formation, 
multi-focal, degenerative changes in cells lining renal 
tubules and desquamation of degenerated cells present 
in the lumen of the tubules which is in accordance with 
the results of previous studies (Yao et al., 2007; Yousef, 
Hussien, 2015; Ashraf et al., 2018). Histopathological 
reviews of CP-induced renal tissue shows induction of 
apoptosis by CP produced free radicals (Zhang et al., 
2019). In accordance with previous studies (Yousef, 
Hussien, 2015; Bashandy et al., 2018; El-Shenawy et 
al., 2019), in the rats treated with ZnO NPs concomitant 
with CP, a marked improvement in renal histological 
abnormalities was observed but with mild degeneration of 
the renal epithelial tubular and glomeruli, with focal areas 
of less extensive glomerular necrosis. Previous research 
has found that ZnO NPs can enhance the reparation of 
epithelial cells (Dawei, Zhisheng, Anguo, 2010). ZnO 
NPs with the free radical scavenging activity, caused 
the decrease of lipid peroxidation and enhancement of 
antioxidant enzymes (CAT and SOD) that improves the 
renal kidney injury and decrease the pathological changes 
in CP group rats treated with ZnO NPs (Yousef, Hussien, 
2015; Bashandy et al., 2018). These results are consistent 
with Zheng et al. and Reham et al. who confirmed 
that GrZnO NPs do not have any toxic effects on the 
kidney tissues (Wang et al., 2008; Hamza, Al-Salmi, 
El-Shenawy, 2019).

CONCLUSION 

The results suggest that administration of three 
forms of ZnO NPs (BZnO, ChZnO NPs, and GrZnO NP) 
and especially GrZnO NPs during CP chemotherapy can 
effectively reduce the oxidative stress of its nephrotoxcity 
and kidney structure damage. Thus, GrZnO NPs may 
be an attractive treatment during CP chemotherapy that 
could provide a better quality of life for cancer patients.
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