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Abstract

Keywords: Traumatic Brain Injury; Honey; Chromatolysis; Malondialdehyde; Antioxidant 

Background of the Study: Traumatic Brain Injury (TBI) refers to damage to the brain caused by an external force that leads to 
neurodegeneration and it is implicated as a risk factor for neurodegenerative disorders, such as Alzheimer's disease (AD) and Par-
kinson's disease (PD). In this study, the ameliorative property of honey against neurodegeneration induced by TBI was assessed in 
the frontal cortex to ascertain changes in neuron morphology, the antioxidant activity of Superoxide dismutase (SOD), and Lipid 
peroxidation index using Malondialdehyde (MDA). 

Methods: Twenty (20) adult male Wistar Rats were divided into four groups: Group A; Control, Group B; oral 0.5 ml/kg of honey 
for 14 days, Group C- TBI weight drop model, and Group D- TBI weight drop model + oral 0.5 ml/kg of honey for 14 days. At the end 
of the study, the serum obtained was analyzed for lipid peroxidation enzyme-Malondialdehyde and antioxidant enzyme Superoxide 
dismutase activities while the brain was processed and stained using Haematoxylin & Eosin, and Cresyl Fast Violet stain for Nissl 
bodies required for ribosome/protein synthesis. 

Results: The TBI model presented with significant degeneration of the neurons and loss of Nissl bodies alongside a statistically 
significant reduction in antioxidant enzyme SOD activity with an increase in Malondialdehyde level @P < 0.05. These effects were 
reversed in honey-treated TBI characterized by progress regeneration of neurons and declined chromatolysis associated with an 
increased SOD activity and a decline in lipid peroxidation as compared with the TBI model. 

Conclusion: Honey a potent natural antioxidant product can ameliorate oxidative tissue damage and neurodegeneration induced by 
TBI by an increased production of SOD which attenuates lipid peroxidation thereby protecting/repairing damaged neurons. 

Introduction

Neurodegenerative disorders such as concussion and other 
traumatic brain injuries (TBIs) and Alzheimer’s disease (AD) have 
a similar neuropathological conditions associated with neuro-
nal cell death [1]. Mild traumatic brain injury is a risk factor for 

neurodegenerative disorders, such as Alzheimer’s disease (AD) 
and Parkinson’s disease (PD) [2]. The World Health Organization 
(WHO) estimated that more than 5 million people die globally due 
to TBI [3]. Traumatic brain injury occurs due to the application of 
an external force to the head which causes a wide spectrum of neu-
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rological, cognitive, and emotional dysfunctions associated with a 
pathological mechanism such as alterations in cerebral perfusion, 
activation of inflammatory cytokine (neuroinflammation), exci-
totoxicity, and axonal degeneration [3,4] which leads to neuronal 
damage and neurological dysfunction [5]. Similar to other ischemic 
brain insults, secondary processes also include mitochondrial dys-
function, increased production of reactive oxygen species [ROS], 
and a robust neuroinflammatory response eventually culminating 
in neuronal cell death [6,7]. TBI, cause neuroinflammatory-induced 
apoptosis; TBI-challenged rats exhibited significant neuronal 
apoptosis [8]. Oxidative stress relates to the generation of reactive 
oxygen species (oxygen-free radicals, including superoxide, hydro-
gen peroxide, and nitric oxide) in response to TBI [9]. The exces-
sive production of reactive oxygen species due to excitotoxicity and 
exhaustion of the endogenous antioxidant system (e.g. superoxide 
dismutase, glutathione peroxidase, and catalase) induces peroxi-
dation of cellular and vascular structures, protein oxidation, cleav-
age of DNA, and inhibition of the mitochondrial electron transport 
chain [10] which contribute to immediate cell death, inflammatory 
processes and early or late apoptotic programmes are induced by 
oxidative stress [3]. According to Guo., et al. 2018, oxidative stress 
results in the production of free radicals that results in oxidation 
and nitration of proteins, lipid peroxidation, and DNA damage [11]. 

An increase in the levels of ROS is inhibited by cellular antioxi-
dant systems comprising dismutase, catalases, and enzymes of the 
glutathione redox cycle, which couple the reduction in peroxide to 
the oxidation and regeneration of reduced glutathione GSH [12,13]. 
In TBI, however, a rapidly occurring imbalance between antioxi-
dants and ROS has been shown to aggravate neurovascular inflam-
mation, and neuronal cell death [14-17]. 

