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ABSTRACT
Rauwolfia vomitoria Afzel. is an antipsychotic plant used by several African communities in the 
management of  psychiatric conditions with good outcomes. Concerns about its dosages on brain 
activity lead to this investigation of  its action on the hippocampal microstructure.

Twenty-four adult male Wistar rats of  average weight 200 g, were assigned into four groups (n 
= 6): control; 200, 300 and 400 mg/kg body weight of  RV root bark extract, respectively. The 
administration was once daily, and orally for seven days. Daily observation of  the animals was 
done till on day eight when they were sacrificed after deep anaesthesia. Each brain was processed 
for histology and immunohistochemical studies.
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Animals in the 200, 300 and 400 mg/kg RV groups appeared generally dull and drowsy, and 
barely fed. Their hippocampal histology showed neuronal atrophy and karyorrhexis, with no 
difference in cell count, although the pyramidal cell numbers decreased in the 300 and 400 mg/kg 
RV groups. Neuron-specific enolase decreased in the 400 mg/kg RV group, while neurofilament 
decreased in all test groups. Glial fibrillary acidic protein expression and density increased in the 
200 and 300 mg/kg RV groups, but not the 400 mg/kg RV group, all compared with the control 
group.

The given doses of  RV root bark extract in adult Wistar rats showed sedative activities with 
hippocampal histopathological changes, which may not be reversible, thereby leading to the 
hippocampal functional deficit.
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1.	Introduction
The application of  herbal medications has expanded beyond local practice (Ekor, 2013; Welz et al., 

2018). Adverts of  different brands of  herbal products stating their efficacies now floods most streets and 
the mass media of  developing countries (Ayimey et al., 2013; Chattaraj et al., 2018). These products are 
promoted for dieting and treatments of  numerous ailments, thus, exposing the unsuspecting populace 
to unwanted and adverse outcomes.

Researches on herbs and herbal products have also increased with reports showing their beneficial 
potentials. Herbs such as Gongronema latifolium, Moringa oleifera and Rauwolfia vomitoria among others, 
have been reported to be of  immense benefit to the human race (Akpanabiatu et al., 2009; Ekong et al., 
2015a; Ekong et al., 2017a; Ekong et al., 2017b). In the treatment of  psychiatry conditions, R. vomitoria 
(RV) feature prominently (Obembe, 2001; Amoateng et al., 2018).

This antipsychotic plant belongs to the Apocynaceae family, and is made up of  several bioactive 
carboline and indole alkaloids (Burkill, 2002; Okereke et al., 2017), which give the pharmacological 
activities associated with the herb. Two of  the alkaloids whose properties are well characterized are 
reserpine and yohimbine. Others include; rauwolfine, rescinnamine, serpentine, ajmaline, serpentinine, 
alstonine and saponin among others (Iwu and Court, 1977).

R. vomitoria is commonly used locally in the treatment of  snake and insect bites, and is reported 
to protect the body generally (Obembe, 2001; Amoateng et al., 2018). Reported researches on RV 
shows that it promotes body weight loss, lowers blood pressure, sedates and detoxifies, as well as 
being antipyrexic among others (Amole and Onabanjo, 1999; Eluwa et al., 2008; Ekong et al., 2015a). 
Previous studies have also showed that RV ameliorated neurotoxicity caused by chlorpromazine 
and Sida acuta leaf  extract (Ajao et al., 2015; Okon et al., 2020). However, adverse reports such as; 
hepatotoxicity and cardiotoxicity have also been reported (Eluwa et al., 2013a; 2013b).

RV effect on the central nervous system may be detrimental, especially with its constituent, 
reserpine, inhibiting monoamine oxidase, vital for the normal synaptic neurotransmission necessary 
for the control of  motor and cognitive functions (Yu et al., 2011; Mirowska-Guzel, and Balkowiec-
Iskra, 2014). Behaviourally, RV administration results in decreased locomotor activities and loss 
of  olfaction among others (Eluwa et al., 2008; Ekong et al., 2014, 2016a; Bisong et al., 2019). 
Microstructural reports include alterations in the cerebellum, cerebral cortex and the olfactory 
bulb (Ekong et al., 2015a, 2015b, 2016a; Ekong and Nwakanma, 2017). Dopaminergic neurons, 
numerous in the hippocampus are either inhibited or depleted by the RV constituent, reserpine 
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(Metzger et al., 2002), coupled with highly limited data on RV effect on hippocampal structure, which 
warrants further investigation on this brain area. Thus, this study investigated the hippocampal 
histomorphology following treatment with RV.

2.	Materials and methods
Twenty-four adult male Wistar rats of  average weight 200 g were divided into four groups (n = 

6) of  control, 200, 300 and 400 mg of  RV per kilogram body weight (kg bw). Dosages were arrived 
at following a previous study (Ekong et al., 2016b). The animals were kept at the animal house of  the 
Faculty of  Basic Medical Sciences of  the University at room temperature of  27 - 30 oC and 12 hours 
light and dark cycle, and were allowed access to standard rat chow (Vital Feed Company Limited, 
Nigeria) and clean water ad libitum. The animals were maintained and cared for strictly following 
the guidelines for the care and use of  experimental animals, while the experimental protocol was 
approved by the Faculty of  Basic Medical Sciences Ethical Committee, University of  Uyo, Nigeria.

3.	Preparation of  Rauwolfia vomitoria Roots
Roots of  RV were harvested in a local farm at Ekpene Obo in Esit Eket Local Government 

Area of  Akwa Ibom State, Nigeria. The RV plant was authenticated by the botanist of  the Plant 
Herbarium unit of  the Department of  Botany and Ecological Studies of  the University, and 
specimen voucher number UUPH 6(c) assigned. The roots were washed and the bark was separated 
from the cambium, air-dried for one week and then pulverized into powder using a kitchen blender. 
The RV root bark powder was extracted using 80% ethanol and processed as previously described 
(Ekong et al., 2014, 2016a).

