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ABSTRACT 

Oxaliplatin is a chemotherapeutic agent used for treatment of colorectal cancer.  

Peripheral neuropathy is a dose limiting toxicity which may persist even after its 

termination. Oxidative stress may be a direct cause of this neurotoxicity.  Cerium 

oxide nanoparticles (CONPs) are promising antioxidants for applications in 

medicine.  The present work was designed to study the protective effect of CONPs 

on neurotoxicity induced by oxaliplatin in adult male albino rats. One hundred and 

twenty male adult albino rats were divided into 4 groups: Control group, CONPs 

group (60mg/kg, 5 times/week), Oxaliplatin group (4mg/kg, twice/week) and 

Oxaliplatin&CONPs group, for 8 weeks. After 4 & 8 weeks, 10 rats from each 

group were used to measure myelin protein zero (MPZ), malondialdhyde (MDA), 

superoxide dismutase (SOD), glutathione peroxidase (GPx) and reduced 

glutathione (GSH) in the left sciatic nerves.  The right sciatic  nerves and lumbar  

spinal cord were used for histopathological study.  Oxaliplatin decreased MPZ and 

induced demyelination and degeneration of sciatic nerve fibers. Also, it increased 

MDA levels. SOD and GPx activity were increased then decreased.  GSH levels 

were decreased. In the lumbar spinal cord sections, abnormal morphology was 

seen. CONPs administration with oxaliplatin increased MPZ and returned normal 

morphology of sciatic nerve fibers. They decreased MDA levels. SOD was 

increased after 8 weeks, GPx and GSH not changed. In the lumbar spinal cord 

sections normal morphology was seen with some hydropic degeneration.  

Oxaliplatin treatment induced hypomyelination in sciatic nerves. CONPs have 

neuroprotective effect.   

Key words: Oxaliplatin, Cerium oxide nanoparticles, Neurotoxicity, Oxidative 

stress, Myelin protein zero. 

 

 

1. INTRODUCTION 

xaliplatin is a third generation platinum 

based anticancer agent.  It is the first line 

therapy used for the treatment of colorectal 

cancer (Arnold et al., 2017).  The most 

common side effect of oxaliplatin is peripheral 

neuropathy which occurs in both acute and 

chronic forms (Argyriou, 2015).  Acute 

neuropathy occurs within hours after injection 

in almost all patients and can be resolved within 

days.  Chronic neuropathy occurs in about 75% 

of patients after multiple injections of 

oxaliplatin, which is difficult to be resolved. 

This form may persist for months or even years 

after termination of chemotherapy (Balayssac 

et al., 2015). 

Oxaliplatin induced peripheral 

neuropathy (OIPN) remains a problematic 

adverse drug reaction in digestive oncology.  

To this day, no preventive or curative strategy 

has proven to be effective because the proper 

mechanism is still unclear (Cheng et al., 2017). 

Oxidative stress may be a direct cause 

of this neurotoxicity as antineoplastic agents 

induce apoptosis in tumor cells through 

generation of reactive oxygen species (ROS).  

O 
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These species affect also normal cells and may 

lead to neurotoxicity (Hershman et al., 2014). 

The damage of the peripheral nerves 

may occur through affection of myelin sheath, 

dysfunction of mitochondria, inflammation or 

apoptosis.  Also, direct damage of spinal cord 

by oxaliplatin is suggested to play a role in the 

mechanism of neuronal affection (Fardell et 

al., 2015). 

Cerium oxide nanoparticles (CONPs) act 

as direct antioxidants and behave as free radical 

scavengers.  They have properties like that of 

superoxide dismutase, catalase and peroxidase 

enzymes (Singh, 2016).  They are found to be 

effective against pathologies associated with 

chronic oxidative stress and inflammation.  

CONPs well suited for applications in medicine 

because they are well tolerated in vitro and in 

vivo biological models (Das et al., 2013).  So, 

the aim of this work was to study the 

protective effect of CONPs on neurotoxicity 

induced by oxaliplatin in adult male albino rats 

through biochemical and histopatholgoical 

study of sciatic nerves and lumbar part of spinal 

cord. 

2. Material and Methods 

2.1. Material: 

Oxaliplatin was purchased as 

pharmaceutical preparation (100mg/vial), 

manufactured by Actavis Italy S.P.A. company, 

Milano, Italy. It was in the form of white powder.  

Cerium oxide nanopowder was purchased from 

Sigma/Aldrich chemical company, USA in the 

form of white nanopowder, <25nm particle size 

and purity 99.95%. Rat MPZ enzyme-linked 

immunosorbant assay (ELISA) kit (Bioneovan 

company, Beijing, China), from Biovision Egypt 

chemical company. MDA, SOD enzyme,   GPx 

enzyme and GSH kits were purchased from 

Biodiagnostic chemical  company in Egypt. 

