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ABSTRACT 

Doxorubicin is a chemotherapeutic agent that adversely affects the brain, causes deficits in 

learning, memory, attention, motor activity, and executive function. The impairment of 

cognition such as learning and memory directly affect the hippocampus. Gallic acid has 

antioxidant and neuroprotective activities. This study was designed to investigate the 

protectiveeffect of gallic acid on doxorubicin-induced neuron damage in hippocampal CA3. 

Thirty-two (32) albino Wistar rats were randomized into four (4) sub-groups of 8 rats each. 

Group 1 rats received 0.1mL of normal saline intraperitoneal for two weeks. Group 2 rats 

received 15mg/kg of Doxorubicin weekly intraperitoneally for two weeks.  Group 3 rats 

received 15mg/kg of Doxorubicin weekly intraperitoneally and orally treated with gallic acid at 

dose of 60mg/kg daily for two weeks. Group 4 rats received 15mg/kg of Doxorubicin weekly 

and orally treated with gallic acid at dose of 120mg/kg daily for two weeks. Thereafter, tissue 

antioxidant marker enzymes (SOD,GSH, MDA), H and E, and immunohistochemistry of NeuN 

and Myelin Basic Protein were carried out to ascertain the effects of Gallic acid on Doxorubicin 

challenge. DOX altered the antioxidant parameters by decreasing the GSH, SOD and increased 

MDA. The findings revealed the presence of cytoplasm vacuolations, degenerating neurons and 

pyknotic nuclei prominent in doxorubicin group upon haematoxylin and eosin staining, 

positive immunoreactivity with few neurons upon NeuN staining and decreased MBP 

expression. Gallic acid reversed the effects on the doxorubicin. Gallic acid dose-dependent its 

neuroprotective effect and would be beneficial in the doxorubicin chemotherapy when 

administered for longer duration. 
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INTRODUCTION 

Chemotherapy is a widely recognised 

treatment for patients with cancer [1]. It 

adversely affects brain structure and 

functions, these causes loss of neurons, 

deficits in learning, memory, attention, 

motor activity, and executive function [2,3]. 

Seventy percent (70%) of cancer patients 

receiving chemotherapy develop cognitive 

impairment at some point during or after 

treatment [4]. Doxorubicin is a potent 

chemotherapeutic drug, a broad spectrum 

anthracyline [1]. It is associated with 

cognitive impairment and neurotoxicity that 

affects treatment outcome [4,5]. 

Doxorubicin has access to the blood-brain-

barrier (BBB) and, influences the release of 

inflammatory factors, neurotransmitters, 

neurogenesis and survival pathways to 

initiate neurotoxic events [1].  Doxorubicin 

damages normal and non-cancerous cells 

[6]. Doxorubicin acts via DNA cross-linking 

which results in the disruption of the cell 

cycle and subsequent death of cancer cells 

and rapidly dividing healthy non-cancerous 

cells [7,8,9]. In the central nervous system 

(CNS), doxorubicin enhances neuronal cell 

death in the early and late days of 

administration [10]. The death of neurons 

impairs cognitive functions such as learning 

and memory loss in the hippocampus. Due 

to the therapeutic benefits of doxorubicin 

in cancer treatment, it has become 

increasingly essential to find remedies with 

protective effects against doxorubicin 

induced adverse effects such as 

chemobrain. Bioactive plant compounds are 

found in fruits, vegetables and grains which 

can that provide health benefits in reducing 

the risk of diseases [11]. For instance, 

phenolic compounds are a main class of 

secondary metabolites in plants with 

diverse benefits. Gallic acid (GA) is a 
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polyphenol compound found in many 

vegetables and fruits such as bananas, 

strawberries, sumac, green tea, and oak 

bark [12]. It exhibits antioxidant, anti-

inflammatory, anticancer and antiviral 

activities [12,13,14,15]. Plant derived 

compounds with antioxidant properties are 

useful in mitigating the therapeutic adverse 

effect of drugs including doxorubicin. The 

hippocampus is associated with learning, 

memory and emotion. The hippocampus 

proper is defined by the dentate gyrus and 

Cornu Ammonis (CA). While the dentate 

gyrus contains the fascia dentate and the 

hilus while the CA is anatomically and 

functionally differentiated into distinct sub-

fields named CA1, CA2, CA3, and CA4. The 

CA3 is the largest in the hippocampus and 

receives fibers from the dentate granule 

cells on their proximal dendrites [16].The 

CA3 plays specific role in memory 

processes, and linked to cognitive deficit. 

