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Objective: The present study was designed to investigate the possible synergistic effects of melatonin with zinc in the prevention and 
treatment of oxaliplatin-induced neurotoxicity in rats.
Methodology: Forty-eight male Wistar albino rats were used and randomly allocated into six groups: The negative control group, 
oxaliplatin group, zinc + oxaliplatin group, melatonin + oxaliplatin group, zinc + melatonin + oxaliplatin prevention-approach group, 
and zinc + melatonin + oxaliplatin treatment-approach group. The thermal nociceptive/hyperalgesia tests were performed. Brain tissue 
homogenate was used for measuring GFAP, NCAM, TNF α, MAPK 14, NF-kB, GPX, and SOD. Brain tissue was sent for 
histopathological and immunohistochemistry studies.
Results: The combination therapies showed improvement in the behavioral tests. A significant increase in GPX and SOD with 
a significant decrease in GFAP levels resulted in the prevention approach. TNF α decreased significantly in the treatment approach. No 
significant changes were seen in NCAM, NFkB, and MAPK-14. The histopathological findings support the biochemical results. 
Additionally, immunohistochemistry revealed a significant attenuation of p53 and a non-significant decrease in Bcl2 levels in the 
combination groups.
Conclusion: The combination of zinc with melatonin for the prevention approach was effective in attenuating neurotoxicity induced by 
oxaliplatin. The proposed mechanisms are boosting the antioxidant system and attenuating the expression of p53, GFAP, and TNF-α.
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Introduction
Antineoplastic chemotherapy may produce various types of neurotoxicity ranging from dysfunction, and pain to 
peripheral neuropathy secondary to injury of sensory, motor, and/or autonomic nerves that directly lessen the quality 
of life of the patients.1,2 Oxaliplatin-induced peripheral neuropathy (OIPN) is an account for 90% of cancer patients.3 

Hyperexcitation of sensory and motor nerves by the use of oxaliplatin produces neuromyotonic-like syndrome, which 
may disappear within a few days, this is considered an acute effect of the drug.4 Chronic use of oxaliplatin (OXL) may 
end up with sensory symmetrical symptoms, sensory ataxia, and falls.5,6 Peripheral neurotoxicity induced by OXL may 
continue even after finishing the treatment for more than 5 years in 25–30% of the patients including psychological 
problems and depression.7,8 The anticipated unwanted responses of OXA have been reported as the clinical use of OXA 
has grown. These OXA side effects may result in the termination of treatment plans, as well as a reduction in treatment 
compliance of the patients.9

Several mechanisms were proposed for the neurotoxic effects of OXL.10 OXL can induce neuropathy by damaging 
numerous cells in different ways. Damage in the nuclear DNA is one of the mechanisms of OIPN,11 where platinum 
compounds create DNA adducts that hinder DNA base excision repair and transcription finally leading to cell damage.12 

Oxidative stress is the most prominent mechanism; in which oxaliplatin increases the generation of reactive oxygen 
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species.13 Activation of transcription factor14 and change in gene expression that trigger neuroinflammation also 
contribute to OIPN.15 Mitochondrial dysfunction is another mechanism of OIPN and usually, and this is usually 
accompanied by the generation of reactive species that further aggravate the condition.16 Furthermore, disruption of 
ion channels like sodium, potassium, and calcium channels,17 especially, dysfunction of voltage-gated sodium channel18 

along with neuroinflammation also attributed to OIPN.19

Given the severity of OIPN and the fact that it is irreversible in a substantial percentage of patients, efforts to treat 
this pharmacoresistant clinical illness have been ongoing for many years.20 Many drugs and nutraceuticals have been 
tried to control OIPN and most of these agents possess antioxidant and anti-inflammatory activities.21–23 The fact that 
most medications only address one feature of the disease may contribute to the inability to create treatments that 
effectively combat brain injury-induced neurodegeneration.24 Melatonin is tryptophan derivatives produced primarily 
by the pineal gland in mammals throughout the night.25 It has pleiotropic effects in the human body, which include 
regulation of important metabolic processes such as regulation of sleep–wake cycle, bone metabolism, fertility and 
reproduction, as well as protection against a variety of illnesses like preventive effects against oxidative stress, 
aberrant immunological activation and/or inflammation, in addition to, obesity, cardiovascular problems, cancer 
development, and neurodegeneration.26 Melatonin has been reported to have a prolonged and strong antinociceptive 
impact in neuropathic pains.27 There is a bidirectional relationship between melatonin and zinc. Zinc is shown to be 
involved in the production and action of melatonin and the later in turn increases the absorption of zinc.28,29 Co- 
supplementation of zinc and melatonin has been found to have many beneficial effect both in animal experiments and 
clinical study.30,31

Although various studies have indicated melatonin’s significance in the treatment of diabetic neuropathy,32,33 there is 
no investigations on its influence on neuropathy prevention and treatment in combination with zinc. Therefore, the 
present study was designed to investigate the possible synergistic effects of melatonin with zinc in both the prevention 
and treatment approaches against OXL-induced neurotoxicity in rats.