2.2. Characterization of CONPs by Transmission 

electron microscope: 

Transmission electron microscope  (TEM) 

analysis was carried out for the assessment of 

primary particle size and morphology of CONPs 

(JEOL JEM-1400)  JEOL Ltd., Tokyo, Japan, 

operating at an acceleration voltage 80 kV.  This 

characterization was done in Electron Microscopy 

Unite, Faculty of agriculture research park, Cairo 

university (FARP). The sample of CONPs was 

prepared by suspending NPs in distilled water.   

Then the sample was sonicated.  A drop of 

suspension was made on 400 mesh Copper grid 

coated with a thin layer of carbon and allowed to 

air dry prior to measurement. 

2.3. Animals and grouping: 

One hundred and twenty male adult albino 

rats weighing 180- 200 gm, were obtained from 

the animal house of Faculty of Medicine, Zagazig 

University.  First, all animals subjected to 10 days 

of passive preliminaries for house 

acclimatization.  Animals were allowed free 

access to solid food and water in their home cages 

with proper ventilation. The room was maintained 

with 12h-light/dark cycle.  All experimental 

procedures were ethically approved by The 

Ethical committee for scientific research of 

faculty of Medicine, Zagazig university, in 

accordance with the guidance of ethical 

committee for research on laboratory animals 

(Institute of Laboratory Animal Resources, 

1996).   

After housing acclimatization, the rats were 

divided into 4 groups as following : 

 Control group (I):  Group I was divided into 

three subgroups (IA, IB, IC), each of 20 rats.  

 Negative control group (I A): Rats were kept 

only on regular diet and tap water to measure the 

basic parameters. 

 Positive control group (IB): Each rat was 

injected intraperitoneally (IP) with 0.5 ml of 

0.9% sodium chloride solution (vehicle of 

CONPs) five times per week.  

 Positive control group (I C): Each rat was 

injected IP with 0.5 ml of 5% glucose solution 

(vehicle of oxaliplatin) twice per week. 

 CONPs group (II) (20 rats): CONPs were 

suspended in 0.9% sodium chloride solution and 

were mixed by sonication, then they were IP 

injected at a dose of (60mg/Kg body weight) 

five times per week.  The dosage of CONPs was 

chosen according to (Nigieh et al., 2012).  

 Oxaliplatin group (III) (20 rats): Oxaliplatin 

was dissolved in a 5% glucose solution at a 
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concentration of 2 mg/ml.  It was IP injected at a 

dose of (4mg/Kg body weight) twice per week.  

LD50 of IP injection of oxaliplatin= 14.3 mg/kg 

body weight (Kono et al., 2015). 

 Oxaliplatin&CONPs group (IV) (20 rats): In 

addition to oxaliplatin injection (4mg/kg, IP, 

twice/week), CONPs were injected IP (60 

mg/kg) five times/week.   CONPs were injected 

first, then after 3 hours oxaliplatin was injected 

(Hirst et al., 2011; Dowding et al., 2014). 

The period of the study was 8 weeks. 

After 4 & 8 weeks of the study, 10 rats from each 

group were anesthetized with sodium 

pentobarbital (50mg/kg body weight) by IP 

injection. The sciatic nerves  were dissected  

(Mid- thigh incision approach) (Bala et al., 

2014) (figure 1). The left sciatic nerve was 

homogenized in cold phosphate buffer saline 

(PBS) solution with pH 7.4, 5-10 ml per gram 

tissue, using tissue homogenizer.  After 

homogenization, the homogenate was centrifuged 

at 4000 r.p.m for 15 min at 4 °C. The supernatant 

was collected and stored at −80 °C, pending 

biochemical analysis.  The right sciatic nerve 

from each rat was excised and fixed in 10% 

neutral formalin for histopathological 

examination.  

The rat spine was harvested en bloc 

from the T11 vertebra to the L1 vertebra where 

the lumbar spinal cord located (last rib was the 

land mark= T13, T13-L1 vertebrae= L4-L5 

spinal segments), then it was cleared of the 

paraspinal muscles and fixed in 10% neutral 

formalin then lateral laminectomy was done to 

each vertebra to clear lumbar spinal cord which 

post fixed in 10% neutral formalin for 

histopathological examination (Wen et al., 

2015) (figure 2). 

 

 
Figure (1): Rhombic dissection between the maximum gluteus and quadriceps muscles was carried out 

allowing the complete vision of sciatic nerve (Savastano et al., 2014). 
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Figure (2): Dissection of the lumbar part of spinal cord. (a) The rat spine was dissected from the T11 

vertebra to the L1 vertebra where the lumbar spinal cord located.  (b) The rat spine was harvested en 

bloc (Rigaud et al., 2008). 

