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Background: Repeated and regimented treatment with reserpine causes depression-like 
condition characterized by persistent mood disorder, feelings of severe despondency and 
dejection, thus altering the hippocampal morphology. Our study compared a well-known 
antidepressant (fluoxetine), with the potential of Zingiber officinale to ameliorate reserpine- 
induced depression and the associated hippocampal cornu ammonis 1 (CA1) neuronal cell 
damage.
Methods: Forty-eight male Wistar rats, weighing 130–160 g, were randomly assigned to 
6 groups (n=8), housed in plastic cages under natural light and dark cycles at room 
temperature with access to feed and water ad libitum. Group-A (control) received 
distilled water. Group-B and Group-C orally received 400 mg/kg of Zingiber officinale 
and 10 mg/kg of fluoxetine, respectively, for 7 days, while Group-D intraperitoneally 
received 0.2 mg/kg of reserpine for 14 days. Group-E and Group-F intraperitoneally 
received 0.2 mg/kg of reserpine for 14 days followed by 400 mg/kg of Zingiber officinale 
and 10 mg/kg of fluoxetine respectively for 7 days. All animals were sacrificed by 
cervical dislocation at the end of experiment, and the brains hippocampi were dissected, 
excised and processed for various analyses including histology [H&E], histochemistry of 
GFAP expression by astrocytes and specific gene expressions including p53 gene, glu-
tathione reductase (GSR), glutathione peroxidase and catalase (CAT).
Results: Reserpine significantly depleted the expression of P53 and glutathione reductase 
(GSR) genes while significantly increasing the expression of glutathione peroxidase 1 (GPx- 
1) gene (P≤0.05). Also, a marked increase in the expression of catalase (CAT) gene was 
observed. Furthermore, histoarchitecture (photomicrographs) of hippocampus CA1 region 
showed disruption in the arrangement of pyramidal neurons and alterations in their morphol-
ogies when animals were treated with reserpine (Group D). There was also accompanying 
increased astrocyte densities within the CA1 region following reserpine treatment. These 
features indicated deleterious effects of reserpine. Both Zingiber officinale and fluoxetine 
treatments ameliorated these effects.
Conclusion: These findings showed structural and molecular alterations associated with 
reserpine-induced depression. Also, Zingiber officinale was effective to provide ameliorative 
and protective effects against the neurotoxic effects of reserpine in the hippocampus, making 
it a potential candidate for treating depression and its associated neurodegenerative diseases.
Keywords: reserpine-induced depression, Zingiber officinale (ginger), neurotoxicity, 
hippocampus
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Introduction
The absence of positive effect and a range of associated 
emotional, physical, cognitive and behavioral symptoms 
characterize depression, which is a mental health 
problem.1 It is a chronic illness and it affects mood, 
thought, physical health and behavior of any individual 
and has been estimated to affect over 21% of the world’s 
population.2 In most cases, it is very problematic trying to 
differentiate mood changes between depression occurring 
normally and what is reported as clinically significant 
degrees of depression, hence it is appropriate to consider 
the symptoms of depression as occurring.3,4

Depression ranges from mild, temporary episodes of 
sadness to severe persistent depression, and clinical 
depression also known as major depression or major 
depressive disorder is the more severe form of 
depression.5 A 2007 World Health Organization (WHO) 
research of over 200,000 adult’s participants across the 
world disclosed that depression produced the greatest 
reduction in the health and wellbeing of affected indivi-
duals when compared with chronic diseases such as arthri-
tis and diabetes.6 Thus, depression globally is a significant 
public health challenge which is often comorbid with other 
chronic health problem and can worsen their outcomes.6

Serotonin (5-HT), dopamine (DA) and noradrenaline 
(NA) which are monoamine neurotransmitters, play criti-
cal roles in brain functions regulation such as motor con-
trol, social behaviour, cognition, sleep, appetite, and 
anxiety both in animals and humans.7–9 Reserpine, also 
known as raudixin, serpalan and serpasil, has been used 
for the control of high blood pressure, likewise the relief 
of psychotic symptoms.10 It is also highly significant in 
promoting the thought of a biogenic amine hypothesis of 
depression.11 Reserpine-propitiate reduction of monoa-
mine (5-HT, DA and NA) neurotransmitters in the 
synapses is evidence that depletion of serotonin, dopamine 
and noradrenaline neurotransmitters causes depression in 
humans.11,12

However, natural medicinal plants could be important 
sources of novel antidepressant drugs and Zingiber offici-
nale (ginger) on the other hand is a medicinal plant in 
a tuber form that is consumed as a delicacy, medicine, or 
herb. It has been suggested by locals in certain places that 
it has antidepressant properties. This is yet to be scientifi-
cally established. It also has several other medical uses. It 
has been reported to increase the motility of the gastro-
intestinal tract experimentally, and have analgesic, 

sedative, antipyretic and antibacterial properties. In this 
study, we studied the potential of the ethanolic extract of 
Zingiber officinale in attenuating reserpine-induced 
depression-like condition and its effects on the hippocam-
pus of adult male Wistar rats.