Materials and Methods
Experimental Animals
Forty-eight male Wistar albino rats weighing (150–200g) were obtained from the College of Medicine/Tikrit Medical 
University. The rats were housed in the College of Pharmacy/University of Sulaimani animal house in well-ventilated 
plastic cages under regular conditions; temperature 25 ± 2°C and humidity of 55 ± 5%, and 12 hours’ dark/light cycle. 
They were fed a conventional pellet diet and were given unlimited access to water. The animals were kept for one week 
before the experiment for acclimatization. The experimental protocols met the Guidelines for Animal Experimentation 
and approved by the Ethical Committee of the University of Sulaimani, College of Pharmacy (Certificate no. PH33-21 on 
14th November 2021) following the institutional Animal Ethics Committee. The study was performed by the Canadian 
Council on Animal Care (CCAC) guidelines.

Study Design
Forty-eight rats used in the current study and kept in cages (8 cubic feet in volume); each cage contained two rats during 
the study, and they were allocated randomly to six groups each consisting of 8 rats as described below:

1. Negative control group: Received 0.5 mL glucose water (GW) intraperitoneally on the first, second, fifth, and 
sixth day of treatment course.

2. Positive control group: Received 4mg/kg OXL intraperitoneally after diluting it in a 5% dextrose solution on the 
first, second, fifth, and sixth days of therapy (total cumulative dose: 16 mg/kg).

3. Zinc + oxaliplatin group: Received 15 mg/kg zinc orally every day for two weeks before starting oxaliplatin 
induction, and then daily for 1 week along with OXL protocol.

4. Melatonin + oxaliplatin group: Received 10 mg/kg melatonin orally every day for two weeks before starting 
oxaliplatin induction, and then daily for 1 week along with OXL protocol.
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5. Zinc + melatonin + oxaliplatin prevention-approach group: Received 15 mg/kg zinc with 10 mg/kg melatonin 
orally every day for two weeks before starting OXL induction, and then daily for 1 week along with OXL protocol.

6. Zinc + melatonin + oxaliplatin treatment-approach group: Received 15 mg/kg zinc with 10 mg/kg melatonin orally 
every day for 1 week along with OXL protocol.

The doses of oxaliplatin, zinc and melatonin and the treatment regimen used in the current study have been chosen 
depending on the previous studies.21,34,35 The rats were euthanized 24 hours after the last dose of OXL administration 
using diethyl ether as anesthetic agent.

Measurement of the Weight and Relative Organ Weight of the Rats
The rats utilized in the experiment were weighed before starting the treatment and on scarification day, using a weight 
measurement scale. The brain was removed carefully, cleaned of all other tissue and weighed. Relative organ weight was 
measured using the following equation:

Relative organ weight % ¼ Organ weight gmð Þx 100=Body weight gmð Þ½ �

Tests of Thermal Nociceptive/Hyperalgesia
Test of Tail Immersion in Hot Water 
This experiment was based on a modification of Adeyemi et al protocol in 2011.36 The tail-immersion in hot water test 
was used to examine thermal sensitivity and measure pain sensitivity in response to a heat stimulus. The middle tails of 
the rats were immersed in a hot water beaker (55◦C ± 0.5◦C) until tail withdrawal (flicking reaction) or evidence of 
a struggle was seen in this experiment (cut-off time 30 sec). The reaction time of the animals to the heat stimuli was 
measured in seconds by tail flick delay. Sensitivity/hyperalgesia was suggested by a shorter tail pullout time, which was 
linked to a central mechanism.37 Using a stopwatch, the time interval between the commencement of tail heating and the 
withdrawal response was manually measured in seconds. To avoid tissue damage, tail heating was halted after 30 seconds 
(cut off time) in the absence of a reaction. The average of the three consecutive tail-flick latency measurements was used 
to compute tail-flick latency for each rat.

Test of Tail Immersion in Cold Water 
The cold-water tail flick test was developed using a modified version of Pizziketti et al's original method (1985). Cold 
stimulation, tail-immersion in cold water test was used to examine thermal sensitivity and measure pain sensitivity. The 
lower half of the tails were immersed in a beaker of cold water (4°C± 0.5°C) until tail withdrawal (flicking reaction) or 
evidence of a struggle was noticed in this test (cut-off time 150 sec). The reaction time of the animals to the cold stimuli 
was measured in seconds by the tail flick delay. Allodynia is indicated by a decrease in the tail withdrawal time.35 Using 
a stopwatch, the time interval between the commencement of tail heating and the withdrawal response was manually 
recorded in seconds.

Brain Tissue Preparation
After the rats were euthanized, the brain was externalized and carefully cleansed with ice-cold phosphate buffer saline, 
before the whole brain was weighed and divided into two pieces. One piece was used for histopathological study, while 
the other was weighed, minced, and mixed with ice-cold phosphate saline (PBS) at 4°C at a concentration of 1:9 wt/v (1 
g of tissue/9 mL of PBS) and with protease inhibitors (PI) at a concentration of 1:100 v/v (1 mL of PI for 100mL of PBS 
and brain tissue mixture) for biochemical testing. The tissue homogenizer was then used to homogenize the solution until 
it was clear. The tissue homogenate solution was then centrifuged for 5 minutes at 8620 g in a cold centrifuge (at 4°C), 
and the resulted supernatant was separated and frozen at (– 65°C) until used.