Briefly, 200 g of  the composite sample was soaked in 80% ethanol for 24 h, and the extract was 
filtered and concentrated using a rotary evaporator and then dried in a Plus 11 Gallenkamp oven at 
45-50 ºC. The dry extracts obtained were stored in a refrigerator at 4 ℃ until used. Distilled water 
was used as the vehicle to dissolve the extract. Two grams of  the RV extract was dissolved in 30 mL of  
distilled water, and the actual dosages were calculated based on the body weights of  each rat.

The control group was administered 5.0 mL/kg of  distilled water orally (p.o), while groups 2, 3 
and 4 were administered oral doses of  200 mg/kg, 300 mg/kg and 400 mg/kg body weights of  the 
extract of  RV (p.o) respectively, for seven days as previously reported (Ekong et al., 2016a). On day 
8, the animals were sacrificed after deep anaesthesia with ketamine hydrochloride (Rotex Medical, 
Germany; 50 mg/kg, i.p). Each animal was initially perfused with 1M phosphate-buffered saline, and 
subsequently by 10 % buffered formalin through cardiac puncture. The brains were removed, post-
fixed in 10 % buffered formalin for 48 h, and routinely processed for paraffin wax embedding. Paraffin 
sections of  10 µm thickness were then processed for histology with haematoxylin and eosin stains 
(H&E) and immunolabelled for neuron-specific enolase (NSE), neurofilament (NF) and glial fibrillary 
acidic protein (GFAP).

Immunolabelling was done as previously described (Ekong et al., 2016a). Briefly, serial paraffin 
sections on slides were brought to water, and antigen retrieval was performed using citrate buffer 
(pH 6.0) in a microwave oven for 5 min, followed by protein block using 3% hydrogen peroxide 
for 10 min. Sections were thereafter pre-incubated in 2% normal goat serum for 30 min and 
incubated in monoclonal mouse anti-enolase-2 for NSE (Novocastra, Leica Biosystems, 22C9, 1:100), 
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mouse monoclonal anti neurofilament (NCL-NF 68-DA2, Novocastra, Leica, 1:100) for NF, and 
mouse monoclonal anti-GFAP (1:100) for GFAP (NCL-L-GFAP-GA5). These were followed by 1 h 
incubation in goat anti-mouse secondary antibodies (1:100), for all of  them. Detection of  the reaction 
was by means of  the avidin-biotin complex with diaminobenzidine as the chromagen. Sections were 
then counterstained with haematoxylin, washed, dehydrated, cleared, and coverslipped with DPX. 
Processed slides were viewed under the light microscope, and photomicrographs obtained using a 
computer-assisted digital microscope camera.

Cellular density was determined manually using ImageJ® software (Ekong and Nwakanma 2017). 
Briefly, images of  a two hundred and forty square millimetre (240 mm2) area of  the dorsal hippocampal 
CA1 region (three slices at 10 µm each) per animal were quantified, making a total of  18 slices per 
group (n = 6 × brain slices = 3). Each section was randomly mapped with the ImageJ® gridlines. 
Counting of  cell nuclei was done manually, taking into consideration the nuclei on the upper and 
right borders of  the mapped areas. One way analysis of  variance was used to analyze obtained data, 
followed with posthoc Tukey’s test. Data are presented as Mean ± Standard Error of  Mean, and data 
with probability level p ≤ 0.05 is regarded as significant.

4.	Results

General observations
Before the experiments, each group of  animals appeared healthy and agile, with normal solid 

dark faecal boli. During the course and termination of  the experiment, the animals in the groups 
administered the different doses of  RV appeared generally dull and drowsy, and barely fed compared 
with the control.

Histomorphology
The section of  the dorsal hippocampal CA1 region of  the control group showed normal histological 

features: outer molecular, pyramidal and polymorphic layers. The molecular layer contained mostly 
nerve processes with scanty cells. The pyramidal layer contained a dense population of  large pyramidal 
shaped neurons with other cell types within, while the polymorphic layer contained mostly neuronal 
fibres with sparse cells (Figure 1a).

The dorsal hippocampal CA1 histology of  the RV groups showed the same tripartite layers. 
However the 200 mg/kg RV group showed few pyramidal cells with atrophic appearances (Figure 1b). 
The 300 mg/kg RV group showed some of  the pyramidal cells being karyorrhectic (Figure 1c), while 
the 400 mg/kg RV group showed some of  the pyramidal cells also being karyorrhectic (Figure 1d).

The cellular density of  the dorsal hippocampal CA1 region (240 mm2 area) showed no significant 
(p > 0.05) difference between the RV groups and the control, and among the RV groups. Nevertheless, 
there were significantly (p < 0.05) less pyramidal cell density in the 300 and 400 mg/kg RV groups 
compared with the control and the 200 mg/kg RV groups., while there was no significant (p > 0.05) 
difference between the 200 mg/kg RV and control groups (Figure 2).
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The density of  the other cell types showed no significant (p > 0.05) difference between the 200 and 
300 mg/kg RV groups, but a significantly (p < 0.05) higher density of  the 400 mg/kg group compared 
with the control group. There was also significantly (p < 0.05) higher density of  the 300 and 400 mg/
kg RV groups compared with the 200 mg/kg RV group, but not among the 300 and 400 mg/kg RV 
groups (Figure 2).

Immunohistochemistry
In neuron-specific enolase (NSE) immunolabelling, the dorsal hippocampal CA1 of  the control 

group showed NSE positive cells expressed in the neuronal cytoplasm, and especially in the pyramidal 
layer (Figure 3a). The 200 mg/kg RV group showed slightly increased expression of  NSE compared 
with the control group (Figure 3b). The 300 mg/kg and 400 mg/kg RV groups showed increased 
expression of  NSE compared with the control group (Figure 3c and d).

