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Abstract

Background/Aim: Blighia sapida (BS) is a widely used medicinal plant in West Africa. Its leaf has been reported in
folkloric medicine to be used in the management of migraines, epilepsy, pains, and several other diseases. However,
there is limited knowledge about the scientific basis for its folkloric use in the management of epilepsy and other central
nervous system (CNS)-related disorders. The study was aimed at evaluating the sedative, anticonvulsant, and
antidepressant-like properties of the aqueous leaf extract of BS in mice. Methods: The extraction process was by cold
maceration for three days. Twenty-five mice (n = 5) of both sexes were used for each of the evaluations (diazepam-
induced sleep time, anticonvulsant and antidepressant tests) at oral doses of 125, 250, and 500 mg/kg p.o. of BS.
Results: Doses of BS shortened diazepam-induced sleep time in mice, and did not protect the mice against
pentylenetetrazole (PTZ) and maximum electroshock (MES)-induced convulsion. BS increased duration of immobility in
both the tail suspension test (TST) and forced swimming test (FST) in mice. Conclusion: These finding show that BS
lacks sedative-hypnotic effect and has no anticonvulsant and antidepressant activities. The results from this study do not
Justify its use in the treatment of epilepsy and some CNS-related disorders such as depression.
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Introduction al., 2008). Different names are ascribed to the plant in West

isorders of the brain are most frequently referred to
Das ‘mental disorders’, ‘neuropsychiatric disorders’,

or ‘neurological disorders’ (Collins et al, 2011).
While depression, panic disorders, schizophrenia, insomnia
and drug dependence are examples of mental disorders;
epilepsy, multiple sclerosis and dementia are examples of
neurologic defects (Collins et al., 2011). Many people are
still unaware of the burden of brain disorders. It was
reported by the World Health Organization (World Health
Organization, 2006) of the rise in brain disorder which is
now a worldwide problem in the 21 century. Some reports
have shown that one-third of the worlds’ population is
affected by these brain disorders (Organization, 2002;
World Health Organization, 2006; Direk and Tiemeier,
2010). Since there are no improved care and treatment for
the disorder; and only a few persons with the health issue
have access to treatment (Wittchen et al., 2011), identifying
strategies for improved prevention and treatment of brain
disorders through elucidating the activities of plant-based
products for their effects in the brain becomes necessary.

Blighia sapida (BS) K.D Koenig, is called ‘Ackee’ in
Jamaica and regarded as one of their top fruits (Mitchell ez

Africa. The Yorubas in Nigeria call it ‘Isin’ (Onuekwusi et
al., 2014). In Ghana, the Twi speaking tribe call it
‘Akyefufo/Akye’ (Osei et al., 2014). The Foulama speaking
tribe in the Republic of Benin, call it ‘Natema’ (Dansi ef al.,
2012). Herbal doctors use the leaves including the pulp to
treat conjunctivitis (Abolaji et al., 2007; Etukudo, 2003).
Trachoma and iritis have been treated with the leaf’s juice
(Etukudo, 2003). The pulp of the twiggy leaf, as well as the
leaf itself have been reported in ethnomedicine to manage
migraines and epilepsy (Sinmisola et al., 2019; Orwa et al.,
2009). Diabetes mellitus, hypertension, constipation,
hemorrhage and vomiting have been reported to be
managed by the leaf extract traditionally (Marles, 1995;
Ekué et al. 2010). Okogun (1996) has reported the use of
the bark pulp of the plant as an ointment for edema and in
managing intestinal pains.