 

2.4. Biochemical Studies: 

The left sciatic nerve homogenate from 

each rat was subjected to the following:- 

2.4.1 Myelin protein zero was assayed by Sandwich-

ELISA as the method of (Schmidt et al., 2012).   

2.4.2 Oxidative stress markers: MDA, SOD, Gpx 

enzymes and GSH were assayed colorimetrically 

as the method of (Ohkawa et al., 1979; Nishikimi 

et al., 1972; Paglia and Valentine, 1967; Beutler 

et al., 1963) respectively. 

2.5. Histopathological methods: 

The right sciatic nerve and the lumbar part  

of the spinal cord of rats from all groups were 

excised and fixed in 10% neutral formalin, then 

dehydrated in 70% ethanol.  Each nerve or 

lumbar spinal cord was then embedded in 

paraffin.  Five μm sections were prepared from 

the paraffin block and stained by hematoxylin and 

eosin then were evaluated under light microscope. 

The processing technique was adapted from 

Horobin and Bancroft, (1998). 

2.6. Statistical Analysis: 
Data were collected and analyzed using 

Statistical Package for Social Sciences (SPSS 

version 20.0). Quantitative data were done by 

One Way Analysis of Variance (ANOVA), 

followed by Post Hoc analysis (Least 

Significance Difference test "LSD") for 

multiple comparisons between groups.  

Qualitative data were done by Chi square test 

(X
2
). Propability (P value) was set as P value of 

> 0.05 indicates non-significant results, < 0.05 

for significant results, <0.001 for high 

significant result and < 0.001 for very high 

significant results. 

3. RESULTS 

3.1. Characterization of CONPs:- 
Transmission electron microscope 

analysis of CONPs showed mixture of cubes 

and octahedrons, in the range < 25nm with 

some agglomeration (Figure 3).   
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Figure (3): Transmission electron microscope image of nanoparticles of cerium oxide. TEM analysis 

revealed that CONPs had different shape and size < 25nm with some agglomeration. 

 

3.2. Biochemical results: 

3.2.1 The biochemical parameters of control 

group was within normal values as regard 

MPZ, MDA, SOD, GPx & GSH.  There was no 

statistical significant difference observed so, the 

negative control group (IA) was used as a 

control group for comparison with other treated 

groups. 

3.2.2 Biochemical parameters of treated groups: 

 Myelin protein zero levels: 

CONPs alone did not significantly 

change the MPZ levels when compared to 

group(IA)  (p>0.05).  Oxaliplatin 

administration caused a significant decrease in 

the MPZ levels of sciatic nerve tissues when 

compared with group(IA)  and CONPs group 

(p<0.001).  The oxaliplatin & CONPs treated 

group showed significant increase in levels of 

MPZ in the sciatic nerve tissues when 

compared with the oxaliplatin treated group 

(p<0.01).  On the other hand there was no 

significant difference between oxaliplatin & 

CONPs treated group and group (IA) (p>0.05) 

(table 1).    

 Oxidative stress markers of sciatic nerve 

tissues:- 

Malondialdehyde: 

Oxaliplatin administration caused a high 

significant increase in the MDA levels of 

sciatic nerve tissues when compared with 

group(IA)  and CONPs group (p<0.001).  The 

oxaliplatin & CONPs treated group showed 

significantly lower levels of MDA in the sciatic 

nerve tissues when compared with the 

oxaliplatin treated group at 4 and 8 weeks of 

the study (p< 0.001, p<0.05) respectively.  

There was no significant difference between 

oxaliplatin & CONPs treated group and group 

(IA) (p> 0.05) (table 2).     

Superoxide dismutase enzyme activity: 

Oxaliplatin administration for 4 weeks 

caused a significant increase in the SOD 

enzyme activity level of sciatic nerve tissues 

when compared with group (IA) (p<0.001) and 

CONPs group (p<0.01). The oxaliplatin & 

CONPs treated group showed non significant 

lower levels of SOD enzyme when compared to 

oxaliplatin treated group (P>0.05) which not 

returned to normal levels when compared with 

group (IA) (p<0.05).  On the other hand 

oxaliplatin administration for 8 weeks caused a 

highly significant decrease in the SOD enzyme 

activity levels of sciatic nerve tissues when 

compared with group (IA) and CONPs group 

(p<0.001). The Oxaliplatin & CONPs treated 

group showed significantly high levels of SOD 

enzyme in the sciatic nerve tissues when 

compared with the oxaliplatin treated group (p< 
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0.001).  There was no significant difference 

between oxaliplatin & CONPs treated group 

and group (IA) (p>0.05) (table 2).  

Glutathione peroxidase enzyme activity: 

The mean values of GPx enzyme 

activity level of sciatic nerve tissues of group 

(IA),  CONPs, Oxaliplatin and Oxaliplatin & 

CONPs treated group revealed non significant 

difference between them at 4 weeks of the 

study (p>0.05). On the other hand oxaliplatin 

administration for 8 weeks caused  significant 

decrease in the GPx enzyme activity levels of 

sciatic nerve tissues when compared with the 

group(IA)  & CONPs group (p<0.01). 