Traumatic brain injury [TBI] is the most common cause of dis-
abilities and death, affecting people younger than 45 years of age 
[18] and studied using numerous animal models that have been 
developed to address the diverse nature of human TBI [19]. Hence 
the pathophysiology of TBI has been attributed to neuroinflamma-
tion and oxidative stress [20]. According to Quillinan., et al. 2016 
[21] pathogenesis of TBI also includes loss of ionic homeostasis, 
excitotoxicity, oxidative stress, and altered vascular permeability.

Honey, a natural food product, is a sweet, viscous substance that 
is formed from the nectar of flowers by worker honey bees and it 
has strong antioxidant content [22,23]. The therapeutic properties 
of honey have been increasingly documented in the modern scien-

tific literature [24] such as antimicrobial, antioxidant, anti-inflam-
matory, and cardioprotective properties; and used in the treatment 
of eye disorders, neurological disorders, fertility disorders, and 
wound healing [25]. 

Many studies have reported the antioxidant capacity of honey is 
dependent not only on the presence of total phenolic compounds 
but also on the presence of flavonoids, which play an important 
role in ameliorating oxidative stress reported [24,25].

 Honey has wide therapeutic benefits such as the ability to 
improve cognitive and mood-related behaviors as well as neuro-
protective effects linked with its antioxidant activity [26]. Its phy-
tochemicals include phenols, peptides, enzymes, minerals, and vi-
tamins this makes have large pharmacological properties such as 
antioxidant, and anti-inflammatory [27]. Oral ingestion of honey 
increases vitamin C and antioxidant content in the plasma and 
brain [22]. 

Currently, TBI medical management is primarily supportive be-
cause there are no pharmacological therapies that have well dem-
onstrated an improve neurological outcomes in TBI patients [28]. 
Hence the need to continually studied and develop or discover 
novel targets or drugs for future interventions that can manage 
this disorder [3]. 

The use of natural antioxidants to remove oxidative stress par-
ticularly ROS could be a good way for preventing lipid peroxida-
tion and inflammatory responses caused by ROS production as 
antioxidants help to protect the brain from oxidative damage [9]. 
This study aimed to investigate the antioxidant role of honey in TBI 
induced rat model by assessing changes in antioxidant level, lipid 
peroxidation, chromatolysis, brain weight, and neuron histology.
Materials and Methods
Experimental animals

Twenty (20) adult male Wistar rats with an average weight of 
120 g were used in this study. They were procured from the Nation-
al Veterinary Research Institute (NVRI), Vom-Jos, Plateau state, Ni-
geria. The experimental animals were cared for according to guide-
lines for the care and use of animals in research [29]. The study 
was approved by the Departmental Research, Animal Care and Use 
Ethics Committee in the Anatomy Department, Bingham Univer-
sity Karu, Nasarawa State Nigeria. The rats were in well-ventilated 
metallic cages. They were fed with rat pelleted feed (Vital Feeds 
Limited Nyanya, Nasarawa State) and water available ad libitum. 
They were maintained in standard pathogen-free (SPF) laboratory 
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conditions maintained at 12 hr light/dark cycle, temperature 37 ± 
2°C and 60 ± 5% relative humidity. The rats were allowed to accli-
matize before experimentation.
Study material, procurement, and dose of administration

Natural Honey was purchased from Azez Pharmaceutical Store, 
Nasarawa State, Nigeria. The honey study dose was taken to be 
0.5 ml/kg according to the [30] method.
Experimental duration
Two Weeks (14 days).
Experimental design: The experimental animals were grouped 
into four (4) groups: (n = 5)

•	 Group A- Control group was fed with pelleted rat fed and 
water ad libitium for 14 days.

•	 Group B- Orally received 0.5 ml/kg body weight of honey 
for 14 days. 

•	 Group C- weight drop model of mild TBI
•	 Group D- weight drop model of mild TBI, followed by 14 

days of treatment with oral 0.5ml/kg of honey.