Some bioactive secondary metabolites identified in the leaf
of BS are chlorogenic acid, saponin, tannin and quercetin
(Olayinka et al., 2021). Studies have demonstrated that the
plant possesses antioxidant (Ojo et al., 2017; Adekola et al.,
2023), analgesic (Olayinka et al., 2021), antidiabetic
(Oloyede et al, 2014; Ojo et al., 2017), antimicrobial
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(John-Dewole and Popoola, 2013), hypoglycaemic (Saidu,
2012), antihyperlipidemic (Oloyede et al., 2014) and anti-
diarhoeal (Antwi et al., 2009) properties. The leaf extract
of Blighia sapida has been reported to attenuate oxidative
stress in Drosophilia melanogaster fly (Ibraheem et al.,
2020; Ibraheem et al., 2022). A study on the stem bark of
BS has shown that it possesses antipsychotic effects in mice
(Fehintola, 2019). Other studies have also revealed that the
stem bark has the potential of inhibiting cholinergic
enzymes associated with Alzheimer's disease, and has
demonstrated its use in pest control (Ojo et al, 2017,
Adekola et al., 2023).

Although the leaf of BS has been reported in ethnomedicine
to possess anti-migraine and antiepileptic actions (Orwa et
al., 2009; Sinmisola et al., 2019), there seems to be no
detailed neuropharmacological evaluations to lend scientific
basis to these claims. Therefore, this study investigated the
neuropharmacological properties of the leaf extract of BS in
mice.

Materials and Methods

Plant material

The collection of the leaf of the plant was done in Ureje
village in Ado-Ekiti with Latitude: 7.607463; longitude:
5.255823; accuracy: 2400 m. The name of the plant was
verified using http://www.theplantlist.org. The voucher
specimen was deposited at the herbarium unit of the
Department of Botany in Ekiti State University, Ado-Ekiti,
Nigeria with voucher number UHAE 2020092 and
compared with the reference plant.

Procedure for crude drug extraction

Dried and ground leaves (150 g) of BS were subjected to
aqueous (1 L) extraction by cold maceration for 72 h. After
the extraction time, the crude filtrate was concentrated with
a water bath at 45 °C before drying in an oven for three
days. The percentage yield of the crude extract obtained
was 10% w/w, and packed into amber-colored bottle and
stored in a refrigerator at 4 °C until when needed.

Drugs and reagents

The drugs used include phenobarbitone (May and Baker,
USA), diazepam (Roche Pharmaceuticals, Germany),
pentylenetetrazole (Sigma Aldrich, USA), acetic acid (May
and Baker Ltd., Dagenham, England), imipramine (Sigma
Aldrich, St. Louis, MO, USA), and haloperidol (May and
Baker, USA).

Fingerprint of BS using HPLC/DAD

The fingerprint of aqueous leaf extract of BS using high
performance liquid chromatography/photodiode array
detector (HPLC/DAD) has been performed in a previous
study (Olayinka et al., 2021).

Experimental animals

Male and female mice weighing 20 - 25 g were procured for
each experiment from the Animal House of the Department
of Pharmacology and Toxicology, University of Benin,
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Benin City, Nigeria, where they were kept in metabolic
cages in groups (males separated from females) under
normal environmental conditions. The mice were fed with
mice pellets and water, and hygienic conditions were
maintained. The experimental process was carried out
during the day (between 09.00 a.m. and 17.00 p.m. daily).

Ethical considerations

Experimental procedures and protocols employed in this
study conformed to the “Guide to the Care and Use of
Animals in Research and Teaching” (NIH publications
number 85-93 revised in 1985). Ethical approval certificate
(reference number EC/FP/020/13) was obtained from the
Animal Research and Ethics Committee of the Faculty of
Pharmacy, University of Benin.

Acute toxicity test

Acute toxicity test of BS has been conducted in a previous
study (Olayinka et al., 2021) using the method of Lorke
(1983).

Neuropharmacological Evaluation of BS extract
Diazepam-induced sleeping time

The method described by Beretz et al. (1978) and modified
by Rakotonirina et al. (2001), were adopted. Mice were
allowed to fast for 12 h before the start of the experimental
process. They were randomly allotted to five groups (n=5).
Group I served as control which received 0.1 ml (10 ml/kg
of distilled water, orally). Groups II-IV (extract-treated
groups) were administered 125, 250, and 500 mg/kg doses
of BS orally and Group V was treated with haloperidol (1
mg/kg) intraperitoneally (i.p). After 30 min of extract
administration, diazepam (20 mg/kg) was administered i.p.
to all the groups (Groups I — V)). Loss of righting reflex
was the criterion for onset of sleep (Ajibade et al., 2022).
The latency to sleep was determined as the difference in
time between administering the drug and losing righting
reflex.