Seizure susceptibility and 

neurodegeneration [17].The integrity of 

neurons in health and disease can be 

accessed in order to ascertain the 

functional status at a given period. For 

example, the NeuN is expressed only by 

neurons and allows the neuron to be 

demonstrated in health and disease [18]. 

The neuronal nuclear antigen (NeuN) 

reactivity could depict the functional status 

of neuron and detects matured post-mitotic 

neurons. Neuronal damage is reported in 

doxorubicin chemotherapy [4]. There exists 

a need to develop interventions to combat 

the neuronal damage accompanying 

chemobrain condition so as to improve the 

treatment outcome. Gallic acid and its 

derivatives have demonstrated broad range 

of beneficial effects in the prevention 

and/or management of several disorders 

including cancers. It has acceptable safety 

profiles, which make it an option as dietary 

supplements. Therefore, our concern in this 

present study is to evaluate the effect of 

Gallic acid on Doxorubicin-induced 

neuronal damage in hippocampal CA3 

myelination and functional state of 

neurons.  

MATERIALS AND METHODS 

Gallic acid was purchased from Zigma, 

Aldrich USA. Doxorubicin was procured 

from Sterling Biotech. India. Analytical and 

Standard graded chemicals were obtained 

from registered chemical stores in Enugu 

State, Nigeria. Thirty-two (32) Wistar rats 

weighing between 160g -190g of age 6-8 

weeks were purchased and housed at the 

animal house of the Enugu State University 

of College of Medicine, Nigeria. The rats 

were housed in well aerated laboratory 

cages with soft wood shavings as bedding. 

They were allowed two weeks to 

acclimatize, fed with pelleted animal feed. 

The animals were maintained under 

laboratory conditions (temperature 26-28
O

C 

with relative humidity of 60-70 percent, and 

a 12- hours- light-dark cycle). The rats were 

weighed and randomized into groups. The 

protocol for the conduct of the study was 

reviewed and approved by the Faculty 

Research Ethic Committee (FREC) of Enugu 

State University of College of Medicine, 

Nigeria with certificate number. 

Experimental Design 

The rats were randomized into four (4) sub-

groups of 8 rats each. Group 1 rats received 

0.1mL of normal saline intraperitoneal for 

two weeks. Group 2 rats received 15mg/kg 

of Doxorubicin weekly (I.p)/ 2 dose Group 3 

rats received 15mg/kg of Doxorubicin 

weekly (I.p)/ 2 dose and orally treated with 

daily doses of gallic acid at dose of 

60mg/kg daily for two weeks. Group 4 rats 

received 15mg/kg of Doxorubicin weekly 

(I.p)/ 2 dose and orally treated with a daily 

dose of gallic acid at dose of 120mg /kg for 

two weeks. 

Termination of Experiment 

Collection of Tissue for Evaluation of Oxidative Markers 

After the blood collection all the rats was 

sacrificed under light ester anesthesia. The 

brain was quickly harvested, half of the 

brain harvested was homogenised for 

evaluation of oxidative markers: Total brain 

Superoxide dismutase (SOD), 

Malondialdehyde (MDA) and glutathione 

(GSH). The remaining brain tissue were 

fixed in 10% formal saline for H&E, NeuN 

and MBP immunohistochemical staining 

following the standard protocols for each 

marker.  

Determination of Antioxidant Biomarkers 

The activities of total SOD, MDA, and 

glutathione peroxidase in the tissue were 

determined using commercially available 

kits from BioVision Research Products 
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(Linda Vista Avenue, USA) according to the 

instruction of the manufacturer. Thereafter, 

data obtained from the oxidative markers 

were recorded and analysed using the 

statistical package for Social Science (SPSS) 

version 25(Chicago, USA). All values were 

presented as mean ± standard error of the 

mean. Comparison of multiple groups was 

analysed by one-way analysis of variance. p 

< 0.05, p < 0.01 considered to be 

significant. 