Biochemical Tests
Tissue homogenate was used using ELISA kits (Bioassay Technology Laboratory, Shanghai, China) for measuring glial 
fibrillary acidic protein (GFAP), neural cell adhesion molecule (NCAM), tumor necrosis factor α (TNF α), mitogen 
activated protein kinase 14 (MAPK 14), nuclear factor-kappa B (NF-kB), superoxide dismutase (SOD) and glutathione 
peroxidase (GPX).
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Histotechnique Protocol
Next to the termination point of each group, animals were fast for at least 12 hours then euthanized humanely with 
anesthetic agent in a specialized scarification chamber. Following necropsy, brain samples were taken for histological 
preparation. Briefly, brain tissues were cut and aligned into tissue cassettes and fixed in 10% buffered formalin for 72 
hours. Then after, tissue sections were dehydrated from the undue water using a series of ascending concentrations of 
ethanol (50%, 60%, 70%, 90%, and 100%), followed by couple steps of xylene cleaning. After that, the brain sections 
were embedded in melted paraffin at (60 −70°C) using an automated wax embedder. Embedded tissue blocks were 
sectioned to 6 µm using a semi-automated rotary microtome. Following that, the tissue sections were placed in a warm 
water bath for few minutes and then hunted and mounted on glass slides using a hot plate slide holder. Later, the glass 
slide-mounted tissue sections were deparaffinized and cleaned up with 2 steps of xylene, 15 minutes each and then oven 
dried at 50°C for 10 minutes. Finally, the tissue sections were stained with alcoholic solutions of Harris’s hematoxylin 
and eosin, and then tissue slides were cleaned as a final step in xylene and cover slipped with glassy cover slides using 
DPX. At the end of this procedure, brain tissues were viewed and examined under bright field light microscope.

Semi Quantitative Histological Assessment
As a morphometric measure, the lesion scoring for brain tissues was estimated semi quantitatively and calculated in µm 
then statistically evaluated as mean percentage for different morphometric values. Briefly, area of perivascular edema 
together with inflammatory exudates, as well as the area of vascular hemorrhage and capillary engorgement with 
microthrombi were measured in µm, and semi quantitatively evaluated in mean percentage. On the other hand, pyknotic 
cells in the cerebrum and cerebellum were counted in a randomly chosen ten fields tissue sections under high power 
magnification (100X), then the mean average was calculated statistically in percentage. Finally, all morphometric values 
were analyzed under the light microscope (NOVEL XSZ-N107, China) via image analyzer software (AmScope Ver. 3.7) 
using a microscope digital camera (MU300, 2019). The mean percentage of the estimated values were expressed as the 
following lesion scores (score 0–10% as no lesions; score 10–50% as mild to moderate lesions; score 50–70% as 
moderate lesions; score 70–85% as moderate to severe lesions; score 85–100% as severe to critical lesions).

Immunohistochemistry (IHC) Screening
The immunohistochemistry (IHC) analysis was performed using a Dako REALTM EnvisionTM Detection System-HRP, 
Peroxidase/(DAB+), Rabbit/Mouse kit (Dako K5007, Denmark) following the manufacturer’s instruction. Paraffin- 
embedded brain tissues were cross-sectioned into 4 µm-thick pieces at 5-mm intervals, heated in oven 70°C overnight, 
deparaffinized at room temperature, and rehydrated for two times, once with xylene for five minutes and once with 
ethanol in a graduation series (absolute ethanol for five minutes, 90% ethanol for two minutes, 70% ethanol for two 
minutes). Then, the slides were washed with wash buffer (PBS manufactured by Bio SB, USA) in slide jars and circled 
around each tissue after being boiled by (TpLink) at 100c for 45 minutes and cooled to room temperature. For the 
detection of p53 and Bcl2 proteins, a monoclonal mouse p53 antibody (DO-7, code M 7001, DAKO, Denmark) and 
monoclonal rabbit Bcl2 antibody (EP36, code CA 93117, Bio SB, USA) were applied. Nonspecific antibody binding was 
blocked by incubation of the tissue section for 10 minutes with (H2O2) in humidity chamber at room temperature. 
Endogenous peroxidase activity in the sections was extinguished by incubation of the sections in 3% hydrogen peroxide 
for 5 minutes. Primary antibodies, Mouse-monoclonal anti-human p53 antibody and rabbit-monoclonal anti-human 
vascular Bcl2 antibody were applied to the sections at a concentration of 1:50 in accordance with the produced protocol 
and incubated in a humidity chamber at room temperature, after being rinsed twice with wash buffer for three minutes 
each. Following the same washing process, sections were incubated for 30 minutes in room temperature with Dextran 
backbone peroxidase-conjugated coupled with goat secondary antibody against rabbit and mouse immunoglobulins 
(Dako REAL, EnVision/HRP, Rabbit/Mouse). The reaction was then observed by staining the sections with 50 micro-
chromogen brown color for 5 minutes; after adding linked for 15 minutes, waiting for conjugation to occur for 15 
minutes, and washing with wash buffer each time. After dehydrating in graded ethanol (alcohol %70 for 2 minutes, 
alcohol %90 for 2 minutes, and alcohol absolute (%100) for 3 minutes) and xylene (for 5 minutes), respectively, sections 
were counterstained with hematoxylin. Utilizing DPX, specimens were mounted and coverslips applied.
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Immuno-Semi Quantitative Evaluation of p53 and Bcl2
Evaluation of P53 and Bcl2 immunohistochemical staining was done based on the Allred combinative semi-quantitative scoring 
system,38 in which the percentage of positive cells and the strength of the reaction product are combined. The final score has eight 
possible values because the two scores are combined. Scores between 0 and 2 are regarded as negative. Scores between 3 and 8 
are regarded as positive. In our study, value between 3 and 4, 5 and 6, 7 and 8 regarded as (+, ++, +++), respectively. The 
immuno-quantitative assessment of P53 and Bcl2 was measured by analyzing the average percentage of immune-positive cells 
together with the intensity of staining in the following manner: immune-positive population scored as 0, <1% of cells population 
scored as 1, 1–10% as 2, 11–33% as 3, 34–66% as 4, and >67% as 5. The staining intensity scored as 0, 1–33% of cells stained 
scored as 1, 34–66% as 2, >67% as 3. Representative images were read by a histopathologist who was unaware of the treatment 
groups using light microscope (OLYMPUS/U-TV0.5XC-3, JAPAN) with the aid of Image J program.