The CA1 NSE labelled cells were significantly (p < 0.05) less in the 400 mg/kg RV group, but not 
significantly (p > 0.05) different in the 200 and 300 mg/kg RV groups compared with the control 
group, and among the RV groups (Figure 4).

In neurofilament (NF) immunolabelling, the dorsal hippocampal CA1 of  the control group showed 
NF positive cells throughout the cortical layers, especially in the neuronal processes (Figure 5a). The 
200 mg/kg RV group showed decreased expression of  NF compared with the control group (Figure 
5b). The 300 mg/kg and 400 mg/kg RV groups also showed decreased expression of  NF compared 
with the control group (Figure 5c and d).

The dorsal hippocampal CA1 NF labelled cells in the (240 mm2 area) was significantly (p < 0.05) 
less in the 200, 300 and 400 mg/kg RV groups compared with the control. However, there was no 
significant (p > 0.05) difference among these RV groups (Figure 6).

In glial fibrillary acidic protein (GFAP) immunolabelling, the dorsal hippocampal CA1 of  the 
control group showed GFAP positive cells throughout the cortical layers. The GFAP expression was 
mostly in the astrocytic processes, although some of  their soma also showed expressions (Figure 7a). 
The 200 mg/kg RV group showed increased expression of  GFAP throughout the cortical layers, in 
the astrocytic processes and soma compared with the control group (Figure 7b). The 300 mg/kg 
RV group showed increased expression of  GFAP mostly in the astrocytic processes, throughout the 
cortical layers, while the 400 mg/kg RV group showed decreased expression of  GFAP in the astrocytic 
processes and soma throughout the cortical layers compared with the control group (Figure 7c and d).

The dorsal hippocampal CA1 GFAP labelled cells were significantly (p < 0.05) high in the 200 and 
300 mg/kg RV groups, with no significant (p > 0.05) difference in the 400 mg/kg RV group compared 
with the control. There was significantly (p < 0.05) high GFAP labelled cell density in the 200 and 300 
mg/kg RV groups compared with the 400 mg/kg RV group, but not among the 200 and 300 mg/kg 
RV groups (Figure 8).
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Figure 1:
Sections of  the dorsal hippocampal CA1 region of  the test and control groups: outer molecular (M), 

pyramidal (Py) and polymorphic (Pm) layers. H&E, ×200

a.	 The control group shows normal histological features. The molecular layer is mostly nerve processes 
and contained scanty cells. The pyramidal layer contained a dense population of  large pyramidal 
shaped neurons (arrow head) with other cell types (arrow) within. The polymorphic layer has 
mostly neuronal fibres with sparse cell as well.

b.	 The 200 mg/kg RV group shows few of  the pyramidal cells having atrophic appearances (arrow 
head).

c.	 The 300 mg/kg RV group shows some of  the pyramidal cells being karyorrhectic (arrow).

d.	 The 400 mg/kg RV group shows some of  the pyramidal cells being karyorrhectic (arrow).

RV – Rauwolfia vomitoria
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Figure 2:
Dorsal hippocampal CA1 region cellular population estimate

Data are presented as mean ± standard error of  mean

***	Significantly different from the control group at p < 0.001

c	 Significantly different from the RV: 300 mg/kg group at p < 0.05

d	 Significantly different from the RV: 400 mg/kg group at p < 0.05

RV – Rauwolfia vomitoria

(n = 6, brain slices = 3)
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Figure 3:
Sections of  neuron specific enolase (NSE) immunolabelled dorsal hippocampal CA1 region of  the 

test and control groups: outer molecular (M), pyramidal (Py)  
and polymorphic (Pm) layers. NSE, ×200

a.	 The control group shows NSE (arrow head) positive cells in the neuronal cytoplasmic surfaces 
especially in the pyramidal layer.

b.	 The 200 mg/kg RV group shows slight increased expression of  NSE (arrow head) in the neuronal 
cytoplasm in the pyramidal layer.

c.	 The 300 mg/kg RV group shows increased expression of  NSE (arrow head) in the neuronal 
cytoplasm in the pyramidal layer.

d.	 The 400 mg/kg RV group shows increased expression of  NSE (arrow head) in the neuronal 
cytoplasm in the pyramidal layer.

RV – Rauwolfia vomitoria
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Figure 4:
Dorsal hippocampal CA1 region NSE labelled cells estimate

Data are presented as mean ± standard error of  mean

*	 Significantly different from the control group at p < 0.001

NSE = neuron specific enolase; RV – Rauwolfia vomitoria

(n = 6, brain slices = 3)
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Figure 5: 
Sections of  neurofilament (NF) immunolabelled dorsal hippocampal CA1 region of  the test and 

control groups: outer molecular (M), pyramidal (Py) and polymorphic (Pm) layers. NF, ×200

a.	 The control group shows NF (arrow head) positive cells throughout the cortical layers, especially in 
the neuronal processes and neurolemma.

b.	 The 200 mg/kg RV group shows decreased expression of  NF (arrow head) in the neuronal 
processes, although NF expression in the neurolemma was not affected.

c.	 The 300 mg/kg RV group shows decreased expression of  NF (arrow head) in the neuronal 
processes, with slight decreased neurolemmal NF expression.

d.	 The 400 mg/kg RV group shows decreased expression of  NF (arrow head) in the neuronal 
processes, with slight decreased NF neurolemmal expression.

RV – Rauwolfia vomitoria
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Figure 6:
Dorsal hippocampal CA1 region NF labelled cells estimate

Data are presented as mean ± standard error of  mean

***	Significantly different from the control group at p < 0.001

NF = neurofilament protein; RV – Rauwolfia vomitoria

(n = 6, brain slices = 3)
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Figure 7:
Sections of  glial fibrillary acidic protein (GFAP) immunolabelled dorsal hippocampal CA1 region 
of  the test and control groups: outer molecular (M), pyramidal (Py) and polymorphic (Pm) layers. 