Oxaliplatin & CONPs treated group showed 

also significantly low levels of GPx enzyme in 

the sciatic nerve tissues when compared with 

the group(IA)  (p<0.05).  There was no 

significant difference between the oxaliplatin & 

CONPs group and oxaliplatin treated group 

(p>0.05) (table 2). 

Reduced glutathione levels: 

Oxaliplatin administration for 4 & 8 

weeks caused significant decrease in GSH 

levels of sciatic nerve tissues when compared 

with the group (IA) (p<0.001). The oxaliplatin 

& CONPs treated group (IV) showed also low 

levels of GSH levels in the sciatic nerve tissues 

when compared with group (IA) (p<0.001, 

p<0.01).  On the other hand there was no 

significant difference between the oxaliplatin & 

CONPs group and the oxaliplatin treated group 

(p>0.05) (table 2).  

 

Table (1): Statistical comparison between negative control group and different treated groups 

(CONPs cerium oxide nanoparticles, Oxaliplatin and Oxaliplatin & CONPs) as regard levels of 

MPZ (Myelin protein zero) at 4 and 8 weeks of the study. 

Biochemical 

parameter 

Period Group 

n=10 

Mean ± SD 

MPZ 

Pg/ml 

4 weeks -ve control  (IA) 1723.6±484.8 

CONPs (II) 1711±232.7 

Oxaliplatin (III) 1024±101.9*** 

Oxaliplatin& CONPs(IV) 1523.9±743.9## 

8 weeks -ve control  (IA) 1739±473.2 

CONPs (II) 1785±321.4 

Oxaliplatin (III) 923.4±184.8*** 

Oxaliplatin& CONPs (IV) 1561.6±748## 
 

N.B: Values are expressed as Mean±SD.  (SD: standerd deviation). 

n: number (number of sacrificed rats in each group=10 rats). 

*** very high significant (P<0.001) vs. control group; ##high significant (P<0.01) vs. oxaliplatin 

group. 
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Table (2): Statistical comparison between negative control group and different treated groups 

(CONPs cerium oxide nanoparticles, Oxaliplatin  and Oxaliplatin & CONPs) as regard levels of 

Malondialdehyde (MDA), Superoxide dismutase (SOD), glutathione peroxidase (GPx) & reduced 

glutathione (GSH) at 4 and 8 weeks of the study. 
 

 -ve control  (IA) CONPs (II) Oxaliplatin (III) Oxaliplatin & 

CONPs  (IV) 

MDA       

4 weeks 

 

118.2±13.7 

 

 

119.9±12.8 

 

188.4±50.2*** 

 

134.8±27.4### 

8 weeks 117.3±12.4 

 

121.7±14.1 182.6±74.4*** 146.6±30.8# 

SOD 

4  weeks 

 

5218.5±1167.7 

 

5785.7±905.4 

 

7544.3±1524.9*** 

 

6491.6±1793.9* 

 

8  weeks 

 

9422.3±33.2 

 

8892.9±1366.2 

 

6968.8±1793.9*** 

 

8868.5±529.9### 

GPx 

4  weeks 

 

129.7±26.7 

 

116.7±38.9 

 

151.4±51.8 

 

90.8±45.7 

8  weeks 127.7±36.9 121.3±38.8 38.5±12.6** 53.2±22.7* 

GSH 

4  weeks 

 

74.7±36.3 

 

68.5±28.6 

 

36.9±13.4*** 

 

31.3±12.8*** 

 

8  weeks 

 

73.3±35.3 

 

65.3±23.1 

 

27.8±18.7*** 

 

33.9±16.5** 

 

N.B: Values are expressed as Mean±SD.  (SD: standerd deviation). 

n: number (number of sacrificed rats in each group=10 rats). 

*significan (p<0.05), **high significant (P<0.01), *** very high significant (P<0.001) vs. control 

group; # significant  (p<0.05), ### very high significant (P<0.001) vs. oxaliplatin group. 

 

3.3. Histopathological results: 

 3.3.1 Right sciatic nerve tissues: 

 Gross appearance: 

The right sciatic nerve from each rat 

was pale yellow in color, cylindrical in shape, 

about 4-5 cm long, 20-30 mg weight, soft in 

consistency and had smooth surface. It was 

about 1 mm diameter by cross section.  No 

gross abnormalities were detected in sciatic 

nerves dissected from rats of all groups.  

 Light microscopic appearance: 

Control group and CONPs treated group 

showed, normal sciatic nerve tissues, formed of 

variable sized closely packed myelinated nerve 

fibers with endoneurium in between (figure 4). 