Statistical Analysis
The statistical analysis was performed using GraphPad Prism 8. The values of the measured parameters were expressed 
as mean ± standard deviation (S.D.). For the comparisons between different groups, one-way analysis of variance 
(ANOVA). Unpaired t-tests were used to compare each group with the positive control group. The results were 
considered statistically significant when the p-value was less than 0.05.

Results
Effect of Zinc and Melatonin Alone or in Combination on Total Weight and Relative 
Weight of the Rats
In the present study, a significant reduction was seen in the positive control group in comparison with the negative control 
group (p-value = 0.0002). Meanwhile, zinc and melatonin each alone and in combination in the prevention group and the 
treatment group significantly increased the weight of the rats when compared to the positive control group (p-value = 
0.0001) (p-value = 0.0014), (p-value = 0.029) and (p-value = 0.045), respectively (Figure 1A). Regarding the relative 
weight, no significant changes have been detected in all the treatment groups (Figure 1B).

Effect of Zinc and Melatonin Alone or in Combination on the Behavioral Tests
OXL resulted in a significant decrease in the reaction time to the heat stimuli in the positive control group when 
compared to the negative control group (p-value = 0.0069). Zinc and melatonin each alone and in combination in the 
prevention group significantly increased the reaction time to heat stimuli when compared to the positive control group 
(p-value = 0.0014), (p-value = 0.0055) and (p-value = 0.036), respectively (Figure 2A). The combination of the treatment 
approach also significantly increased the reaction time (p-value = 0.0023).

Regarding the response to cold stimuli; oxaliplatin decreased the reaction time in the positive control group compared 
to the negative control group (p-value = 0.026). The combination of zinc with melatonin for the prevention and treatment 
approach was able to increase the reaction time significantly when compared to the negative control (p-value = 0.014), 
and (p-value = 0.025). Each zinc and melatonin alone and the prevention-combination group also increased the reaction 
time but it did not reach a significant level (p-value = 0.21) and (p-value = 0.82), respectively (Figure 2B).

Effect of Zinc and Melatonin Alone or in Combination on GFAP and NCAM Levels in 
Brain Tissue
The use of oxaliplatin produced in a significant increase in the level of GFAP in comparison with the negative control group 
(p-value = 0.0001). Zinc and melatonin each alone and in combination in the prevention group significantly decreased the level of 
GFAP when compared to the positive control group (p-value = 0.0026), (p-value = 0.0001) and (p-value = 0.01), respectively. 
The combination for the treatment approach also decreased the level of GFAB, but it was statistically not significant (p-value = 
0.07) (Figure 3A). Concerning NCAM level; oxaliplatin produced non-significant decrease when compared with the negative 
control group (p-value = 0.5). Meanwhile, no significant change has been observed with zinc (p-value = 0.44), melatonin (p-value 
= 0.21), combination-prevention (p-value = 0.52) and combination-treatment group (p-value = 0.62) (Figure 3B).
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Effect of Zinc and Melatonin Alone or in Combination on Inflammatory Markers in 
Brain Tissue
The study revealed that the level of NF-kB increased significantly after the treatment with OXL in comparison with the 
negative control group (p-value = 0.008). No significant change has been observed with zinc (p-value = 0.07), melatonin 
(p-value = 0.18), combination-prevention (p-value = 0.39) and combination-treatment group (p-value = 0.16) (Figure 4A).
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Figure 1 Effect of zinc and melatonin alone or in combination on (A) the change in the weight, (B) relative weight; *(p < 0.05), **(p < 0.01), ***(p < 0.001) and ****(p < 
0.0001) significantly different compared to the positive control group using one-way ANOVA and unpaired t-test.
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Figure 2 Effect of zinc and melatonin alone or in combination on (A) behavioral test (hot plate), (B) behavioral test (cold allodynia); *(p < 0.05), and **(p < 0.01), 
significantly different compared to the positive control group using one-way ANOVA and unpaired t-test.
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Furthermore, TNF-α also increased significantly by the administration of OXL (p-value = 0.001) when compared with 
the negative control group. However, none of the treatment groups showed any significant change: zinc (p-value = 0.74), 
melatonin (p-value = 0.9), and combination-prevention group (p-value = 0.72), except for the combination-treatment 
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Figure 3 Effect of zinc and melatonin alone or in combination on (A) GFAP, (B) NCAM; *(p < 0.05), **(p < 0.01), and ***(p < 0.001), significantly different compared to the 
positive control group using one-way ANOVA and unpaired t-test.
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Figure 4 Effect of zinc and melatonin alone or in combination on (A) NF-kB, (B) TNF-α, (C) MAPK-14; *(p < 0.05), and **(p < 0.01), significantly different compared to the 
positive control group using one-way ANOVA and unpaired t-test.
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group; which was able to decrease the level of TNF-α when compared to the positive control group (p-value = 0.023) 
(Figure 4B). Additionally, MAPK-14 level increased by the use of OXL; however, the change was statistically not 
significant (p-value = 0.48), and all the treatment groups did not demonstrate any significant change when compared with 
the positive control group: zinc (p-value = 0.5), melatonin (p-value = 0.8), combination-prevention (p-value = 0.72) and 
combination-treatment group (p-value = 0.74) (Figure 4C).