Test for anticonvulsant activity of BS extract
Pentylenetetrazole-induced convulsion

Mice were randomly grouped into five (n = 5 each). Group
I served as control (administered 10 ml/kg of distilled water
orally). Groups II, III and IV (extract-treated groups), were
administered 125, 250, and 500 mg/kg doses of BS orally.
Group V received diazepam (2 mg/kg, i.p.). After 30 min of
treatments, pentylenetetrazole (PTZ) (70 mg/kg), was
administered i.p. to all the animals. The latency to
convulsion, number of animals that convulsed and the
degree of protection were observed (Swinyard, 1982;
Ajibade et al., 2022).

Maximum electroshock-induced convulsion

Mice were randomly grouped into five (n = 5 each). Group
I was the control and was given 10 ml/kg of distilled water
orally. Groups II, III and IV (extract-treated groups)
received BS (125, 250, and 500 mg/kg) orally. Group V
received phenobarbitone (30 mg/kg, orally), the standard
drug. Convulsion was induced 1 h after, by applying
electrical stimulus of 100 mA, at a frequency of 50 Hz for
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0.2 s through auricular electrodes (Ugo Basile ECT unit,
Model 57800). Abolition or reduced duration of tonic
hindlimb extension indicated inhibition of maximum
electroshock (MES)-induced convulsion (Toman et al,
1946; Ajibade et al., 2022).

Antidepressant screening test

Forced swimming test

Different set of mice were distributed into five groups (n =
5) in a random manner. Group | was the control group and
was given distilled water (10 ml/kg, orally). Groups II, III,
and IV, respectively received BS (125, 250, and 500 mg/kg)
orally, and group V received imipramine (25 mg/kg, orally).
An hour after pre-treatment, animals were placed one after
the other into a plexiglas cylinder (height = 25 cm, diameter
= 10 cm) with water at 23-25 °C to a height of 10 cm and
observed for 6 min. A mouse stationary in the water
vertically and making slight movements to prevent
drowning was considered immobile. The total duration of
immobility was recorded during the last 4 min of the 6 min
test (Porsolt, 1981; Olayinka et al., 2023).

Tail suspension test

Mice were allotted randomly into five groups (n=5). Group
I was given distilled water (10 ml/kg, orally). Groups I, 111,
and IV received BS (125, 250, and 500 mg/kg) orally,
respectively, while group V was given imipramine (25
mg/kg, orally). An hour after treatment, the mice were hung
on the edge of a table using an adhesive tape that was to the
tip of the tail, on the edge of a table, that was 50 cm above
the floor. Immobility state was taken in 6 min a mouse from
each group. If a mouse does not show any sign of
movement, that mouse is considered as being immobile
(Porsolt et al.,1978; Olayinka et al., 2023).

Statistical analysis

Results were represented as mean + standard error of mean
(SEM) and ‘n’ stands for the number of mice, which were
examined in a group. One-way Analysis of Variance
(ANOVA) with Tukey’s multiple comparison tests was
adopted for inferential statistics. Graphpad prism version
8.00 was the statistical software used to run the analysis.
Differences were considered significant at p < 0.05.

Results

Effect of BS on diazepam-induced sleep time

Figure 1A shows that BS at all the treatment doses
increased the latency to sleep as compared with the
control. This result shows no statistically significant
difference in latency to sleep time compared with the
control. Haloperidol decreased the latency to sleep, but
was not statistically significant in comparison with the
control group (Figure 1A). Figure 1B revealed that BS,
at all the doses (125, 250, and 500 mg/kg), did not
increase the duration of sleep induced by diazepam (30
mg/kg). However, haloperidol (1 mg/kg) significantly
(p < 0.01) increased duration of sleep relative to the
control group.
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Figure 1: Effect of BS in diazepam-induced sleep time in mice.
(A) Latency to sleep time, (B) Duration of sleep time. Data
expressed as mean £ SEM, n=5. # indicates no significant
difference relative to the control. **p <0.01 vs control. BS,
Blighia sapida.