Oxaliplatin treated group showed, mild to 

moderate demyelination and degeneration of 

myelin sheath which propagated in degree to be 

severe after 8 weeks with inflammation signs 

on top in some sections. Also, disturbed and 

remnant Schwann cells nuclei appeared in some 

sections (figure 4). 

Oxaliplatin & CONPs treated group showed, 

normal sciatic nerve structure after 4 and 8 

weeks of the study (figure 5). 
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Figure (4): Representative photomicrographs of sciatic nerve sections from control group and CONPs treated 

group showing: (A) closely packed nerve fibers with endoneurium in between (E) and an occasional endoneurial 

blood vessel (B).  Each individual nerve fiber consists of central axon surrounded by myelin sheath (→). (B) the 

elongated wavy Schwann cell nuclei (→) (H&E x 400).  

 
Figure (5): Representative photomicrographs of sciatic nerve sections from oxaliplatin (A, B, C, D& E) and 

oxaliplatin&CONPs trated group (F) showing: (A) Inflammation of sciatic nerve tissue (→) on background of 

demyelination and degeneration (D) with increased number of blood vessels (B). (B) Mild, (C)  Moderate , (D) 

Severe demyelination and degeneration of myelin sheath in some fibers with remnant of Schwann cells nuclei (↓).(E) 

disturbed Schwann cells nuclei (↓). (F) normal myelinated nerve fibers, Schwann cell nuclei (→) with endoneurium 

(E) in between and occasional blood vessels (H&E x 400).  
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3.3.2 lumbar spinal cord tissues: 

 Gross appearance: 

The lumbar spinal cord from each rat was white 

in color, cylindrical in shape, about 2 cm long, 

30-40 mg weight, soft in consistency and had 

smooth surface. It was about 3-5 mm diameter 

by cross section.  No gross abnormalities were 

detected in lumbar spinal cord parts dissected 

from rats of all treated groups.  

 Light microscopic appearance: 

Control group and CONPs treated group 

showed  normal morphological appearance of 

the lumbar spinal cord which was in the form of 

gray and white matter, central canal, neurons, 

each one with a cell body, nucleus, nucleolus, 

nissl granules and glial cells as shown in (figure 

6). 

Oxaliplatin treated group showed, 

aggregation of glial cells with apoptosis after 4 

and 8 weeks of the study.  Many degenerated 

neurons and smudged nuclei were seen also in 

some sections after 8 weeks of the study (figure 

7). 

Oxaliplatin & CONPs treated group showed, 

normal morphological appearance with 

hydropic degeneration of some neurons in few 

sections after 4 and 8 weeks of the study (figure 

7). 

 

 
Figure (6): Representative photomicrographs of lumbar spinal cord sections from control group 

(A&B) and CONPs treated group showing: normal morphological appearance (H&E: A x 100; B x 

400).  
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Figure (7): Representative photomicrographs of lumbar spinal cord sections from oxaliplatin (A, B 

& C) and oxaliplatin&CONPs trated group (D&E) showing: (A) aggregation of glial cells with 

apoptosis. (B) degenerated neurons (→), (C) smudged nuclei (→) in neurons. (D) normal morphological 

appearance.  (E) mild hydropic changes (→) (H&E x 400).  

 

4. DISCUSSION 

Oxaliplatin induced peripheral 

neuropathy occurs in about 60–80% of the 

patients treated with oxaliplatin and 15% of 

them develop severe forms (Sereno et al., 

2017). Several pharmaceutical agents and 

nutraceuticals with antioxidant properties have 

been tested in vivo studies and in clinical trials 

to assess their effectiveness against peripheral 

neurotoxicity induced by oxaliplatin but no 

agent has proven to be effective (Cheng et al., 

2017).  CONPs are being proven promising for 

their neuroprotective and antioxidant properties 

(Heckman et al., 2013).  Characterization of 
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nanoparticles is essential for the studies as it 

has been shown that the size, shape, surface 

reactivity, solubility, and degree of aggregation 

are responsible for their differential response in 

biological system (Asati et al., 2010).  The 

result of characterization of the current study 

were in the range of < 25 nm in size, cubes & 

octahedrons in shape with  Some 

agglomeration. This result was concomitant 

with Mittal and Pendy (2014) which used the 

same material.  

The results of the present study showed 

that oxaliplatin decreased MPZ in sciatic nerve 

tissues after 4 and 8 weeks of the study.  This 

finding was in agree with Kim et al. (2015) 

who found that MPZ immunoreactivity was 

decreased in the sciatic nerve sections of 

oxaliplatin treated group. Tsutsumi et al. 

(2014) reported that, oxaliplatin treatment 

reduced the levels of MPZ in sciatic nerves 

through decreasing the levels of cleaved 

neuregulin 1 (NRG1) type III protein in the 

sciatic nerves which is an important factor in 

the late phase of myelination. Moreover, gene 

expression of NRG1 and NRG1 mRNA levels 

were reduced by oxaliplatin in lumbar DRGs.  