Model of traumatic brain injury and induction procedure
The weight drop model of mild TBI that allows  head movement 

the following impact, according to Becker., et al. (2018) and Xu., 
et al. (2018) method was adopted. Foam about 10 cm thick was 
placed beneath the animals acting as a shock absorber during the 
process. The scalp was sutured and the wound was cleaned using a 
solution of povidone-iodine (10%, w/v, Betadine) [32] to prevent 
the occurrence of infection. The animal was allowed to recover in 
an incubation chamber set to 37°C. Animals were returned to their 
home cage after showing normal walking and grooming behavior. 
Any animal that experienced excessive bleeding due to disruption 
of the dura was removed from the study. The animals were placed 
in a sterilized cage with close monitoring to inspect the wounds 
and the healing process.
Animal sacrifice/euthanasia

The final body weight of each test animal was taken using a 
weighing scale (Model KCA, P.M Hana Ltd, Hong Kong, China) and 
they were sacrificed by cervical dislocation [33], followed by head 
skin reflection, the opening of the skull using a bone forceps to ex-
pose the brain of the rats. The whole brain was rapidly excised and 
wet weight was taken using a weighing balance (OHAUS Pioneer™, 
India).

Frontal cortex tissue preservation and Histological processing

The whole brain was rapidly fixed in a plain bottle containing 
10% formol calcium. The brain was processed for histological tis-
sue processing using an automated tissue processor (LEICA TP 
1050) set to pass through dehydration in graded alcohols; clear 
through xylene, and embedded in paraffin as described by Bancroft 
and Gamble, (2008). The processed section of the frontal cortex 
was excised according to Paxinos and Watson, (2007) guide. The 
sectioned frontal cortex was stained for histological stain using 
Hand E as well as histochemical stain using Cresyl fast violet (CFV) 
stain.

Frontal cortex histological staining using hematoxylin and Eo-

sin (H and E) stain

The processed frontal cortical tissue sections were embedded 
in paraffin wax and sectioned using a LEICA rotary microtome set 
at 5 µm. The paraffin section was cut at 5 µm thickness and stained 
with Hematoxylin and Eosin (H and E) stain [34]. The labeled fron-
tal cortex sections were stained using Haematoxylin and eosin (H 
and E) stain to demonstrate the general histological appearance of 
the pyramidal cells and the neuropils by following this stepwise 
procedure: dewaxing in two changes of xylene for five minutes 
each; hydration in descending grades of alcohol (100%, 90%, and 
70%) for two minutes each; rinsed in running tap water for three 
minutes to wash off the alcohol; stained with Mayer’s hematoxylin 
for five minutes; differentiation in 1% acid alcohol for two-three 
seconds; rinsed in running tap water for three minutes for bluing; 
counterstained in Eosin for three minutes; rinse in water and de-
hydrated through ascending grades of alcohol: 50%, 70%, 90% and 
100% for one minute each; cleared briefly in xylene and set to dry 
in an oven set at 800C for sixty seconds. The slides were mounted 
with cover glass (22 mm X 50 mm) using Distrene Plasticizer Xy-
lene (DPX) mountant [34].
Frontal cortex histological staining using Cresyl Fast Violet 
(CFV) stain

The processed frontal cortical tissue sections were embedded 
in paraffin wax and sectioned using a LEICA rotary microtome set 
at 5 µm. The paraffin section was cut at 5 µm thickness and stained 
with Cresyl violet staining (CFV) stain (34). Cresyl violet staining 
stock solution was prepared by dissolving 0.1 g cresyl violet ac-
etate powder (Merck, Germany) in 75 ml of distilled water. Then, 
6 ml of cresyl violet stock solution was diluted with 50 ml of 0.1 
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M acetate buffer (pH 3.6) to make a cresyl violet working solution. 
The histochemical staining procedure is as follows; sections were 
deparaffinized with xylene and hydrated in descending grade of 
ethanol (100%, 95%, and 80%) and then brought to water, then 
the sections were stained with cresyl violet and then rinsed with 
distilled water; then cleared in xylene and then coverslipped with 
Distrene Plasticizer Xylene (DPX) mountant [34] mounting media 
(Sigma, USA).