GFAP, ×200

a.	 The control group shows GFAP positive cells throughout the cortical layers, and within the 
astrocytic processes (arrow head), although some of  their soma (arrow) also expressed the protein.

b.	 The 200 mg/kg RV group shows increased expression of  GFAP throughout the cortical layers, in 
the astrocytic processes (arrow head) and soma (arrow).

c.	 The 300 mg/kg RV group shows increased expression of  GFAP, mostly in the astrocytic processes 
(arrow head), throughout the cortical layers.

d.	 The 400 mg/kg RV group shows decreased expression of  GFAP in the astrocytic processes (arrow 
head) and soma (arrow) throughout the cortical layers.

RV – Rauwolfia vomitoria
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Figure 8:
Dorsal hippocampal CA1 region GFAP labelled cells estimate

Data are presented as mean ± standard error of  mean

***	Significantly different from the control group at p < 0.001

b	 Significantly different from the RV: 200 mg/kg group at p < 0.05

c	 Significantly different from the RV: 300 mg/kg group at p < 0.05

GFAP = glial fibrillary acidic protein; RV – Rauwolfia vomitoria

(n = 6, brain slices = 3)

5.	Discussion
This study investigated the effect of  R. vomitoria (RV) root bark extract on the microstructure and 

some immunohistochemical protein expression in the hippocampus of  adult rats. Physically and 
behaviourally, the animals in the 200 mg/kg, 300 mg/kg and 400 mg/kg RV groups barely fed and 
appeared generally dull and drowsy compared with the control group. These observations indicate 
that RV may affect the satiety centre that controls feeding leading to general body weakness and 
behaviour. It is reported that reserpine, an active alkaloid of  RV affects olfaction as well as causing 
sedation (Bisong et al., 2010; Ekong et al., 2016a), which may also be a reason for reduced feeding 
ability of  the animals administered RV. The present result corroborates the reports of  Eluwa et al. 
(2008), and Ekong et al. (2014, 2015a, 2016a, 2018) who reported similar observations.

Histologically, the dorsal hippocampal CA1 of  the 200, 300 and 400 mg/kg RV groups showed 
either atrophic or karyorrhectic cells, which are at variance with Ajao et al. (2015) and Okon et al. 
(2020) who reported normal histology of  the hippocampus at 150-300 mg/kg RV probably due to 
treatment duration. The population of  these pyramidal cells were significantly less in the 300 and 400 
mg/kg RV groups compared with the 200 mg/kg RV and control groups. However, other population 
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of  cells were significantly (p < 0.05) higher in the 400 mg/kg group compared with the 200 mg/kg RV 
and control groups. Cellular atrophy and karyorrhexis are usually signs of  trauma and degeneration 
respectively, to tissues (Strayer and Rubin, 2009; Garman, 2011), and these have been reported as 
some consequences of  oral administration of  RV (Ekong et al., 2015a, 2016a, 2020). Atrophy of  cells 
may be reversible if  physiological but may be irreversible if  pathological, and this may have been 
the case leading to karyorrhexis in the higher dosages of  RV. Karyorrhexis, on the other hand, is an 
irreversible alteration of  nuclei that may eventually lead to cell death, occurring when the cells cannot 
cope with insults. The neurons of  the hippocampus are not known to regenerate in vivo (Ihunwo et 
al., 2016), which may have also resulted in decreased cellular population, especially in the 300 and 
400 mg/kg RV groups of  the present study. These actions may cause general atrophy/shrinkage and 
functional disruption of  this brain region. RV and its constituents have been indicted in neuronal 
damage (Ekong et al., 2014, 2016b, 2017a, 2000), which the present study also shows.

Nevertheless, there was an increased population of  other cell types, especially in the 400 mg/kg 
RV group, a possibility that these were small size neurons and glial cells. Neurons of  the hipoocampus 
may not proliferate, but astrocytes and microglia are known to increase during insults (Afridi et al., 
2020). Thus, this population of  cells may have been more of  astrocytes and/or microglia.

Immunohistochemically, the dorsal hippocampal CA1 of  the 200, 300 and 400 mg/kg RV 
groups showed increased neuronal cytoplasmic expression of  NSE in the pyramidal layer, whose 
population was significantly (p < 0.05) less in the 400 mg/kg RV, but not the 200 and 300 mg/
kg groups compared with the control. NSE is a cytosolic structural protein necessary for neuronal 
metabolic activity, and thus, serves as a marker for neuronal activities. Increased NSE expression is 
an indication of  either increased metabolic activity or neuronal damage (Yardimoğlu et al., 2008; 
Haque et al., 2018). The present result is in line with Ekong et al. (2016b, 2020) who reported that 
RV stimulates brain expression of  NSE.

The 400 mg/kg RV group showed significantly (p < 0.05) higher NSE-labelled cell population, and 
this is consistent with the highest RV dose already reported to be more deleterious in the histology 
results. Thus, suggesting that higher RV dose may cause more intoxication of  this brain area.

The dorsal hippocampal CA1 of  the 200, 300 and 400 mg/kg RV groups showed decreased 
expression of  neuronal filament (NF), and significantly (p < 0.05) less NF-labelled population in these 
RV groups compared with the control group. NF is a neuronal cytoskeletal protein, an intermediate 
filament that provides structural support for axons, as well as regulating their diameter (Iwanaga et al., 
1989). Decreased NF expression indicates adverse protein rearrangement arising prior to alterations 
in axonal cytoskeleton (Mages et al., 2018), and RV is reported with adverse neuronal activities (Ekong 
et al., 2020; Nduohosewo and Ekong, 2020), which may have resulted in decreased expression and 
population in the present study. The present result is in line with Ekong et al. (2016b), who reported 
that RV cause decreased NF expression in the olfactory bulb.