CONPs administration with oxaliplatin showed 

significant increase in MPZ levels in the sciatic 

nerve tissues.  These results are consistent with 

Hirst et al. (2011) who stated that, quenching 

ROS production capability of CONPs can 

decrease proteins destruction, lipid 

peroxidation, inflammation and subsequent 

tissue damage.  Also the results of this study 

have been demonstrated that CONPs 

administration improve Schwann cells nuclei 

which become normal and thus have a good 

MPZ secretion. 

Oxaliplatin injection caused a 

significant increase in MDA level in sciatic 

nerves allover the period of the study.  This 

result  is concomitant with the result of Kim et 

al. (2015) who found that oxaliplatin injection 

induced increase in MDA levels in sciatic 

nerves of rats after 4 weeks of the study.  This 

could be explained by Bertram and Hass, 

(2008) and Olmeda et al. (2008) who reported 

that, the activity of oxaliplatin drug is attributed 

to the formation of adducts with DNA that lead 

to intracellular generation of ROS following 

DNA and mitochondrial lesions.  Areti et al. 

(2014) demonstrated that ROS can directly 

damage myelin sheath by oxidatively 

modifying fatty acid components of the 

phospholipid content of myelin leading to lipid 

peroxidation and formation of MDA.   

Superoxide dismutase and GPx are 

important enzymes in the antioxidant system 

and their increase in Sciatic nerves by 

oxaliplatin after 4 weeks of the study suggests 

the enhancement of the antioxidant potential of 

the tissues to reduce oxidative stress (Hosseini 

et al., 2014).   On the other hand, there was 

drastic fall in both enzymatic levels after 8 

weeks of the study leading to conclusion that, 

the amount of oxidative stress was excessive to 

cause damage to these enzymes, resulting in the 

loss of antioxidant defenses (Areti et al., 2014).  

Oxaliplatin interacts with GSH and the 

depletion of GSH is one of the pathways 

through which platinum based cytotoxic drugs 

generate ROS in cells (Laurent et al., 2005). 

CONPs administration with oxaliplatin 

decreased the MDA levels in sciatic nerves of 

treated rats  at 4 and 8 weeks of the study, 

which means that CONPs administration 

decreased the level of lipid peroxidation. Also, 

they decreased the levels of SOD and GPx 

enzymes activity induced by oxaliplatin after 4 

weeks of the study which means that CONPs 

decrease oxidative stress in sciatic nerves.  

After 8 weeks of the study, CONPs improves 

significantly SOD enzyme activity but not 

significantly affect GPx enzyme activity.  

 Cerium oxide nanoparticles are potent 

antioxidants based on their ability to either 

donate or receive electrons as they alternate 

between the trivalent or tetravalent oxidation 

states. The catalytic properties of  CONPs have 

been attributed to the presence of highly mobile 

lattice oxygen present at the surface, which 

facilitates the Ce
4+

 , Ce
3+ 

conversion and is 

correlated with decreased free radical levels 

(Heckman et al., 2013).  Reduction of  Ce
4+

 to 
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Ce
3+

 causes oxygen vacancies and defects on 

the surface of the crystalline lattice structure of 

the nanoparticles, generating a cage for redox 

reactions to occur.  They are able to scavenge 

superoxide, hydrogen peroxide and 

peroxynitrite.   Accordingly, CONPs mimic the 

catalytic activities of antioxidant enzymes, such 

as SOD and catalase. Also, they are able to 

neutralize peroxynitrite (Pirmohamed et al., 

2010; Dowding et al., 2012). Moreover, 

CONPs have several advantages over other 

pharmaceutical and nutraceutical antioxidants: 

first, CONPs act as catalysts to mimetic 

superoxide dismutase activity. Second, the 

antioxidant activity of these nanoparticles is 

mediated at oxygen vacancies on the surface. 

Therefore, one CONP offer many sites for 

catalysis because of its large surface/volume 

ratio, despite the fact that enzymes or 

pharmacological agents have only one active 

site per molecule.  Finally, these nanoparticles 

remain resident and active in a living cell for an 

extended period of time (Hosseini et al., 2014). 

The inability of CONPs to improve the 

reduction in GPx and GSH induced by 

oxaliplatin in sciatic nerves in the current work 

could be explained by McQuade et al. (2016)  

who reported that, oxaliplatin increased 

superoxide radicle particularly.  Also, 

Rzigalinski et al. (2017) demonstrated that, if 

CONPs were in an area with high superoxide 

concentrations, more cerium would remain in 

the tetravalent state and H2O2 may accumulate.  