Blood collection for serum enzyme assay

Blood samples of all experimental animals were collected using 
ocular puncture with the aid of clean capillary tubes. The collected 
samples were placed in a specimen bottle. The blood sample was 
then centrifuged for 10 mins at 3,000 rps using a bench centrifuge 
[9]. The supernatant (serum) was aliquoted into a plain labeled 
specimen bottles for antioxidant (Superoxide dismutase (SOD), 
[9,36] and Malondialdehyde (MDA) an indicator or biomarker for 
the extent of lipid peroxidation [37].

Serum lipid peroxidation enzyme activities assay

Lipid peroxidation is one of the principal outcomes of oxida-
tive stress-mediated tissue injuries and malondialdehyde (MDA), a 
metabolite of polyunsaturated fatty acids via peroxidation, is often 
used as a biomarker for oxidative stress [37]. The plasma levels of 
MDA were measured using the MDA commercial assay kit and the 
lipid peroxidation was done using a spectrophotometer [9] accord-
ing to the procedure supplied by the manufacturer.

Serum antioxidant enzyme activities assay

Superoxide dismutase (SOD) is the major endogenous antioxi-
dant enzyme that provides first-line protection against oxidative 
stress [38]. The serum activity of the antioxidant (Superoxide dis-
mutase (SOD) enzymes [9,36] was assayed with a spectrophotom-
eter [9,31] according to the procedure supplied by the manufac-
turer of the commercial kit (Northwest Life Sciences Specialties, 
Washington, United States).

Tissue photomicrography

The histological analysis was performed by a histopathologist 
who was blinded to the experimental groups to visualize and cap-
tured the arrangement of pyramidal neurons in the frontal cortex 
using a Leica digital microscope and high-resolution digital images 
were captured with a digital microscopic camera (MV 500 Camero-
scope) [20].

Statistical analysis

Statistical analysis was performed using the software Graphpad 
Prism 8.0 (GraphPad Software Inc., USA). One-way analysis of vari-
ance (ANOVA) and Tukey post-hoc test was used to test the level 
of level of statistical significance (*) set at p < 0.05. All the values 
are expressed as mean ± SD. The results from biochemical studies 
were examined by Tukey post hoc test for multiple comparisons 
(For multiple comparisons, p values (*p < 0.05). 

Results

•	 Physical observation: the animals appeared normal in the 
control group (group A) and showed no physical variation 
their eyes were normal pinkish coloration. They maintained 
their appetite and their hair remained smooth. For group B 
(TBI group), upon TBI assault the animal became lethargic 
with disheveled hair and shallow infrequent breathing. In the 
following days, continuous head-scratching and loss of ap-
petite were observed. Honey + TBI Group showed decreased 
body scratching.

•	 Body weight: The initial weight of the control had a signifi-
cant reduction as compared with the 0.5 ml/kg honey-treated 
group (***p ˂ 0.001). The 0.5 ml/kg honey-treated group had 
a significant increase as compared with the TBI model (***p ˂ 
0.001). The TBI model had a significant increase as compared 
with TBI + 0.5 ml/kg honey treated group (*p ˂ 0.05). In the 
final weights, the control group had a significant increase in 
final body weight as compared with the TBI model at ***p ˂ 
0.001. The 0.5 ml/kg honey-treated group C had a significant 
increase when compared with the honey-treated TBI model 
group (***p ˂ 0.001). When comparing the initial and final 
body weights of honey treated group, there was a reduction 
in the final body weight of the TBI model and honey-treated 
groups when compared with their initial body weights (*p < 
0.05).

•	 Honey ameliorates TBI-induced decline in absolute brain 
weight: The absolute brain weights of the TBI model had a 
significant reduction (***p ˂ 0.001) when compared with the 
control group. Honey treated group had a significant increase 
in absolute brain weight (*p ˂ 0.05) when compared with the 
control group as seen in figure 2. Honey-treated TBI groups 
showed an improvement in absolute brain weight (***p ˂ 
0.001) as compared with the TBI model.

•	 Honey declined TBI-induced lipid peroxidation: The con-
trol, honey, and honey-treated TBI model groups had a signifi-
cant reduction in MDA level as compared with the TBI model 
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Figure 1: Graphical Representation of mean initial (A) and final 
(B) body weights (g) of experimental Wistar rats used in this study. 
Data analysed using One-way ANOVA presented as mean±SD fol-
lowed by Tukey post hoc test for statistical significance. *p ˂ 0.05 
and ***p ˂ 0.001 for n = 5. Legend: A = Control group, B = 0.5 ml/
kg honey, C = TBI model and D = TBI +0.5 ml/kg honey) treatment 

group, TBI: Traumatic brain-injury. (*p < 0.05). 