The dorsal hippocampal CA1 of  the 200 and 300 mg/kg RV groups showed increased expression 
of  GFAP, with significantly (p < 0.05) more GFAP-labelled cell population compared with the control 
and the 400 mg/kg RV groups. The 400 mg/kg RV group showed decreased expression of  GFAP-
labelled cell population that was not significantly (p > 0.05) different from the control group. GFAP is 
an intermediate filament-III protein present in astrocytes and therefore serves as its marker (Yang and 
Wang, 2015). Increased GFAP expression indicates astrogliosis (Bondan et al., 2019; Trautz et al., 2019) 
and RV has been reported with such action on astrocytes (Ekong et al., 2016b, 2020; Nduohosewo and 
Ekong, 2020). Decreased GFAP is indicative of  detrimental and/or diseased conditions in nervous 
tissues (Bondan et al., 2013; Molina et al., 2018), which may be associated with astrocytes remodelling 
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after injury (Bondan et al., 2013). RV has been reported with such action on astrocytes as well (Ekong 
et al., 2016b, 2020). Thus, lower doses of  RV tend to stimulate astrogliosis, while a higher dose does 
the opposite.

The hippocampus is vital for memory consolidation, and is easily affected by extraneous agents 
(Kiernan, 2009), which RV is. This brain region is reported to contain large population of  dopaminergic 
cells (Perez and Lodge, 2017; Puighermanal et al., 2017), whose stores of  dopamine can easily be 
depleted by reserpine and yohimbine, two active constituents of  RV. Reserpine irreversibly binds to 
the storage vesicles of  dopamine, consequently depleting dopamine, while yohimbine interacts with 
serotonin and dopamine receptors blocking them (Millan et al., 2000; Metzger et al, 2002). Eventually, 
catecholamine depletion occurs because of  the body’s inability to store these neurotransmitters, which 
may be responsible for some of  the adverse structural effect on the hippocampus observed with RV.

It can be postulated from the present study that RV acted by usurping large stores of  ATP leading 
to their depeletion and reduction of  neuronal energy stores (increased neuron-specific enolase 
expression). This was further compounded by astrocytes gliosis (increased GFAP expression) that 
utilized the reduced energy stores resulting to degenerative processes setting in (decreased neurofilament 
expression, atrophic and karyorrhectic features and reduced cellular population). These structural 
abnormalities may lead to functional alterations, and eventually memory loss.

6.	Conclusion
In conclusion, oral administration of  the given doses of  RV root bark extract in adult male Wistar 

rats showed sedative activities with hippocampal histopathological changes including neuron-specific 
enolase, neurofilament and glial fibrillary acidc protein, which may not be reversible, and thereby 
leading to hippocampal functional deficit.

7.	Acknowledgements:
We acknowledge Mr Daniel Friday and Mr Utibe Akpan for taking care of  the animals and Dr 

Jonathan Madukwe for running the immunohistochemistry.

8.	Competing interests:
The authors declare that they have no competing interests.

References
Afridi, R., Kin, J.-H., Rahman, H.M. & Suk, K.. Metabolic regulation of  glial phenotypes; implications 

in neuron-glia interactions and neurological disorders Front. Cell. Neurosci. 14:20, 2020.  https://
doi.org/10.3389/fncel.2020.00020

Ajao, M.S., Imam, A., Ajibola, M.I., Abdulmumin, I., Amin, A., Adana, M.Y., Ayokunle, O. & 
Imam, W.A. Hippocampal-dependent spatial memory and histoarchitectural integrities of  the CA 
regions of  Wistar rats following administration of  Rauwolfia vomitoria and chlorpromazine. Nig. 
J. Neurosci. 7(1):8-15, 2015. https://doi.org/Nig. J. Neurosci. 7(1), 2015. 8-15

https://doi.org/10.3389/fncel.2020.00020
https://doi.org/10.3389/fncel.2020.00020
http://www.neurosciencenigeria.org/journal-articles/


16Moses B. Ekong, Ubong U. Ekpene, Agnes A. Nwakanma & Christopher C. Mbadugha

Akpanabiatu, M.I., Uboh, F.E., Ekanem, T.B., Umoh, I.B., Eyong, E.U. & Ukafia, S.O. The effect of  
the interaction of  Rauwolfa vomitoria root bark extract with vitamin E on rats’ liver enzymes. Turk. 
J. Biol. 33:1890194, 2009. https://doi.org/10.4103/1947-2714.93383

Amoateng, P., Quansah, E., Karikari, T.K., Asase, A., Osei-Safo, D., Kwami, K., Kukuia, E., 
Amponsah, I.K. & Nyarko, A.K. Medicinal plants used in the treatment of  mental and neurological 
disorders in Ghana. Evidence-Based Complementary and Alternative Medicine. 2018.:8590381, 
2018. https://doi.org/ 10.1155/2018/8590381

Amole, O.O. & Onabanjo, A.O. Antipyretic effects of  the extract of  Rauwolfia vomitoria in rabbits. Nig 
J Natl Products Med. 3:77-78, 1999. https://doi.org/  10.4314/njnpm.v3i1.11768

Ayimey, E.K., Awunyo-Vitor, D. & Gadawusu, J.K. Does radio advertisement influence sale of  herbal 
products in Ghana? Evidence from Ho Municipality. Modern Economy. 4: 652-658, 2013. https://
doi.org/10.4236/me.2013.410070

Bisong, S.A., Abuo, F.E., Udefa, A.L., Ironbar, V.E. & Bassey, G.B. Comparative effects of  alkaloid 
and saponin fractions of  rauwolfia vomitoria on social behaviour and depression in a CD1 mouse 
model of  memory impairment. Arch Curr Res Int. 16(10):1-11, 2019. https://doi.org/10.9734/
acri/2019/v16i130083