Effect of Zinc and Melatonin Alone or in Combination on Oxidative Stress Parameters 
in Brain Tissue
The level of GPX and SOD has decreased significantly in the positive control group when compared to the negative 
control group (p-value = 0.013) and (p-value = 0.011), respectively. Each of zinc and the treatment combination groups 
increased the level of GPX but it did not reach a significant level (p-value = 0.99) and (p-value = 0.15), respectively. 
Melatonin and the prevention combination groups were able to increase GPX level significantly (p-value = 0.032), and 
(p-value = 0.046), respectively (Figure 5A). Regarding the level of SOD, a non-significant increase was observed by the 
zinc and the treatment combination (p-value = 0.37) and (p-value = 0.2), respectively. Meanwhile, melatonin and the 
prevention combination groups significantly increased the level of SOD when compared to the positive control group 
(p-value = 0.028), and (p-value = 0.011), respectively (Figure 5B).

Histopathology
Initially, Table 1 establishes the morphometric semiquantitative assessment of brain tissue, with different histological 
lesions, and shows a significant P < 0.05 reduction in the percentage of the area of edema together with inflammatory 
exudates in G5 animals (Zinc and Melatonin prevention group) in comparison with other treatment groups particularly 
with G2 OXL group, evident by the tremendous decrease in the mean percentage of hemorrhagic area in addition to the 
reduction in the amount of microthrombi together with the numbers of pyknotic neuroglial cells which has been shown 
clearly in Figure 6. Moreover, Figure 6 reveals a significant reduction in most morphological lesions in the treatment 
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Figure 5 Effect of zinc and melatonin alone or in combination on (A) GPX, (B) SOD; *(p < 0.05), significantly different compared to the positive control group using one- 
way ANOVA and unpaired t-test.

https://doi.org/10.2147/DDDT.S385914                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2022:16 3454

Ali and Aziz                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


groups in comparison to the control positive group G2; however, it is moderately much significant in G3 and G4 (zinc 
and melatonin groups) in comparison to the treatment-approach group (G6). On the other hand, Figure 7 demonstrates the 
same morphological improvements in the cerebellum sections as in Figure 6. Particularly, animals treated with zinc and 
melatonin as a preventive measure (G5), show a significant reduction in nearly most of the inflammatory biostatistical 
markers in comparison with the G2 group. Overall, the semi-quantitative morphometric calculation and lesion scoring in 
all treatment groups has been clearly changed and significantly reduced in comparison with the oxaliplatin group (G2), 
thus it is much more significant in prevention-approach trial G5 in both cerebrum and cerebellum, followed by Zinc and 
Melatonin groups G3 and G4. However, lesion scoring is minimized as well in treatment-approach group G6 in all brain 
tissues as shown in Table 1, yet it is not significant in comparison to the other treatment groups, especially G5. Therefore, 
zinc and melatonin supplementation as a prevention measure in calculated doses show eminent amelioration in the 
morphometric values (Table 1) and histopathological lesions (Figures 6 and 7).

Immunohistochemistry
In general, the combinative semi-quantitative assay of immuno-positive reactions with the P53 antibodies is illustrated in 
(Table 2), which shows lower percentage of P53 cell expression and stain intensity in zinc plus melatonin prevention and 
treatment groups (+ for both groups). Furthermore, moderate cell expression and stain intensity of P53 antibody in zinc, 
melatonin, and negative control groups G1 (++ in all groups). In terms of statistical analysis for P53 biomarker, zinc plus 
melatonin prevention and treatment groups showed significant (P < 0.01) decrease in the expression of immune-positive 
cells and in stain intensity in comparison with oxaliplatin group as shown in (Table 2). Although zinc alone and 
melatonin alone groups showed non-significant (p > 0.05) decrease in immune-positive cell expression and stain 
intensity, but they revealed lower value when compared to positive control group (Figure 8). On the other hand, 
Table 3 semi-quantitatively demonstrates the effect of different treatment platforms on expression of Bcl2 protein. 
Generally speaking, zinc alone and zinc plus melatonin prevention approach group produced comparable effect and 
nearly the same percentage of Bcl2 expression and stain intensity in comparison to the positive control group (+++ in all 
groups); in contrast, melatonin alone group and zinc plus melatonin in the treatment approach groups show lower 

Table 1 Histological Quantitative Evaluation of Brain

Experimental 
Groups N=8

Area of 
Edema* 

(Mean%)**

Inflammatory 
Exudate  

(Mean %)**

Microthrombi 
(Mean %)**

Area of 
Hemorrhage 
(Mean %)**

Pycnotic 
Cells  

(Mean %)**

Lesion 
Scoring  

(0–100%)