Materials and Methods
Ethical Statement
All procedures and experiment in this study were done 
according to the National Institutes of Health Guide for the 
Care and Use of Laboratory Animals (NRC, 2010),13 and 
the study protocol was approved by Babcock University 
Health Research Ethics Committee (BUHREC) with 
approval number BUHREC 818/18.

Animals Care and Management
Forty-eight (48) healthy adult male Wistar rats (Rattus 
novegicus) weighing between 130 and 160 g (age 10 
weeks) were procured from the animal house, Babcock 
University, Ilisan-Remo, Ogun State, Nigeria. The rats 
were randomly assigned to six (6) groups of eight rats 
each, housed in plastic cages with net covers for adequate 
ventilation, under natural light and dark cycles at room 
temperature with access to fed and water ad libitum. Also, 
the rats were allowed to acclimatize in the environment for 
seven days before the research commenced.

Reserpine and Fluoxetine Procurement
Reserpine and Fluoxetine used in this research were obtained 
from Sigma Aldrich, USA. Dried grinded Zingiber officinale 
was procured from Agege, Lagos, Nigeria.

Zingiber officinale Extraction
The dried Zingiber officinale was soaked in absolute etha-
nol for twenty-four hours.14 The lumps of the powdered 
Zingiber officinale were then sieved after twenty-four 
hours, using different sizes of strainer in order to discard 
the graded particles and separate the ethanol from the 
Zingiber officinale shaft. The ethanol is then allowed to 
properly settle for a day. Thus, the extract was transferred 
into a beaker and kept in a water bath within the tempera-
ture of about 40°c, allowing the ethanol to evaporate 
leaving the clumps of Zingiber officinale behind. These 
clumps were then removed from the beaker and properly 
dried before use.
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Experimental Design and Drug 
Administration
This study was carried out using Forty-eight (48) rat ran-
domly divided into six groups (n = 8), labeled A, B, C, D, 
E and F. Group-A (control) received distilled water, Group-B 
and Group-C orally received 400 mg/kg of Zingiber officinale 
and 10 mg/kg of fluoxetine, respectively, for 7 days, while 
Group-D intraperitoneally received 0.2 mg/kg of reserpine 
for 14 days. Group-E and Group-F intraperitoneally received 
0.2 mg/kg of reserpine for 14 days followed by 400 mg/kg of 
Zingiber officinale and 10 mg/kg of fluoxetine respectively 
for 7 days. Administration of Zingiber officinale and fluox-
etine was carried out orally using an oral cannula while that of 
reserpine was carried out intraperitoneally using an insulin 
syringe.

Animal Sacrifice and Tissue Processing
Experimental rats were sacrificed by cervical dislocation, 
24 hours after the last administration of reserpine, fluox-
etine and Zingiber officinale. From each group, two rats 
were perfused with 10% formal saline and the brain tissues 
were later fixed in 10% formalin for histological and 
immunohistological investigations while the others were 
not perfused and used for relative gene expression; p53 
gene, glutathione reductase (GSR) gene, glutathione per-
oxidase 1 (GPx-1) gene and catalase (CAT) gene.

Histological and Immunohistochemical 
Examination
Four (4) days after fixation, thin slice coronal section of the 
hippocampus was obtained at the level of the optic chiasma, 
processed for rapid routine tissue processing and were stained 
for Haematoxylin and Eosin (H&E) in order to demonstrate the 
general histological appearance.15 The hippocampus was 
immunohistochemically stained for glia fibrillary acidic pro-
teins (GFAP) for the demonstrations of astrocytic reactions.16 

Histological and immunohistological slides were viewed using 
LEICA DM 750 microscope connected to a digital camera and 
a computer.