Histological Techniques 

The hippocampi were fixed in 10% formal 

saline 72 hrs and dehydrated through 

ascending grades of alcohols (50 % , 

70 %, 90%  and absolute alcohol) for 45 

minutes each. The tissues were cleared in 

three changes of xylene for 45mins each 

and impregnated in three changed of 

molten paraffin wax for 30mins each. The 

impregnated tissues were then embedded in 

paraffin and to solidify. The embedded 

paraffin block were trimmed and prepared 

for sectioning. The tissues were serially 

sectioned to form ribbons of 5µm thick on 

the rotary microtome. Sections were 

routinely stained for H&E  following the 

standard procedure and micrographed. 

 

                                            Immunohistochemistry of NeuN and  MBP 

The Avidin-Biotin Complex (ABC) 

Immunoperoxidase method to 

demonstrated NeuN and MBP. The 

processed tissue was sectioned at 5 microns 

on the rotary microtome and placed on the 

hot plate at 70 degrees for at least 1 hour. 

Sections were brought down to water by 

passing them on 2 changes of xylene, then 

3 changes of descending grades (100%, 90%, 

70% & 50%) of alcohol and finally water. 

Antigen retrieval was performed on the 

section by heating them on a citric acid 

solution of pH 6.0 using the microwave at 

power 100 for 15 minutes. The sections 

were equilibrated gradually with cool water 

to displace the hot citric acid for at-least 5 

mins for the sections to cool. Peroxidase 

blocking was carried out on the sections by 

simply covering sections with 3% hydrogen 

peroxide (H
2

O
2)

 for 15 minutes. Sections 

were washed with phosphate buffered 

saline (PBS) and protein blocking was 

performed using Avidin for 15 minutes. 

Sections were washed with Phosphate 

buffered saline (PBS) and endogenous biotin 

in tissues was blocked using biotin for 15 

minutes. After washing with phosphate 

buffered saline (PBS) sections were 

incubated with the diluted NeuN or MBP 

primary antibody (manufactured by 

Novocastra, LEICA Germany) was diluted 

1:100 for 60 minutes. Excess antibodies 

were washed off with PBS and a secondary 

antibody (LINK) was applied on section for 

15 minutes. Sections were washed and the 

(LABEL) which is the (Hpp) were applied on 

the section for 15 minutes. A working DAB 

solution was constituted by mixing 1 drop 

(20microns) of the DAB chromogen to 1ml 

of the DAB substrate. This working solution 

was applied on sections after washing off 

the HPP with PBS for at least 5 minutes. The 

brown reactions begin to appear at this 

moment especially for a positive target. 

Excess DAB solution and precipitate were 

washed off with water. Sections were 

counter-stained with haematoxylin 

solutions for at least 2 minutes. Sections 

were dehydrated in alcohol, cleared in 

xylene and mounted in DPX. The slides were 

interpreted and photographed. 

RESULTS 

Assessment of Antioxidant Markers 

The effect of Gallic acid on the tissue levels 

of glutathione (GSH), Malondialdehyde 

(MDA) and superoxide dismutase (SOD) of 

wistar rats treated with Doxorubicin is 

shown below. 
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Histological Assessment 

The hippocampal section of the normal 

saline revealed normal neurons in the 

granular  (Black arrow) and pyramidal layer  

(white arrow). Doxorubicin revealed 

cytoplasmic vacuolations (Black arrow) with 

and degenerating neurons that had pyknotic 

nuclei prominent in the granular layer 

(white arrow). The low dose of gallic acid 

treated group showing less neurons with 

cytoplasmic vacuolations (Black arrow) and 

few regenerating neurons with centric 

nuclei (white arrow) prominent in the 

granular layer. The high dose of gallic acid 

treated group showed few neurons with 

cytoplasmic  vacuolations (Black arrow) and 

few regenerating neurons with centric 

nuclei (white arrow) prominent in the 

granular layer. (Figure 2:A to D). H & E, 

X400. In the immunohistochemistry of 

NeuN to assess neuron integrity all the 

hippocampal sections depict positive 

immunoreactivity normal expression in the 

normal saline. Only few neuron expressed 

NeuN in the doxorubicintreated while the 

expression of NeuN increased in the low 

dose and high gallic acid (Figure 2:E to H). 