Lesion 
Grading

(G1) NCG 2.43%A# 3.15% A 7.93%A 1.64%A 6.47%A 0–10% No lesion

(G2) PCG 89.48%E 89.75%E 94.78%E 92.81%E 90.32%E 85–100% Critical

(G3) OXA+ 
ZIN 15 mg/kg

76.25%D 78.52%D 83.68%D 71.49%D 79.82%D 70–85% Moderate- 
Severe

(G4) OXA+ 
MEL 10 mg/kg

79.39%D 80.75%D 79.28%D 73.81%D 83.77%D 70–85% Moderate- 

Severe

(G5) OXA+ 
ZIN+ MEL 
(PG)

62.34%C 63.54%C 68.23%C 59.78%C 60.51%C 50–70% Moderate

(G6) OXA+ 
ZIN+ MEL 
(TG)

78.17%D 74.62%D 80.42%D 71.64%D 77.49%D 70–85% Moderate- 

Severe

Notes: *Area of edema, hemorrhage, inflammatory exudate, and microthrombi were estimated by (µm). All morphometric values of lesion scoring were estimated in mean 
average. **Each value represents the mean percentage of eight animals (n=8). Statistical comparison among groups: Mean values with different capital letters (A, B, C, D, and 
E) have significant differences at (P < 0.05). 
Abbreviations: G1, negative control group (NCG); G2, positive control group (PCG); G3, positive control group with zinc (ZIN); G4, positive control group with 
melatonin (MEL); G5, control positive group with zinc and melatonin, preventive group (PG); G6, positive control group with zinc and melatonin, treatment group (TG).
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immune positive cell expression and weak, moderate stain intensity when compared with positive control group (++ in 
both groups) (Figure 9).

Discussion
Many studies showed the effectiveness of combining melatonin with zinc in boosting the immune system,31,39 increasing 
body energy and enhancing good quality of life,40 as well as improving antioxidant capacity.30 To the best of our 
knowledge, this is the first study on the use of this combination in neurotoxicity induced by oxaliplatin for the possible 
synergistic effect in both prevention and treatment approaches. Melatonin has been known as a powerful biological 
antioxidant in neutralizing free radicals,41 in addition to physiologic tasks such as governing day-night cycle, inducing 
sleep, seasonal regulation of reproduction, and enhancing immune system activity.39 Because of these properties, 
melatonin is a prospective therapy for neurodegenerative disease prevention and treatment. In the present study, both 
melatonin and zinc alone or in combination protected the tested animals from the deleterious effects of oxaliplatin that 
appeared as the normal growth of the rats. These impacts may be contributed to the modification of the circadian cycle, 
expanding sleep length and resulting in more growth hormone release.42,43 Additionally, zinc supplementation has been 
shown in many studies to boost growth hormone secretion in school-aged children.44,45 Response to pain sensitivity also 
improved by using hot-plate and cold allodynia test, and the combination groups demonstrated a better effect. Thermal 
hyperalgesia has long been recognized as an important indicator of peripheral neuropathy.46 Exaggerated hyperalgesic 
behavior is thought to occur in animals in reaction to noxious stimuli, and this behavior may mimic characteristics of 
painful neuropathy.47 Furthermore, the analgesic effect of melatonin could be attributed to the interference with the 
action of glutamate, gamma-aminobutyric acid, and, in particular, opioid neurotransmission.48 Melatonin also showed to 
exhibit a neuroprotective effects when used in animal diabetic model of neuropathy35 and attenuated the neuropathic pain 

Figure 6 Photomicrograph of brain tissue from groups; (G1): Reveal standard arrangement and typically oriented neurons within the gray matter (GM), evident by 
organized layout of pyramidal cell layer (PC). The section shows non-significant pycnotic cells (PN) with capillary engorgement (CE) in the area of cerebral cortex. (G2): 
Elucidate the presence of light eosinophilic edema (ED) within the cerebral cortex mixed with scattered inflammatory cells (inflammatory exudates) (IF), together with many 
areas of hemorrhage (HR). Presence of pyknotic cells (yellow arrows) along with shrunk neurons (SN). (G3): Display the presence of mild capillary engorgement and 
microthrombi (yellow arrows) together with vascular congestion (VC), with the incidence of some vacuolar degeneration (VD). The section also expresses some pyknotic 
cells (PC) together with some shrunk neurons (SN). (G4): Show the extensive distribution of pyknotic cells (yellow arrows), together with few degenerative cells (DC). The 
section reveals a mild area of perivascular edema mixed with inflammatory cells (PV), in addition to the area of slight microthrombi (red arrows). (G5): Reveal mildly 
expressed vascular congestion (VC), perivascular edema (PE), and some microthrombi (yellow arrows). With the presence of some pycnotic glial cells (PN) together with 
some shrunk neurons, the section still shows many intact neurons (white arrow). (G6): Show many areas of vascular congestion and engorgement (yellow arrows), attended 
with perivascular edema (PE). Moreover, the section reveals the incidence of many pycnotic (PC), degenerative (DC) and shrank neuroglial cells (SN). H&E. Scale bar: 4 mm.
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induced by paclitaxel.49 Additionally, melatonin was found to enhance autophagy in oxaliplatin-induced neuropathy.50 