P53, GSR, GPx-1 and CAT Gene 
Expression Analysis
Gene expression analysis was done according to Omotuyi, 
et al.17 Thus, RNA was isolated from the thin slice coronal 
section of the hippocampus using TRIzol Reagent 
(ThermoFisher Scientific). DNA contaminant was removed 
following DNAse I treatment (ThermoFisher Scientific) 

following manufacturer’s protocol. Purified DNA-free RNA 
was converted to cDNA immediately using ProtoScript®First 
Strand cDNA Synthesis Kit (NEB). PCR amplification was 
done using OneTaq® 2X Master Mix (NEB).

Statistical Analysis
Study results were presented as Mean±SEM, analyzed 
using One-way ANOVA test for multiple comparison. 
GraphPad Prism® software (Version 5) was the statistical 
tool used in analysing data and the P-values ≤ 0.05 was 
considered statistically significant.

Results
Results for Relative Gene Expression
In Figure 1A, a significant decrease was seen in the relative 
expressions of p53 gene across all treated groups when com-
pared to control (Group A). Also, p53 gene expression in 
Group F was significantly depleted when compared with 
Group B and Group C. The expressions of GSR gene as seen 
in Figure 1B also showed a significant depletion in Group D, 
Group E, and Group F when compared with Group A and 
Group B. Also, a marked reduction was seen in Group C when 
compared with Group A and Group B. The relative expressions 
of GPx-1 gene showed a significant increase in Group B, 
Group C, Group D and Group E as well as a marked increase 
in Group-E when compared with Group A. Group F showed an 
increase and a significant decrease when compared to Group 
A and Group B, respectively (see Figure 1C). Furthermore, 
a marked increase in relative expressions of CAT gene, in 
Group B and Group D when compared with the control 
(Group A). Group F significantly depleted when compared to 
Group B and Group D, as well as Group E and Group 
F obviously depleted when compared to control (see Figure 
1D). The effects of Zingiber officinale on the expressions of the 
selected genes in the hippocampus of experimental animals 
mimicked the effects of the orthodox fluoxetine which is 
indicative of the former’s potential to ameliorate depression- 
related hippocampal changes.

Histological Demonstration and 
Immunohistochemical GFAP Expression 
of Pyramidal Neurons in the Cornu 
Ammonis 1 (CA1) Region of the 
Hippocampus
Histological staining of tissues using Haematoxylin and 
Eosin, helped in studying tissue and cells within the 
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hippocampal CA1 area and changes that are associated 
with potential or established pathological alterations. In 
this study, Figure 2 shows the general histoarchitecture 
of the CA1 region of the hippocampus. The control 
(Group-A) exhibited distinct neuronal cells and well- 
arranged pattern of the pyramidal cell with long axons in 
the CA1 region, similar finding was seen in the Group 
B and Group C. These observations collectively showed 
that the treatments in Group C and D were not deleterious, 
hence safe. Group D showed dispersion in the arrangement 
of pyramidal neurons, and degenerating features in the 
hippocampus CA1 region, suggesting a deleterious effect 
of reserpine. Also, the administration and therapeutic treat-
ments using Zingiber officinale and (Group E) fluoxetine 
(Group F) showed evidence of ameliorative effects 

including well defined and arranged pyramidal cells with 
axons in the CA1 region, very similar to those of control.

Furthermore, the GFAP immunohistochemistry method 
was used in this study to demonstrate astrocyte morphol-
ogy and distribution in the CA1 region of the hippocam-
pus. The GFAP expressing astrocytes within the 
hippocampal CA1 region of the control rats (Group-A) 
and the rats treated with Zingiber officinale (Group B) 
and fluoxetine (Group-C) appeared relatively normal 
(blue arrow). However, slightly enhanced astrocytic 
GFAP expression was observable (red arrow) in the CA1 
region of reserpine (Group D) treated rats. Therapeutic 
treatment using Zingiber officinale and (Group E) fluox-
etine (Group F) showed evidence of amelioration that were 
attributable to the treatments with respect to relatively 

Figure 1 (A) The relative expressions of p53 gene; (B) the relative expressions of glutathione reductase (GSR) gene; (C) the relative expressions of glutathione peroxidase 
1 (GPx-1) gene; (D) the relative expressions of catalase (CAT) gene. 
Notes: CTRL (control); GIN (ginger – Zingiber officinale); FLX (fluoxetine); RSP (reserpine). aSignificantly lower when compared with CTRL. bSignificantly lower when 
compared with GIN. cSignificantly lower when compared with FLX. βSignificantly lower when compared with RSP+FLX (p≤ 0.05).
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normal astrocytic processes and cellular distribution which 
were very similar to Group A.