Bisong, S.A., Brown, R.E. & Osim, E.E. Comparative effects of  Rauwolfia vomitoria and 
chlorpromazine on locomotor behaviour and anxiety in mice. J Ethnopharmacol. 132 (1):334–
339, 2010.https://doi.org/10.1016/j.jep.2010.08.045

Bondan, E.F., Cardoso, C.V., Martins, M.M. & Otton, R. Memory impairments and increased GFAP 
expression in hippocampal astrocytes following hypercaloric diet in rats. Arquivos de Neuro-
Psiquiatria. 77(9): 601-608, 2019. https://doi.org/10.1590/0004-282x20190091

Bondan, E.F., Martins, M.M. & Viani, F.C. Decreased astrocytic GFAP expression in streptozotocin-
induced diabetes after gliotoxic lesion in the rat brainstem. Arquivos Brasileiros de Endocrinologia 
& Metabologia. 57(6): 431-436, 2013. https://doi.org/10.1590/s0004-27302013000600004 

Burkill, H.M.. Useful plants of  West Tropical Africa. 2, Families E-I. Royal Botanical Gardens Kew, pp. 
636, 2002.

Chattaraj, D., Mazumder, R. & Lahiri, S. Buying behaviour of  herbal cosmetics by women consumers: 
an exploratory study in Kolkata. Indian Journal of  Marketing. 48(5), 2018. https://doi.org/ 
10.17010/ijom/2018/v48/i5/123445

Ekong, M.B., Ekpene, U.U., Nwakanma, A.A. & Bello, E.F. The combination of  the extracts of  
Rauwolfia vomitoria and Gongronema latifolium show protective effects on the cerebellum. Synergy. 
5:29-34, 2017a. https://doi.org/10.1016/j.synres.2017.10.001

Ekong, M.B., Ekpene, U.U., Nwakanma, A.A., Eluwa, M.A. & Akpantah, A.O. Rauvolfia vomitoria 
Afzel. disrupts dentate gyrus cells. Indian J Exp Biol, 58:88-94, 2020.

Ekong, M.B., Ekpene, U.U., Nwakanma, A.A., Peter, A.I. & Etuknwa, B.T. Rauwolfia vomitoria and 
Gongronema latifolium stimulate cortical cell proliferations. Annals Bioanthropol. 4(1): 41-46, 2016c. 
http://dx.doi.org/10.4067/S0717-95022015000100013.

Ekong, M.B., Ekpene, U.U., Thompson, F.E., Peter, A.I., Udoh, N.B. & Ekandem, G.J. Effects of  co-
treatment of  Rauwolfia vomitoria and Gongronema latifolium on neurobehaviour and the neurohistology 

https://dx.doi.org/10.4103%2F1947-2714.93383
https://doi.org/10.1155/2018/8590381
https://doi.org/10.4314/njnpm.v3i1.11768
https://doi.org/10.9734/acri/2019/v16i130083
https://doi.org/10.9734/acri/2019/v16i130083
https://doi.org/10.1590/0004-282x20190091
https://doi.org/10.1590/s0004-27302013000600004
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.17010%2Fijom%2F2018%2Fv48%2Fi5%2F123445
https://doi.org/10.1016/j.synres.2017.10.001


17Characterization of  Hippocampal Histomorphology Following R. vomitoria Root Extract Treatment

of  the cerebral cortex in mice. Internet J Med Update. 10(1): 3-10, 2015b. https://doi.org/ 
10.4314/ijmu.v10i1.2

Ekong, M.B., Ekpo, M.M., Akpanyung, E.O. & Nwaokonko, D.U. Neuroprotective effect of  Moringa 
oleifera leaf  extract on aluminium-induced temporal cortical degeneration. Metab Brain Dis. 
32(5):1437–1447. 2017b. https://doi.org/10.1007/s11011-017-0011-7

Ekong, M.B., Muonagolu, J.N. & Akpan, U.B. Rauwolfia vomitoria root bark extract affects the cervical 
ventral horn cells of  the spinal cord. Annals of  Advanced Medical Sciences, 2(1):A22-A26, 2018. 
https://doi.org/10.21276/AAMS.192

Ekong, M.B., Peter, A.I, Edagha, I.A., Ekpene, U.U. & Friday, D.A. Rauwolfia vomitoria inhibits olfaction 
and modifies olfactory bulb cells. Brain Research Bulletin. 124: 206–213, 2016b. http://dx.doi.
org/10.1016/j.brainresbull.2016.05.008.

Ekong, M.B., Peter, A.I. & Ekpene, U.U. Co-administration of  Rauwolfia vomitoria with Gongronema 
latifolium or Vernonia amygdalina on spatial learning, memory, and some bio-molecules. Asian J Med 
Sci. 7(1): 82-87, 2016a. https://doi.org/10.3126/ajms.v7i1.11156

Ekong, M.B., Peter, A.I., Ekpene, U.U., Bassey, E.I., Eluwa, M.A., Akpanabiatu, M.I. & Ekanem, 
T.B. Gongronema latifolium modulates Rauwolfia vomitoria induced behavior, biochemicals, and 
histomorphology of  the cerebral cortex. Int J Morphol. 33(1): 77-84, 2015a. http://dx.doi.
org/10.4067/S0717-95022015000100013 

Ekong, M.B., Peter, M.D., Peter, A.I., Eluwa, M.A., Umoh, I.U., Igiri, A.O. & Ekanem, T.B. Cerebellar 
neurohistology and behavioural effects of  Gongronema latifolium and Rauwolfia vomitoria in mice. Metab 
Brain Dis. 29: 521-527, 2014. https://link.springer.com/article/10.1007/s12565-020-00527-1

Ekor M. The growing use of  herbal medicines: issues relating to adverse reactions and challenges in 
monitoring safety. Front Pharmacol. 4: 177, 2013. https://doi.org/10.3389/fphar.2013.00177