NeuN, x400. Myelin Basic Protein (MBP) 

expression of hippocampal sections also 

revealed positive immunoreactivity in all 

the groups. Hippocampal section of 

doxorubicin group showed positive 

prominent myelin expression. The low dose 

and high dose gallic acid treated relatively 

normal myelin expression compared to the 

normal saline and doxorubicin. (Figure 2 to 

L)Mbp, x400. 

 

 
Figure 2: Hippocampal section (A) Normal 

saline (B) Doxorubicin only (C) DOX +Low 

dose Gallic acid (D) DOX + high dose of 

gallic acid. H & E. x400. (E)Normal saline (F) 

Doxorubicin only (G) DOX +Low dose Gallic 

acid (H) DOX + high dose of gallic acid 

NeuN, x400. (I) Normal saline (J) 

Doxorubicin only (K) DOX +Low dose Gallic 

acid (L) DOX + high dose of gallic acid.MBP. 

X400. 

DISCUSSION 

Oxidative stress is a key factor in the 

etiology of various diseases including the 

central nervous system, it is associated with 

haematological and behavioural changes 

such as in depression and anxiety [19]. 

Superoxide dismutase (SOD) and 

glutathione peroxidase (GSH) are some of 

the constituents of this defense system [20] 

DOX altered oxidative parameters by 

decreasing the GSH, and SOD while 

increasing MDA in this study. This result is 

aligning with previous studies [21, 22, 23]. 

Oxidative stress occurs when the 

production of reactive oxygen species 

exceeds the antioxidant defense capacity 

[24]. During oxidative stress, the 

productionthe body’s antioxidant is 

depleted, such as vitamins C and E, and 
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glutathione [25]. Consequently, elicits 

oxidation of proteins, membrane lipids, 

DNA damage, and cell apoptosis [26] and 

causes overproduction of MDA [27]. 

MDA is a small but stable product of lipid 

peroxidation that is produced by 

degradation of the unstable peroxides of 

unsaturated fatty acids. Excessive lipid 

peroxidation in nerve cells causes cell death 

[28]. In order to fight free radicals, 

antioxidant defense mechanisms prevent 

the adverse effects of oxidant. Diminished 

GSH levels elevate cellular vulnerability 

toward oxidative stress which is 

characterized by heighten levels of reactive 

oxygen species that contribute to oxidative 

stress mechanism [29]. In the CNS, GSH 

deficiency plays a key role in the 

pathogenesis of many CNS diseases 

including Alzheimer’s with cognitive 

impairment [30]. but, gallic acid reversed 

the above effect by exhibiting antioxidant 

property,it  increased SOD, GSH and 

decreased MDA.This signifies  both 

reversing oxidation and lipid peroxidation 

in the treated groups. Its antioxidant effect 

was better appreciated in the high dosage 

thus agreeing with previous studies [31, 32, 

33]. Doxorubicin adversely affects brain 

structure and functions, like loss of 

neurons, deficits in learning, memory, 

attention, motor activity, and executive 

function [2,3]. Our findings revealed the 

presence of cytoplasm vacuolations and 

pyknotic nuclei in doxorubicin. These are 

features of cellular adaptive changes in 

cells response to a harmful agent. 

Cytoplasmic vacuolation could occur in 

cells as a result of exposure to pathogens 

resulting in cell death [34]. Pyknosisis the 

irreversible condensation of chromatin in 

the nucleus of a cell undergoing necrosis or 

apoptosis and fragmentation of the nucleus 

as in  degenerating neurons [35, 36]. Such 

neuronal degeneration might ultimately 

involve cell death. It is evident that 

oxidative stress is one of major 

contributing factors to neurodegeneration 

besides inflammation [37, 38, 39]. This also 

collaborate the induction of oxidative stress 

by Doxorubicin in the alteration of the 

marker enzymes. It was found that 

doxorubicin damaged mitochondrial 

function in the hippocampus, resulting in 

elevated mitochondrial ROS levels and 

calcium disorder [10, 40, 41]. Oxidative 

stress and neuron degeneration caused by 

abnormal mitochondria are one of the 

important causes of cognitive impairment 

[10]. Gallic acid was able to reverse the 

doxorubicin-induced neurotoxicity, through 

the reversal of oxidative stress and 

probably anti inflammatory activity in the 

brain. This effect of gallic acid confirm 

finding of other previous works [42, 43, 44]. 