Furthermore, degeneration and cognitive decline issues, such as increased neuronal death and reduced learning and 
memory, are caused by zinc deficiency. Zinc, as a biological component, has a physiological effect in the central nervous 
system as well as a pathological impact in neurological diseases.51 GFAP has been proven to play a role in CNS damage 

Figure 7 Photomicrograph of brain tissue from groups; (G1): Display the intact white matter (WM), together with typically organized cerebral layers apparent with granular 
layer (GL), Purkinje cell layer (PL) and molecular layer (ML). The section also reveals slight capillary engorgement (yellow arrow) with few pyknotic cells (red arrow). (G2): 
Show the presence of diffuse pinkish edematous fluid (ED) mixed with a significant amount of inflammatory exudates (IF), together with diffuse areas of vascular hemorrhage 
(yellow arrows). The section also reveals many pyknotic cells (PC) as well as many (vacuolar degeneration). (G3): Display moderate vascular microthrombi (yellow arrows) 
distributed within the normal-appearing white matter (WM), together with the presence of some degenerative (DC) and pyknotic cells (black arrow) in the Purkinje cell 
layer. (G4): Show the presence of moderate capillary microthrombi (yellow arrows) in the areas of white matter and cerebral tissue. Moreover, the section reveals many 
pycnotic dark cells (PC) together with pericellular necrotic edema (ED). (G5): Display mildly distinct vascular microthrombi (yellow arrows), together with the incidence of 
some degenerative cells (DC), along with a few pyknotic debris within the cerebellar molecular layer (ML). (G6): Demonstrate many areas of severe vascular congestion 
(VC) and microthrombi capillary engorgement (yellow arrows), to be present with perivascular edema (PE) and perivascular coughing of inflammatory cells (PC). 
Additionally, the section shows the occurrence of many degenerative cells (DC) within the Purkinje cell layer. H&E. Scale bar: 4 mm.

Table 2 Immunohistochemical Quantitative Assay of P53

Experimental Groups N=8 Immunopositively 
Cells (Mean %)**

IHC Scoring 
Intensity (1–100%)

IHC Scaling 
Intensity (0–4)

IHC Grading Final 
Grading 
System

(G1) CNG 20.68%A 1–25% 1 Weak +

(G2) CPG 78.39%D 75–100% 4 Very Strong ++++

(G3) OXA+ ZIN 15 mg/kg 57.81%C 50–75% 3 Strong +++

(G4) OXA+ MEL 10 mg/kg 44.27%B 25–50% 2 Moderate ++

(G5) OXA+ ZIN+ MEL (PG) 21.96%A 1–25% 1 Weak +

(G6) OXA+ ZIN+ MEL (TG) 23.31%A 1–25% 1 Weak +

Notes: **Each value represents the mean percentage of immunopositively cells from eight animals (n=8). Statistical comparison among groups: Mean values with different 
capital letters (A, B, C, and D) have significant differences at (P < 0.05). 
Abbreviations: G1, negative control group (CNG); G2, positive control group (CPG); G3, positive control group with zinc (ZIN); G4, positive control group with 
melatonin (MEL); G5, positive control group with zinc and melatonin, preventive approach group (PG); G6, positive control group with zinc and melatonin, treatment 
approach group (TG).
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repair. More specifically, it is known for its function in the creation of glial scars in a variety of CNS sites, including the 
brain.52 The intermediate filament protein GFAP is found in glial cells such as astrocytes and ependymal cells. 
Overexpression of GFAP has been linked to astrocyte homeostasis disruption in neuropathological situations and in 
response to neurotoxins in this environment.53,54 In the current study, melatonin and zinc alone and in combination for 
the prevention approach were able to decrease the level of GFAP with no significant effect on NCAM. NCAMs are 
membrane glycoproteins that are involved in the growth of axons and synapses, as well as the activation of signal 
pathways, and the adhesion and migration of nervous system cells.55 This study confirmed that NCAM levels were 
reduced due to OXL-induced damage in the brain. Although, the reduction was not significant; all the treatment groups 

Figure 8 Photomicrograph of brain tissue represents immunohistochemical staining with P53 antibody from groups; (G1): The section shows many weakly stained 
immunopositively nerve cells. (G2): Show the presence of large number of deeply brown stained immunopositively cells (G3): Demonstrate the presence of some 
moderately stained brownish immunopositively cells. (G4): Display the occurrence of many immunopositively neurons with moderate brownish chromatosis. (G5): Reveal 
little expression of weakly stained immunopositively nerve cells. (G6): Show the presence of tiny light-brown stained immunoreactive cells. Scale bar: 4 mm.