Eluwa, M.A., Ekanem, T.B., Udoh, P.B., Ekong, M.B., Akpantah, A.O., Asuquo, O.R. & Nwakamma, 
A.O.. Teratogenic effects of  crude ethanolic extract of  root bark and leaf  extract of  Rauwolfia 
vomitoria (Apocynaceae) on Nissl substances of  albino Wistar Rats Foetuses. Neurosci J. 2013, 
2013b. https://doi.org/10.1155/2013/906731 

Eluwa, M.A., Idumesaro, N.B., Ekong, M.B., Akpantah. A.O. & Ekanem, T.B. Effects of  aqueous extract 
of  Rauwolfia vomitoria root bark on the cytoarchitecture of  the cerebellum and neurobehaviour of  
adult male Wistar rats. Int J Alternative Med, 6(2), 2008. https://doi.org/10.4103/jeca.jeca_35_16

Eluwa, MA., Ekanem, T.B., Udoh, P.B., Ekong, M.B., Akpantah, A.O., Asuquo, O.R. & Nwakamma, 
A.O. Teratogenic effects of  crude ethanolic extract of  root bark and leaf  extract of  Rauwolfia 
vomitoria (Apocynaceae) on the femur of  albino Wistar rats foetuses. J Histol, 2013, 2013a. https://
doi.org/10.1155/2013/363857

Garman, R.H. Histology of  the central nervous system. Toxicol Pathol. 39: 22-35, 2011.

Haque, A., Polcyn, R., Matzelle, D. & Banik, N.L. New insights into the role of  neuron-specific 
enolase in neuro-inflammation, neurodegeneration, and neuroprotection. Brain Sci. 8(33), 2018. 
https://doi.org/10.3390/brainsci8020033

Ihunwo, A.O., Tembo, L.H., Dzamalala, C. The dynamics of  adult neurogenesis in human 
hippocampus. Neural Regen Res. 11(12): 1869-1993, 2016. https://doi.org/10.4103/1673-
5374.195278

https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.4314%2Fijmu.v10i1.2
https://doi.org/10.1007/s11011-017-0011-7
https://doi.org/10.21276/AAMS.192
http://dx.doi.org/10.1016/j.brainresbull.2016.05.008
http://dx.doi.org/10.1016/j.brainresbull.2016.05.008
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3126%2Fajms.v7i1.11156
https://dx.doi.org/10.3389%2Ffphar.2013.00177
https://doi.org/10.1155/2013/906731
https://doi.org/10.1155/2013/363857
https://doi.org/10.1155/2013/363857
https://dx.doi.org/10.3390%2Fbrainsci8020033


18Moses B. Ekong, Ubong U. Ekpene, Agnes A. Nwakanma & Christopher C. Mbadugha

Iwanaga, T., Takahashi, Y. & Fujita, T. Immunohistochemistry of  neuron-specific and glial-specific 
proteins. Archives of  Histology and Cytology. 52: S13-S24, 1989. https://doi.org/10.1679/
aohc.52.Suppl_13

Iwu, M.M. & Court, W.E. Root alkaloids of  Rauwolfia vomitoria Afz. Planta Medica. 32:88-99, 1977. 
https://doi.org/10.1055/s-0028-1097565

Kiernan, J.A. Barr’s The Human Nervous System: An Anatomical View point. 9th ed. Lippicott 
Williams & Wilkins. Philadelphia. Pp259-264, 2009.

Mages, B., Aleithe, S., Altmann, S., Blietz A., Nitzsche, B., Barthel, H., Horn, A.K.E., Hobusch, 
C., Härtig, W., Krueger, M. & Michalski, D.. Impaired neurofilament integrity and neuronal 
morphology in different models of  focal cerebral ischemia and human stroke tissue. Front. Cell. 
Neurosci. 12:161, 2018. https://doi.org/10.3389/fncel.2018.00161 

Metzger, R.R., Brown, J.M., Sandoval, V., Rau, K.S., Elwan, M.A., Miller, G.W., et al. Inhibitory 
effect of  reserpine on dopamine transporter function. Eur J Pharmacol. 456(1-3):39-43, 2002.
https://doi.org/10.1016/s0014-2999(02)02647-x

Millan, M.J., Newman-Tancredi, A., Audinot, V., Cussac, D., Lejeune, F., Nicolas, J.-P., Cogé, F., 
Galizzi, J.P., Boutin, J.A., Rivet, J.M., Dekeyne, A. & Gobert, A. Agonist and antagonist actions of  
yohimbine as compared to fluparoxan at alpha(2)-adrenergic receptors (AR)s, serotonin (5-HT)(1A), 
5-HT(1B), 5-HT(1D), and dopamine D(2) and D(3) receptors. Significance for the modulation of  
frontocortical monoamine transmission and depressive states. Synapse. 35(2):79-95, 2000. https://
doi.org/10.1002/(SICI)1098-2396(200002)35:2<79::AID-SYN1>3.0.CO;2-X

Mirowska-Guzel, D. & Balkowiec-Iskra, E. The role of  monoamine oxidase in humans and its 
metabolism. Psychiatric Annals. 44(11):495-501, 2014 https://doi.org/10.3928/00485713-
20141106-04

Molina, J., Joaquim. A., Bonamin, L.V., Martins, M.F.M., Kirsten, T.B., Cardoso, C.V., Bernardi, 
M.M., Bondan, E.F.. Reduced astrocytic expression of  GFAP in the offspring of  female rats that 
received hypercaloric diet.Nutr Neurosci. 1-11, 2018.

Nduohosewo, I.S. & Ekong, M.B. Murine’s amygdala microstructure and elevated plus maze activities 
following R. vomitoria root bark and G. latifolium leaf  extracts administration. Anat Sci Int. 95:342–
355, 2020. https://doi.org/10.1007/s12565-020-00527-1.