This accumulation will reduce GPx and GSH 

as, GPx is an essential antioxidant enzyme that 

converts H2O2 into water and GSH is an 

important cofactor of GPx to function in this 

reaction (Patil et al., 2007).  

The histopathology results of sciatic 

nerve sections revealed that oxaliplatin 

treatment induced demyelination and 

degeneration of nerve fibers which was time 

dependent with inflammation.  The Schwann 

cells were also affected as disturbed and their 

remnant nuclei were appeared in some sections.  

These results are in agree with previous studies. 

Al Moundhri et al. (2013) study showed that 

oxaliplatin  induced focal areas of 

demyelination and degeneration of the sciatic 

nerve fibers of treated rats.  Areas of infiltration 

with mononuclear inflammatory cells were also 

noticed.  Kono et al. (2015) examined the 

sciatic nerves of oxaliplatin treated rats under 

electron microscope and showed that oxaliplatin  

induced damage of myelinated axons in the 

sciatic nerves in the form of accumulation of 

organelles, vacuolated swollen mitochondria and 

infiltration of macrophages. There was no 

notable morphological changes of non 

myelinated fibers of sciatic nerves. 

Inflammation of sciatic nerves in some sections 

in the current study could be explained by 

oxaliplatin generation of ROS.  They activate 

various cellular signaling pathways that 

enhance the transcription of proinflammatory 

cytokines and chemokines such as tumor 

necrosis factor alpha (TNF-α) and  interleukins 

IL-1& IL-6 (Oyenihi et al., 2015).  As regard 

affection of Schwann cells by oxaliplatin 

administration, the findings of the present study 

are in agree with Imai et al. (2017) in vitro 

study who reported that exposure of primary 

cultured rat Schwann cells to oxaliplatin (3μM) 

for 48 hours reduced Myelin basic protein 

(MBP) expression and impaired the myelin 

forming Schwann cells with mitochondrial 

dysfunction.  CONPs administration with 

oxaliplatin improved the myelination process as 

they reversed the histopathological and 

morphological abnormalities of sciatic nerves 

in treated rats.  These findings are in agree with 

Kastrinaki et al. (2015) ex vivo study who 

showed that, CONPs translocated within the 

sciatic nerve of frogs by formation of narrow 

bands and this translocation depends on both 

axonal integrity and electrical activity.  Nerve 

vitality curve comparison between control and 

exposed nerves showed that CONPs had no 

neurotoxic effect at the concentrations tested.  

Moreover Xu et al. (2016) reported that, 

CONPs administration decreased pro-

inflammatory cytokines including IL-1β, TNF-

α & IL-6 in serum and tissues of male mice 

exposed to oxidative stress and inflammation 



Lead as a Risk Factor for ADHD…                                                                                                  -64- 

 

Zagazig J. Forensic Med.& Toxicology                                                           Vol.(18) No. (1) Jan 2020 

 

induced by air pollution model.  CONPs 

decrease the inflammation of mice tissues by 

their antioxidant effect. 

In the present study, aggregation of glial 

cells, many degenerated neurons, smudged 

nuclei and apoptosis were seen in the lumbar 

spinal cord sections from oxaliplatin treated 

group after 4 and 8 weeks of the study.  The 

present results of lumbar spinal cord pathology 

are in agree with Sakurai et al. (2009) who 

reported that, oxaliplatin injection induced 

lesions of cell bodies, changes in the nucleus 

and nucleolus, atrophy in neurons of the DRG 

and cell death.  Carozzi et al. (2015) 

demonstrated that platinum accumulation exerts 

cytotoxic effects in the DRG neurons by 

formation of inter and intra strand crosslinks in 

the DNA and accumulation of platinum 

mitochondrial DNA adducts lead to 

mitochondrial dysfunction with alteration in 

redox metabolism which induces DRG cells 

apoptosis. CONPs administration with 

oxaliplatin improves the morphological 

appearance of the lumbar spinal cord sections 

of treated rats as most sections showed normal 

morphological appearance.  Few sections 

showed mild hydropic degeneration of neurons 

allover the period of the study. In an in vitro 

study by Dowding et al. (2014), CONPs are 

internalized by neurons after 3 hours and 

accumulate at plasma membrane and 

mitochondrial outer membrane.  Furthermore, 

CONPs reduce levels of ROS in neurons 

exposed to oxidative stress.  So, they reduce 

mitochondrial fragmentation and neuronal cell 

death. Najafi et al. (2017) also reported that, 

CONPs administration reversed the 

histopathology and morphological 

abnormalities of DRG neurons of diabetic rats 

leading to conclusion that CONPs reduced 

oxidative stress induced by degeneration of 

neurons and apoptosis as well as improve the 

antioxidant defense of tissues.  
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دراست التأثير الوقبئي لجسيئبث أكسيذ السيريوم هتنبهيت الذقت علي التسون العصبي النبتج عي الأوكسالبلاتيي في ركور الجرراى 