Discussion
Reduced hippocampal volumes have been reported both in 
animal and human subjects with depression. As a result, 
many researchers have focused on the development of drugs, 
supplements and other substances from medicinal herbs and 
plants that may enhance cognitive activities, especially execu-
tive functions and long-term memory, under diseases or normal 
condition.18–20 Lim et al,21 reported that Zingiber officinale 
could facilitate learning task performances and executive func-
tion in both scopolamine-induced models and normal animal. 
Thus, this current study examined whether Zingiber officinale 
can ameliorate reserpine-induced depression and hippocampal 
damage.

Biomarker P53 (TP53 or tumor protein) initiates DNA 
repair and functions as a tumor suppressor gene that codes 
for a protein that regulates the cell cycle.22,23 Thus, we docu-
mented in this study a significantly depleted expression of the 
P53 gene following reserpine treatment which indicated an 
enhanced tendency of tumorigenesis or cellular trauma. 
Similarly, a significant reduction was observed in GSR 

expression following reserpine treatment. GSR gene encodes 
a member of the class-I pyridine nucleotide-disulfide oxidor-
eductase family,24 which is an essential enzyme of cellular 
antioxidant defense, and it also reduces oxidized glutathione 
disulfide to the sulfhydryl form Glutathione (an important 
cellular antioxidant).25,26 Hence, inhibition of GSR in an 
organism could account for the activation of reactive oxygen 
species. Under normal conditions, Gpx-1 plays a significant 
role in minimizing oxidative damage and its main biological 
role is to protect the organism from oxidative stress damage, 
which makes it a very important antioxidant for a healthy 
wellbeing.27,28

In this study, there was a significant increase in the expres-
sion of GPx-1 following reserpine treatment, like wise in 
Zingiber officinale and fluoxetine treated rat when compared 
to control. Various studies have reported that overexpression of 
Gpx-1 delays cell growth without affecting viability or 
decreasing resistance to hydrogen peroxide-induced oxidative 
stress.29,30 Thus, supplementation with antioxidants which act 
as free radical scavengers seems to be indispensable for sus-
taining oligodendroglial functions. Literature data from var-
ious biological and clinical studies have reported Zingiber 
officinale to have analgesic, anti-inflammatory, anti- 

Figure 2 Representative micrographs of H&E staining demonstrating the general histoarchitecture of the hippocampus in Wistar rats showing general morphology of the 
Cornu Ammonis 1 regions (CA1). Pyramidal cell layer (P), Granule cell layer (G). 
Notes: (A) (Control); (B) (Zingiber officinale); (C) (Fluoxetine): (D) (Reserpine); (E) (Reserpine + Zingiber officinale): (F) (Reserpine + Fluoxetine). [H&E x400]. 
Photomicrograph (A) shows normal histological features of the hippocampus, characterized by large pyramidal cells with long axons. Group D photomicrographs shows 
diffused cellular organisation in the hippocampus CA1 region, suggesting a deleterious effect of treatment.
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hyperglycemic, and neuroprotective action.21,31 The therapeu-
tic treatment with Zingiber officinale (Group E) showed a mark 
reduction in GPx-1 gene expression, which was very similar 
when compared to control.

In furtherance, CAT is an essential antioxidant which to 
a considerable extent, attenuates oxidative stress by destroying 
cellular hydrogen peroxide to produce H2O and O2.32,33 There 
was a slight increase which was not significant in the expres-
sion of CAT in reserpine treated rats’ hippocampi when com-
pared to control group. Hence, it is postulated that CAT 
malfunction correlates with the pathogenesis of numerous age- 
related deteriorating diseases such as Alzheimer’s disease, 
Parkinson’s disease, diabetes mellitus, hypertension, anemia, 
bipolar disorder and cancer.33,34 Therapeutic treatment with 
Zingiber officinale (Group-E) ameliorated this deficit asso-
ciated with reserpine administration (see Figure 1D).