Obembe, A. Antipsychotic effects and tolerance of  crude Rauwolfia vomitoria in Nigerian psychiatric 
patients. J Psychother Res. 8(4):214-223, 2001. https://doi.org/10.1080/1028415X.2018.1512783

Okereke, S.C., Ijeh, I. & Arunsi, U.O. Determination of  bioactive constituents of  Rauwolfia vomitoria 
Afzel (Asofeyeje) roots using gas chromatography-mass spectrometry (GC-MS) and Fourier 
transform infrared spectrometry (FT-IR). Afr J Pharm Pharmacol. 11(2), pp. 25-31, 2017.

Okon, K.A., Bassey, E.I., Edet, I.E. & Samuel, G.U. Neurohistological study of  the interactive 
influence of  ethanolic leaf  extracts of  Sida acuta and Rauvolfia vomitoria on the hippocampus 
of  albino rats. J. Complementary Altern. Med. Res. 10(1):31-36, 2020. https://doi.org/10.9734/
jocamr/2020/v10i130155

Perez, S.M. & Lodge, D.J. Convergent inputs from the hippocampus and thalamus to the nucleus 
accumbens regulate dopamine neuron activity. J Neurosci. 38(50):10607-10618, 2017. https://doi.
org/10.1523/JNEUROSCI.2629-16.2018

https://doi.org/10.1679/aohc.52.Suppl_13
https://doi.org/10.1679/aohc.52.Suppl_13
https://doi.org/10.1055/s-0028-1097565
https://doi.org/10.3389/fncel.2018.00161
https://doi.org/10.1016/s0014-2999(02)02647-x
https://doi.org/10.1002/(SICI)1098-2396(200002)35:2%3c79::AID-SYN1%3e3.0.CO;2-X
https://doi.org/10.1002/(SICI)1098-2396(200002)35:2%3c79::AID-SYN1%3e3.0.CO;2-X
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3928%2F00485713-20141106-04
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.3928%2F00485713-20141106-04
https://doi.org/10.1007/s12565-020-00527-1
https://doi.org/10.1080/1028415x.2018.1512783
https://doi.org/10.9734/jocamr/2020/v10i130155
https://doi.org/10.9734/jocamr/2020/v10i130155


19Characterization of  Hippocampal Histomorphology Following R. vomitoria Root Extract Treatment

Strayer, D.S. & Rubin, E. Cell injury. In: Rubin E, Reisner HM. edited. Essentials of  Rubin’s Pathology, 
fifth ed. Lippincott Williams & Wilkins, Baltimore. 2009.

Trautz, F., Franke, H., Bohnert, S., Hammer, N., Muller, W., Stassart, R., Tse, R., Zwirner, J., Dreᵝler 
J. & Ondruschka, B. Survival-time dependent increase in neuronal IL-6 and astroglial GFAP 
experession in fatally injured human brain tissue. Scientific Reports. 9:11771, 2019. https://doi.
org/10.1103/PhysRevA.82.062902

Welz, A.W., Emberger-Klein, A. & Menrad, K.. Why people use herbal medicine: insights from a 
focus-group study in Germany. BMC Complementary and Alternative Medicine. 18:92, 2018.

Yang, Z. & Wang, K.K.W. Glial fibrillary acidic protein: from intermediate filament assembly and 
gliosis to neurobiomarker. Trends Neurosci. 38(6):364-374, 2015. https://doi.org/10.1016/j.
tins.2015.04.003

Yardimoğlu, M., İlbay, G., Dalçik, C., Dalçik, H., Sahi˙n, D. & Ateş, N Immunocytochemistry of  
Neuron specific enolase (nse) in the rat brain after single and repeated epileptic seizures, Int J 
Neurosci. 118:7, 981-993, 2008. https://doi.org/10.1080/00207450701769232

Yu, L., Jiang, X., Liao, M., Ma, R. & Yu, T. Antidepressant-like effect of  tetramethylpyrazine in mice 
and rats. Neurosci. Med., 2: 142-148, 2011. https://doi.org/10.4236/nm.2011.22020

RESUMEN
Introducción: Rauwolfia vomitoria (RV) Afzel es una planta antipsicótica utilizada por varias 
comunidades africanas en el tratamiento de enfermedades psiquiátricas con buenos resultados. 
Las preocupaciones sobre sus efecto sobre la actividad cerebral conducen a esta investigación de 
su acción sobre la microestructura del hipocampo.

Materiales y métodos: Se asignaron veinticuatro ratas Wistar macho adultas de un peso medio 
de 200 g, en cuatro grupos (n = 6): control; 200, 300 y 400 mg / kg de peso corporal de extracto 
de corteza de raíz de RV, respectivamente. La administración fue una vez al día y por vía oral 
durante siete días. Se realizó una observación diaria de los animales hasta el día ocho, cuando 
fueron sacrificados después de una anestesia profunda. Cada cerebro fue procesado para estudios 
histológicos e inmunohistoquímicos.

Resultados: Los animales en los grupos de RV de 200, 300 y 400 mg / kg parecían generalmente 
apagados y somnolientos, y apenas alimentados. Su histología hipocampal mostró atrofia neuronal 
y cariorrexis, sin diferencia en el recuento celular, aunque el número de células piramidales 
disminuyó en los grupos de RV de 300 y 400 mg / kg. La enolasa específica de neuronas disminuyó 
en el grupo de RV de 400 mg / kg, mientras que el neurofilamento disminuyó en todos los grupos 
de prueba. La expresión y densidad de la proteína fibrilar ácida glial aumentó en los grupos de 
RV de 200 y 300 mg / kg, pero no en el grupo de RV de 400 mg / kg, todos en comparación con 
el grupo de control.

Conclusión: Las dosis administradas de extracto de corteza de raíz de RV en ratas Wistar adultas 
mostraron actividades sedantes, con cambios histopatológicos del hipocampo, que pueden no ser 
reversibles, lo que conduce al déficit funcional del hipocampo.
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