 البيضبء الببلغت 

فرحبث ̒ أهل هحوذ عبذالخبلق ̒ هيبم السيذ حسييوسف هروة عبذالونعن عبهر̒  فبطوه   

والببثولوجي الإكلينيكيت أقسبم الطب الشرعي والسووم  

جبهعت السقبزيق -كليت الطب البشرى  

 

 الولخص العربي
و قذ وخذ أٌ انعشض اندبَجٍ الأكثش شُىعب أثُبء اعزخذايه غزخذو نعلاج عشطبٌ انقىنىٌ وانًغزقُى. َهى دواء كًُُبئٍ  وكضانجلارٍُالأ

. الإخهبد انزأكغذٌ هى انغجت انًجبشش نهزا انزغًى انعصجٍ قذ َكىٌانزي قذ َغزًش حزً ثعذ َهبَخ انعلاج.  انطشفُخ الأعصبةهى رغًى 

نذساعخ انزأثُش رى رصًُى هزا انعًم  ونزنكيُبعجخ  نهزطجُقبد انطجُخ هٍ يضبداد نلأكغذح   يزُبهُخ انذقخ خضَئبد أكغُذ انغُشَىو

رى انىقبئٍ ندضَئبد أكغُذ انغُشَىو يزُبهُخ انذقخ عهً انزغًى انعصجٍ انُبرح عٍ الأوكضانجلارٍُ فٍ ركىس اندشراٌ انجُضبء انجبنغخ .

ُشَىو يزُبهُخ انذقخ يدًىعخ خضَئبد أكغُذ انغ -  خشر( 01)يدًىعبد: انًدًىعخ انضبثطخ 4إنً  يٍ ركىس اندشراٌ 021رقغُى 

 8نًذح جرر(  21يدًىعخ الأوكضانجلارٍُ و خضَئبد أكغُذ انغُشَىو يزُبهُخ انذقخ ) -خشر( 21يدًىعخ الأوكضانجلارٍُ ) - خشر( 21)

ذ إَضَى انغىثش أوكغُ -انًبنىَبنذهُذ -يُبنٍُ ثشورٍُ صفش يٍ كم يدًىعخ نقُبط خشرا01ٌأعبثُع ، رى اعزخذاو  8و  4أعبثُع. ثعذ 

دَغًُىربصوإَضَى اندهىربثُىٌ ثُشوكغُذاص واندهىربثُىٌ فً انعصت انىسكً الاَغش. رى عضل انعصت انىسكً الأًٍَ واندضء انقطًُ 

 يٍ انحجم انشىكً وردهُضهى نصجغهى ثبنهًُبرىكغُهٍُ والأَىعٍُ وفحصهى رحذ انًُكشوعكىة انضىئً.

و إصانخ انًُبنٍُ ورُكظ أنُبف انعصت انىسكٍ.  قُى انًُبنٍُ ثشورٍُ صفشيزىعظ رُبول الأوكضانجلارٍُ أدي إنً اَخفبض فٍ انُزبئح: 

ثى اَخفط. إَضَى انغىثش أوكغُذ دَغًُىربصوإَضَى اندهىربثُىٌ ثُشوكغُذا . أَضب صاد َشبط انًبنىَبنذهُذأَضب ، صادد يغزىَبد 

نهدضء انقطٍُ يٍ انحجم انشىكٍ فقذ شىهذ انعذَذ يٍ انخلاَب نهذساعخ انهغزىثبثىنىخُخ  ثبنُغجهأيب . اندهىربثُىٌأَخفضذ يغزىَبد 

أدي إنً اسرفبع فٍ  يع الأوكضانجلارٍُ خضَئبد أكغُذ انغُشَىو يزُبهُخ انذقخأظهشد َزبئح انذساعخ انحبنُخ أٌ رُبول . انًزهبنكخانعصجُخ 

. أَضب صاد انًبنىَبنذهُذعً. أَضب  أَخفضذ يغزىَبد وعبدد أنُبف انعصت انىسكٍ انً شكههب انطجُقُى انًُبنٍُ ثشورٍُ صفش يزىعظ 

عبد اندضء انقطٍُ يٍ نى َزغُشوا.  اندهىربثُىٌو إَضَى اندهىربثُىٌ ثُشوكغُذا أعبثُع ، أيب  8ثعذ  إَضَى انغىثش أوكغُذ دَغًُىربصَشبط 

َقص انًُبنٍُ فٍ الأعصبة انىسكُخ. ي انً رُبول الأوكضانجلارٍُ َؤد. انخلاصخ:  انزُكظ انًبئٍانطجُعٍ يع ثعط انحجم انً شكهه 

  نهب رأثُش انحًبَخ انعصجُخ. خضَئبد أكغُذ انغُشَىو يزُبهُخ انذقخ

 