Effect of BS extract on convulsion in mice

Figure 2A shows that PTZ (70 mg/kg) produced hindlimb
tonic seizures in all the BS-administered doses (125, 250
and 500 mg/kg). There was no statistically significant
difference between the BS-treated groups and the control.
Diazepam significantly (p < 0.0001) protected the mice
against hindlimb tonic seizures compared to the control as
shown in Figure 2A. In Figure 2B, there was no statistically
significant difference in the duration of hindlimb extension
between the control group and BS-treated groups in the
MES-induced convulsion. There was no protection against
hindlimb extension seizure (HLES) at all the doses.
Phenobarbitone (30 mg/kg, orally) significantly (p <
0.0001) raised latency to convulsion as seen in Figure 2B.
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Figure 2: Effect of BS extract on seizures in mice. (A) PTZ-
induced convulsion in mice, (B) MES-induced convulsion in
mice. Data were expressed as mean + SEM, n=5. # indicates no
significant difference in comparison to the control; ****p <
0.0001 vs control, NC: Indicates no convulsion. PTZ,
pentylenetetrazole; MES, maximum electro shock, BS, Blighia
sapida.

Effect of BS extract on depressive-like behaviour in mice
Figure 3A shows that immobility time in the FST at every
given dose of BS (125, 250, and 500 mg/kg) was not
significantly different from the control. However, the
duration of immobility in the imipramine group was
significantly different (p < 0.01) in compared with the
control group. Figure 3B shows that there was no
statistically significant difference in the duration of
immobility in the BS-treated groups compared to the
control in the TST. The duration of immobility in the
imipramine group was statistically significant (p < 0.001) in
compared to the control group.
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Figure 3: Effect of BS extract on duration of immobility in mice.
(A) FST in mice, (B) TST in mice. Data expressed as mean +
SEM, n=5. # indicates no significant difference relative to the

contr; ***p < 0.001 vs control, **p <0.01 vs control. FST,
Forced swimming test; TST, Tail suspension test; BS, Blighia
sapida.

Discussion

The leaf of BS is endowed with a lot of therapeutic benefits
in ethnomedicine. However, this study demonstrated that
the leaf extract lacks the sedative-hypnotic, anticonvulsant,
and antidepressant-like activity in mice.

Results obtained from the impact of BS on sleep time
induced by diazepam in mice demonstrated that the extract
did not potentiate sedative-hypnotic effect in mice.
Sedative-hypnotic agents act by increasing gamma amino
butyric acid (GABA)-mediated synaptic inhibition by either
directly activating GABA receptors or by potentiating the
action of GABA on GABAAj receptors. Benzodiazepines
and barbiturates are examples of agents that act as GABAx
receptor modulators (Johnston, 2005; Sieghart and Savi¢,
2018). The ability of a drug to potentiate the sedative
actions of diazepam shows that it may be acting by
interacting with GABA-mediated synaptic transmission. In
this study, the extract lacks the ability to potentiate hypnotic
effect induced by diazepam, which is indicative of its non-
sedative property. Findings from a previous HPLC
screening of the leaf extract identified the presence of
caffeine in the leaf extract (Olayinka et al., 2021), which
may lend an explanation for the inability of the extract to
potentiate sleep time in the experimental animals as
caffeine has been well reported in studies to delay sleep
time (Goldstein et al.,, 1965; Dews, 1982; Snel and Lorist,
2011; Vital-Lopez et al., 2018). Experiment in humans has
shown that caffeine delayed sleep time through the
inhibition of A1 and A2A adenosine receptors, and to some
extent, the A2B and A3 adenosine receptors located in the
brain (Snel and Lorist, 2011). In rats, caffeine has been
shown to block markers of electroencephalogram of non-
rapid eye movement sleep homeostasis during sleep and
wakefulness (Landolt, 2008).