With specific reference to histological features of the 
hippocampus, the characteristic cell of the hippocampal 
Cornu Ammonis (CA) is the pyramidal cell, and the cell of 
the CA1 region in this study exhibited dispersion in arrange-
ment, vacuolation and degenerating features following reser-
pine treatment only. Alterations in cellular morphology of 

this manner may lead to loss of signal processing, neuronal 
timing and synaptic efficacy in the hippocampus, and are 
often associated with long-term memory deteriorative con-
ditions such as depression and Alzheimer’s 
diseases.35 Features that are typical of degeneration and 
inflammation were absent in the control- Group A, Group 
B and Group C. As seen in Figure 2, the control (Group A), 
Group B and Group C showed distinct pyramidal neurons 
and well-arranged pattern of the pyramidal cell with long 
axons which suggest normal synaptic connections, unlike 
Group D which showed signs of morphological alterations 
of certain cells and general disruption of the pattern of 
spatial cellular distribution in the CA1. These signs of 
potential vacuolation and degeneration of pyramidal neurons 
as seen in the Group D were absent in the Group E and the 
Group F that received Zingiber officinale and fluoxetine 
respectively as therapeutic treatments for reserpine-induced 
depression. These observations would, therefore, provide 
evidence in support of the attenuating the potentials of 
Zingiber officinale against neuroinflammation and neuronal 
degeneration caused by reserpine administration which is 
attributable to its antioxidant content.

Figure 3 Photomicrographs of the hippocampus demonstrating the expression of the glial fibrillary acidic protein (GFAB) in astrocytes within the hippocampus CA1 region. 
Astrocyte GFAP expression was relatively mild in the Groups E and F [blue arrows] when compared to the astrocyte GFAP expression in Group D [read arrows]. This 
evidence is suggestive of a beneficial treatment of the regimens in Groups E and F. Altogether, the relatively enhanced astrocyte GFAP expression in Group D was not severe 
enough to suggest serious neuro-inflammation-mediate astrocytic reactions [GFAP, x400]. Red arrows indicate enhanced astrocytes expression of GFAP in the Group 
D hippocampus CA1. Blue arrows indicate relatively normal astrocytes expression of GFAP in Groups A, B, C, E and F. These observations also indicated that reserpine- 
induced depression-like condition caused enhanced astrocyte activities in the CA1 of the affected experimental animals. Note on experimental treatments: (A) (Control); 
(B) (Zingiber officinale); (C) (Fluoxetine); (D) (Reserpine; (E) (Reserpine + Zingiber officinale); (F) (Reserpine + Fluoxetine). [GFAP, x400].
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Astrocytes consist of the largest glial population, occu-
pying the spaces between neurons and playing important 
roles in regulating the extracellular space and restricting 
the spread of released neurotransmitter molecules.36,37 The 
current study showed (Figure 3), normal astrocytes, expres-
sing GFAP in the control (Group A), Group B and Group 
C. These hippocampi were characterized by clearly 
expressed astrocytes, with regular sized and numerous pro-
cesses, which form an array of network within the neurophil. 
This would further show that Zingiber officinale would not 
ordinarily induce neuroinflammation in the hippocampus, 
hence safe for the tissue. To further buttress this point, 
neuronal morphology in these groups appeared normal, 
with several of them observed around the branched astro-
cytic processes. On the contrary, increased expression of 
glial fibrillary acidic protein (GFAP) account for astrogliosis 
or astrocyte reactivity which manifests as cell swelling, 
hypertrophy of cellular process and hyperplasia. 
Interestingly, CA1 morphology of rat treated with reserpine 
(Group-D) showed increased astrocytic densities with reac-
tive astroglia and hypertrophic cells, supposedly as a result 
of neuronal injury which might lead to astrogliosis. 
However, such-enhanced expression of GFAP-in-astrocytes 
were absent in the Group E and Group F that received 
Zingiber officinale and fluoxetine respectively as therapeutic 
treatment against reserpine-induced depression. This indi-
cated the neuroprotective effects of Zingiber officinale 
against reserpine-induced hippocampal neurotoxicity, 
which is attributable to its antioxidant potentials. These 
findings are, therefore, in line with several other studies in 
humans and animals that have shown similar evidences that 
Zingiber officinale could ameliorate numerous deleterious 
effects of certain agents.18–20

Conclusion
The results of this study showed the structural and mole-
cular alterations that are associated with reserpine-induced 
depression. Zingiber officinale was capable of offering 
natural therapeutic remedy to neurotoxic effects of reser-
pine, making its active ingredients potential candidates for 
treating depression and its associated neuroinflammation 
and neurodegenerative effects on the brain and its hippo-
campus with a level of potency that favourably compares 
with the orthodox medicinal uses of fluoxetine.

Disclosure
The authors report no conflicts of interest for this work.
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