(***p ˂ 0.001). The honey-treated TBI model had a significant 
decline in MDA activity when compared with the TBI Model 
group (***p ˂ 0.001) as shown in figure 3.

•	 Honey induced an increase in endogenous SOD produc-
tion in TBI: SOD activity increased in the honey-treated group 
as compared with the control (*p ˂ 0.05). SOD levels declined 
in the TBI model group as compared to the honey-treated TBI 
model (*p ˂ 0.05) as seen in figure 4. 

•	 Honey results in a decline in chromatolysis and necrosis 
in the frontal cortex in the TBI model: Normal non-vacuo-
lated and dense neuropil (np), normal pyramidal neurons (N) 
with centrally located nucleus (n), and normal cytoplasm (cp) 
as compared to the presence of vacuolated neuropil (np) and 
degenerated homogenized pyramidal neurons (N) surround-
ed by pericellular spaces(ps) in the TBI group also marked 
with reduction of the number of degenerated pyramidal neu-
rons (N), Vacuolated neuropil (np) alongside the presence 
of normal pyramidal neurons is observed in The TBI+honey 
treatment group as shown in figure. The CFV stain displayed in 
figure shows the Histology of CFV stain of the frontal cortex of 
the Control and Honey groups presents with well dense pyra-
midal neurons (NG) indicating the presence of Nissl granule, in 
contrast to the TBI group which demonstrates the dissolution 
of Nissl granules (chromatolysis), irregular Nissl staining(ng) 
and pyknotic nuclei (pn). TBI+ honey group shows a smaller 
number of pyknotic nuclei (pn), irregular Nissl staining, and 
better dense pyramidal neurons (NG).

Figure 2: Graphical representation of mean absolute brain weight 
of experimental Wistar rats used in this study. Data analyzed using 
One-way ANOVA presented as mean ± SD followed by Tukey post 
hoc test for statistical significance. *p ˂ 0.05 and ***p ˂ 0.001 for n 
= 5. Legend: A = Control group, B = 0.5 ml/kg honey, C = TBI model 
and D = TBI + 0.5 ml/kg honey treatment group, TBI: Traumatic 

brain-injury.

Figure 3: Graphical representation of mean lipid peroxidation as 
indicated by the activity of its biomarker Malondialdehyde (unit/
mg) in experimental Wistar rats used in this study. Data analyzed 
using One-way ANOVA presented as mean ± SD followed by Tukey 
post hoc test for statistical significance. *p ˂ 0.05 and ***p ˂ 0.001 
for n = 5. Legend: A = Control group, B = 0.5 ml/kg honey, C = TBI 
model and D = TBI + 0.5 ml/kg honey treatment group, TBI: Trau-
matic brain-injured animals. The control, honey and honey treated 
TBI model groups had a significance reduction in MDA level as 
compared with the TBI model (***p ˂ 0.001). The honey treated 
TBI model had a significance decline in MDA activity when com-

pared with the TBI Model group (***p ˂ 0.001). 
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Figure 4: Graphical representation of mean activity of antioxidant 
enzyme Superoxide Dismutase in experimental Wistar rats used 
in this study. Data analysed using One-way ANOVA presented as 
mean±SD followed by Tukey post hoc test for statistical signifi-
cance. *p ˂ 0.05 and ***p ˂ 0.001 for n = 5. Legend: A = Control 
group, B = 0.5 ml/kg honey, C = TBI model and D = TBI + 0.5 ml/kg 
honey treatment group, TBI: Traumatic brain-injured animal.SOD 
activity increased in honey treated group as compared with the 
control (*p ˂ 0.05). TBI model group declined as compared honey 

treated TBI model ((*p ˂ 0.05).