NeuN is a neuronal nuclear antigen that is 

commonly used as a biomarker for neurons. 

The NeuN protein is associated with 

neuronal nuclei and the perinuclear 

cytoplasm and it is exclusive to the nervous 

tissue [45, 46]. The antibody for NeuN was 

implored in this study as an indicator to 

assess the functional state of neurons 

following administration of Dox and gallic 

acid. It is suitably applied in morphological 

diagnosis of cancer and histopathological 

research in the detection of post mitotic 

neurons that demonstrate the presence of 

the neuronal nuclei protein (NeuN) [47, 48]. 

NeuN also identifies areas of low chromatin 

density and absence dense packing of DNA 

[49]. This signifies NeuN functions at the 

level of the cell nucleus. In this study, 

positive immunoreactivity with few neurons 

was observed implying there was loss of 

neurons in the hippocampus that are 

actively dividing. It is established that 

injured neurons have faulty expression of 

NeuN protein in the cell, for example axonal 

injury leads to an almost complete loss of 

NeuN expression. On the contrary, a  

negative result of the reaction to NeuN 

might by inferred as: absence of neuron 

protein expression in a cell, decrease 

protein synthesis leaving small amount 

undetectable [18] or Post translational 

modifications such as protein to protein 

interaction by phosphorylation [49]. This 

study affirm the positive reaction of NeuN 

in the rat brain and the reliability of the 

application [50]. NeuN immunoreactivity 

can be affected by prolonging fixation in 

formalin which reduces the reactivity. In 

this study, the hippocampus was fixed in 

10% neural formal saline only for 72 hrs 

prior to processing, hence chemical 

unmasking of the antigen, standard and 

specific protocol were used with paraffin 

wax sections. NeuN is also associated with 

the identification of pathological changed 

in existing neuronal population [18].  NeuN 

completely disappearance from damaged or 

dying pyramidal neurons of the 

hippocampus [45,46,51,52]. The loss of 

Neun immunoreactivity in this study was 

also linked to neuronal death and 
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temporarily suspension of synthesis of the 

protein due to neuronal damage by 

doxorubicin and aligns with other reports 

[53,54,55]. Gallic acid co-administered with 

Doxorubicin confers protective effect 

against the doxorubicin effect. The study 

also assessed the potential of gallic acid in 

myelination of neurons of the hippocampal 

CA3 using the Myelin Basic Protein (MBP).  

The MBP is a protein believed to be 

important in the process of myelination of 

nerves in the nervous system. The MBP 

maintains the proper structure of myelin 

interacting with the lipids in the myelin 

membrane [56]. Research has shown that 

MBP binds negatively charged lipids on the 

cytosolic surface of oligodendrocytes 

membranes and it is responsible for 

adhesion of these surfaces in the multi-

layered myelin sheath [57,58,59].We 

observed dose-dependent changes in the 

immunoreactivity and expression levels of 

MBP. There was increased MBP in the 

doxorubicin which can be attributed tothe 

disruption of the Blood brain barrier (BBB) 

permeability and tight junction expression. 

The MBP expression decreased in the low 

dose and high dose gallic acids treatment 

simultaneously, this further confirmed the 

potency of Gallic acid in reversing the effect 

doxorubicin has on the hippocampus. The 

anti-oxidative, anti-inflammatory and 

anticancer activities of gallic acid are 

implicated.  It has been suggested that it 

serves a role as a prognostic indicator of 

disease progression [59]. This current study 

shows that Gallic acid co-administered with 

doxorubicin, in high dosage exhibited 

ameliorative effect on the hippocampal 

CA3. In addition, it exhibited dose-

dependent effect attributed to the 

photochemical load contained in each dose. 

                                                          CONCLUSION 

In the present study treatment with gallic 

acid reversed the effect of oxidative stress 

via antioxidant effect and the higher dose 

was more effective. Gallic acid is a 

promising supplement in chemotherapeutic 

treatment while using doxorubicin in order 

to enhance neuronal preservation and 

treatment outcome. 
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