Table 3 Immunohistochemical Quantitative Assay of Bcl2

Experimental Groups N=8 Immunopositively 
Cells (Mean %)**

IHC Scoring 
Intensity (1 −100%)

IHC Scaling 
Intensity (0–4)

IHC 
Grading

Final 
Grading 
System

(G1) CNG 68.55%A 50–75% 3 Strong +++

(G2) CPG 48.39%B 25–50% 2 Moderate ++

(G3) OXA+ ZIN 15 mg/kg 57.46%A 50–75% 3 Strong +++

(G4) OXA+ MEL 10 mg/kg 44.91%B 25–50% 2 Moderate ++

(G5) OXA+ ZIN+ MEL (PG) 33.62%B 25–50% 2 Moderate ++

(G6) OXA+ ZIN+ MEL (TG) 34.85%B 25–50% 2 Moderate ++

Notes: **Each value represents the mean percentage of immunopositively cells from eight animals (n=8). Statistical comparison among groups: Mean values with different 
capital letters (A and B) have significant differences at (P < 0.05). 
Abbreviations: G1, negative control group (CNG); G2, positive control group (CPG); G3, positive control group with zinc (ZIN); G4, positive control group with 
melatonin (MEL); G5, positive control group with zinc and melatonin, preventive approach group (PG); G6, positive control group with zinc and melatonin, treatment 
approach group (TG).
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increased its level when compared to the OXL group. This effect could be attributed to the neuroprotective effect of each 
of zinc56 and melatonin.57

Oxaliplatin increased the levels of the inflammatory markers and the treatment combination of zinc and melatonin 
demonstrated a better effect in this regard. The NF-κB cascade underlies the pathophysiology of various inflammatory 
conditions and is aberrantly activated by oxidative stress, cytokines, and MAPK14.58 Furthermore, MAPK14, is 
considered as a central organizer of the inflammatory reaction in numerous cells.59 TNF-α is another inflammatory 
cytokine, which plays a pivotal role in the inflammatory response,60 and it is released when NFk-B is activated, which 
starts the inflammatory response in the body.61 Several studies proved the role of melatonin in reducing both chronic and 
acute inflammations62 through regulating proinflammatory and anti-inflammatory cytokines,63 and recently melatonin has 
been shown to attenuate neuroinflammation associated with parkinsonism.64 On the other hand, zinc also showed 
a beneficial effect in reducing the inflammatory reactions via decreasing NF-κB, TNF-α and IL-1β activation.65 

Moreover, the antioxidant effect of melatonin alone and in the combination for the prevention approach was clearly 
demonstrated through elevating the levels of both GPX and SOD. Various studies proved the role of melatonin in 
attenuating oxidative stress,24,66 and demonstrated its role in the treatment of neurodegenerative illnesses because of its 
multiple roles in scavenging free radicals, regulating oxidant and prooxidant enzymes, and inhibiting the production of 
mitochondrial radicals.41

The histopathological finding revealed a protective effect in all the treatment groups with maximum protection 
produced by the combination group for the protective approach. This effect was clearly demonstrated through attenuating 
the mean percentage of hemorrhagic and edematous area along with the decline of the inflammatory and lesion scoring. 
These findings are in tune with other studies that proved the anti-inflammatory activities of each of zinc and melatonin 
alone67,68 and in combinations.69

Regarding the findings of the immunohistochemistry, OXL-treated animals resulted in higher levels of p53 proteins 
than control animals. Meanwhile, zinc plus melatonin in both the prevention and treatment groups attenuated the level of 
p53 protein when compared to OXL-treated animals. Moreover, Bcl2 level was significantly lower in OXL-treated group 

Figure 9 Photomicrograph of brain tissue represents immunohistochemical staining with Bcl2 antibody from groups; (G1): Displays diffuse numbers of positive moderately 
stained immune reactive cells (G2): Illustrate the presence of many deep immunopositively stained brownish astrocyte cells (G3): Display the presence of a diffuse number 
of deeply stained immunopositively astrocyte cells (G4): Display the occurrence of some moderately brownish-chromatic stained immunopositively cells. (G5): Express 
many distributions of deep-brownish stained immunopositively cells. (G6): Reveal the incidence of small numbers of weakly stained brownish immunopositively cells. IHC. 
Scale bar: 4 mm.
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in comparison with control animals and this was comparable with the prevention-combination group. While both 
melatonin alone and the treatment-combination resulted in lower level of Bcl2 when compared to OXL-treated group. 
Apoptosis is a type of controlled cell death that is involved in many biological processes, including the regulation of 
cellular homeostasis.70 In tune with the present study, previous findings demonstrated that neuropathic pain could be 
mediated by increased apoptotic alterations in dorsal root ganglion neurons as a result of overexpression of the p53 gene 
and subsequent increases in caspase-3 expression.71,72 Furthermore, a new study on melatonin proved the antiapoptotic 
effect via p53 pathway,73 and melatonin was also shown to suppress neuronal apoptosis ameliorating neuronal damage.74 

On the other hand, excess Zn has been linked with structure modification of the p53 protein inhibiting its ability to bind 
to DNA.75 Bcl2 value till the date is a matter of debate, and studies revealed the modulating role of melatonin in 
regulating autophagy and apoptosis through different mechanisms like downregulation of Bcl2 expression.76 On the other 
hand, zinc is involved in proliferation and apoptosis and consistent with the finding of the current work, zinc alone 
increased the expression of Bcl2.77 However, the combination groups lowered the expression of Bcl2. This modulatory 
effect could be the reason behind decreasing the neuropathic pain and may explain the neuroprotection achieved by this 
combination.

Conclusion
The combination of zinc with melatonin for both approaches was effective in improving the behavioral tests, and the 
prevention approach revealed a maximum effect in the histopathological findings than the use of each alone or the 
treatment approach. The proposed mechanism of decreasing neurotoxicity and neuropathic pain is via attenuating GFAP, 
TNF-α and boosting the antioxidant system. Additionally, our finding revealed a novel mechanism of protection against 
neuropathic pain provided by the aforementioned combination through ameliorating the expression of p53.
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