Figure 5: Photomicrograph of a section of the formalin paraffin 
embedded frontal cortex (FC) of Adult male Wistar rats stained 
with Haematoxylin and Eosin (H and Eosin) stain captured using 
objective lens of x10. Scale bar = 50 µm. Legend: Legend: Control 
group, Honey (0.5 ml/kg honey), TBI model and TBI + honey (0.5 
ml/kg honey) treatment group, TBI: Traumatic brain-injured ani-
mals. Normal non-vacuolated and dense neuropil (np), normal 
pyramidal neurons (N) with centrally located nucleus (n) and 
normal cytoplasm (cp) as compared to the presence of vacuolated 
neuropil (np) and degenerated homogenized pyramidal neurons 
(N) surrounded by pericellular spaces(ps) in the TBI group also 
marked with reduction of the number of degenerated pyramidal 
neurons (N), Vacuolated neuropil (np) alongside the presence of 
normal pyramidal neurons is observed in The TBI+honey treat-

ment group. 

Figure 6: Photomicrograph of a section of the formalin paraffin 
embedded frontal cortex (FC) of Adult male Wistar rats stained 
with Cresyl Fast Violet (CFV) stain captured using objective lens 
of x10. Scale bar = 50 µm. Legend: Legend: Control group, Honey 
(0.5 ml/kg honey), TBI model and TBI + honey (0.5 ml/kg honey) 
treatment group, TBI: Traumatic brain-injured animals. Histology 
of CFV stain of the frontal cortex of the Control and Honey groups 
presents with well dense pyramidal neurons (NG) iTBI + 0.5 ml/kg 
honey treatment group shows a smaller number of pyknotic nuclei 
(pn), irregular Nissl staining and better dense pyramidal neurons .

Discussion and Conclusion
The effects of honey on TBI were evaluated in this study. The 

body weight was monitored to assess the effects of TBI and honey 
on body weight. The TBI model rats had a decline in body weight 
as compared with the control group. This decline in body weight 
in the TBI model is related to TBI-induced behavioral stress that 
affects oral food intake hence causing a decline in body weight gain 
[39]. 

In this study, the final weight of honey-treated groups declined 
as compared with the initial body weight. But there was no sig-
nificant difference in the final weights of honey treated and control 
rats. 

The body weight decrease in honey  treated group was attrib-
uted to reports on the potential of honey to decline lipid deposition 
in the body [40] which correlates with a report by Yaghoobi., et al. 
(2008) that honey causes a reduction in low-density lipoprotein 
cholesterol, triacylglycerols, high-density lipoprotein cholesterol, 
fasting blood glucose, and total cholesterol leading to a reduction 
in body weights in overweight individuals. 
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The alteration in brain mass is associated with neurodegenera-
tion [42,43]. The synaptic density within the neuropil of the brain 
tissue correlates with brain mass i.e. the strength of synaptogen-
esis contributes to the density of the neuropil which altogether af-
fects brain volume [42]. Neurodegenerative disorders such as TBI, 
ischemic brain injury, etc., affect brain volume, and synaptic den-
sity due to ROS-mediated necrosis resulting in thinning of the axon 
and dendrites, and loss of cortical neurons leading to a decrease 
in synaptic density [44,45]. In this study, TBI caused a decline in 
absolute and relative brain weight as compared with the control 
and honey-treated groups and this supports Kramer., et al. (2017) 
findings. Honey-treated groups had an increase in brain weight 
as compared with the control hence similar effects were seen in 
honey treated TBI model having a mild increase in absolute and 
relative brain weights as compared to the TBI model. This shows 
that honey has antioxidant potential that prevents brain wasting 
due to TBI-induced oxidative stress. 

Lipid peroxidation is a major outcome of oxidative stress-medi-
ated tissue injuries, and tissue. MDA is an indicator of the content 
and extent of lipid peroxidation [37]. An elevation in MDA is one of 
the harmful aftermaths of TBI that rapidly mediates neuronal cell 
injury and death [9]. Oxidative stress is a common manifestation 
of all types of biochemical insults to the structural and functional 
integrity of neural cells, such as neuroinflammation, and neurotox-
ins. The brain is highly susceptible to oxidative damage due to its 
high oxygen demand, high amount of polyunsaturated fatty acids 
(PUFAs) in the neuronal membranes (Rahman., et al. 2014), and 
relative insufficiency in both reactive oxygen species (ROS) scav-
enging enzymes and endogenous antioxidants. TBI causes an im-
balance in oxidative stress lipid peroxidation marker (MDA) and 
antioxidant enzymes [20]. In this study, TBI caused an increase in 
lipid peroxidation indicated by MDA activity, which supports vari-
ous scientific studies [9] including neurological deficits, brain wa-
ter content, and neuronal apoptosis [8]. Honey’s antioxidant po-
tential is linked to its phenolic and flavonoid compounds capable of 
minimizing intracellular oxidative damage associated with cellular 
apoptosis in neurodegenerative diseases [20]. Honey treatment in 
the TBI model ameliorates lipid peroxidation by reversing cascade 
neuroinflammatory reactions associated with neuronal cell deaths 
and behavioral dysfunctions [32,36]. The brain protects itself 
from oxidative damage by producing numerous endogenous anti-
oxidants [9]. The effect of honey on the antioxidant enzyme SOD 
in the serum of TBI rats was evaluated in this present study. TBI 

evoked a sudden depletion in the plasm level of SOD as compared 
to the honey-treated only group. Previous work demonstrated that 
TBI depletes the brain antioxidant system within hours leading 
to ROS-mediated neuronal cell death [31]. Studies demonstrated 
that TBI declines SOD [9,20]. Honey neuroprotection via antioxi-
dant generation was evaluated in the TBI model, this present study 
shows that honey evoked increased production of antioxidant en-
zyme SOD in vivo; thereby protecting cells from oxidative stress 
and neuroinflammation [20] correlates with Erejuwa., et al. (2012) 
and Malkoç., et al. (2020) that honey increased serum antioxidant 
enzyme superoxide dismutase. Oxidative stress and inflammation 
are closely interrelated, and therefore, the antioxidant effect of 
honey may also contribute to its anti-inflammatory activity [24]. 
Honey supplementations in TBI significantly decreased the lipid 
peroxidation in brain tissue with a concomitant augmentation of 
antioxidant and anti-inflammatory activities [25,27]. Honey pos-
sesses antioxidant activity, both in vitro and in vivo  which  inhibits 
lipid per-oxidation [14,24]. This ameliorates the defense mecha-
nism against oxidative stress and attenuates free radical-mediated 
neuronal cell death.

Histopathological examination of the TBI group in this study 
showed that TBI-mediated oxidative stress released ROS that dis-
turbs the pyramidal cell integrity in the frontal cortex and leads 
to Nissl bodies chromatolysis [46], this pathogenesis affects neu-
robehavioral functions. This support scientific studies about TBI’s 
ability to induce cellular excitotoxicity, cytotoxic edema, hypoxic-
cerebral ischemia, oxidative stress, that sparks an inflammatory 
event that promotes neuronal dysfunction, widespread pyrami-
dal neuronal cell death, reduced synaptic density or dendritic 
spines, loss of cortical neurons and chronic tissue degeneration 
[1,2,5,10,18,31]. In this present study, the secondary injury in TBI 
is neuronal cell death by DNA damage induced by oxidative stress 
and inflammatory response [9] marked by an increase in lipid per-
oxidation (MDA activity) and a decline in antioxidant enzymes as 
a result of ROS generation [9]. This contributes to the loss of py-
ramidal neurons and the Nissl substance as reported by Azman., 
et al. (2016). Honey treatment helps to protect neurons and Nissl 
substance in the neuronal cytoplasm as compared with the loss in 
the TBI model [47]. In this study, honey reduces inflammation, and 
protects neurons from TBI-mediated apoptotic cell death, and tis-
sue deformation [48]. Honey had been reported to cause a decline 
in several degenerated neuronal cells while inhibiting neuronal cell 
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death in the hippocampus [49]. Honey’s ability to combat neuron 
damage is linked to its phenol, flavonoids, minerals, and vitamins 
phytochemicals studied in isolations [27] and found to be able to 
neutralize ROS from damaging DNA and neuronal cell membranes 
thus maintaining neuronal cells proliferation in the FC [50]. This is 
done due to its ability to increase endogenous antioxidant produc-
tion in plasma [24]. 

Honey, as a natural antioxidant can protect the neurons in TBI 
by increasing the antioxidative enzyme reserve which removes the 
generation of ROS thereby declining lipid peroxidation and improv-
ing Nissl body, neuron morphology, and function. Hence honey can 
be used as a potential therapeutic to ameliorate the neuropatho-
genesis of TBI. 
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