Electroshock and chemically induced models are
conventionally used primarily to screen agents with
antiepileptic property. These models induce seizures via
different mechanisms. The PTZ-induced convulsion
identifies agents that increase seizure threshold and drugs,
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which block seizures induced by this model are potential
therapies for absence seizures (Kehne et al, 2017).
Responses to these seizures include myoclonic jerks, clonic
jerks and hindlimb clonic extensor amongst others. An
investigational drug increases seizure threshold if there is
an absence of the clonic phase (Kehne et al, 2017).
Convulsive effect of PTZ is exerted via inhibiting the
activity of GABA at GABAAx receptors (De Sarro et al.,
1999).  Potentiating and  inhibiting = GABAergic
neurotransmission attenuates and enhances convulsion,
respectively (Gale, 1992; Ajibade et al, 2022).
Benzodiazepines (e.g., diazepam), are anticonvulsant agents
that increase the frequency of the chloride channel openings
through their ability to enhance the affinity of GABAa
receptors for the neurotransmitter (Kostowski, 1995;
Liiddens and Korpi, 2007). The extract, in the present study,
increased seizure threshold, although not statistically
significant. Similarly, MES-induced convulsion is a valid
model for acute seizures and shows a behavioural pattern
similar to humans (Swinyard, 1989). The MES is well
utilized in identifying compounds that prevent seizure
spread (Kehne et al, 2017). This model is a predictive
model that is effective against generalized tonic—clonic
seizures (Krall, 1978; Toman et al., 1946; Lazarini-Lopes et
al., 2020) and the endpoint in this test is tonic hindlimb
extension (Krall et al., 1978). Convulsive effect of MES is
exerted via enhancement of neuronal firing throughout the
neuroaxis, thus increasing the probability of seizures
(Rastogi and Ticku, 1985). The present study has shown
that the extract did not protect the mice against MES-
induced convulsion. This suggests that BS may not possess
anticonvulsant activity.

Depression is seen as a form of mental illness which may
affect the overall thinking process, behaviour and feelings
(Khushboo and Sharma, 2017). Behavioural studies are
useful in the evaluation and development of antidepressant
drugs (Xu et al, 2008). The FST and TST are very
important models that have been utilized widely for
screening new antidepressant agents (Cryan et al., 2005;
Berrocoso ef al., 2013). Studies have hypothesized that the
immobility demonstrated by animals subjected to these
stress models reflect behavioural despair which in turn may
reflect a state of depression in humans. Immobility
demonstrated by these animals is often reversed by a
number of antidepressants such as tricyclics, monoamine
oxidase inhibitors, and some new antidepressants (Cryan et
al., 2002; Cryan and Lucki, 2000). The ability of an extract
to reduce the duration of immobility indicates that it may
possess antidepressant property. However, in this present
study, both the FST and TST at all the BS doses prolonged
the duration of immobility in mice suggesting that the crude
drug (BS) may not be possessing antidepressant activity.

Although, it has been reported that the stem bark of BS
demonstrated antipsychotic effects in mice (Fehintola,
2019), and other studies have revealed that the stem bark
has the potential of inhibiting cholinergic enzymes
associated with Alzheimer's disease (Ojo et al, 2017,
Adekola et al., 2023). However, the current investigation
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was conducted on the aqueous leaf extract of the plant, and
did not demonstrate any form of anticonvulsant, sedative-
hypnotic, and antidepressant effects, which are core CNS-
related activities. The findings in this study are in
accordance with the findings from a previous study on the
leaf extract of BS that demonstrated that the leaf extract of
BS possesses peripheral analgesic property which reduced
pain reflex in the inflammatory phase of the formalin
induced paw licking test but did not show any central
analgesic effects as it did not inhibit pain in the neurogenic
phase of the formalin paw licking test (Olayinka et al.,
2021), suggesting that the leaf extract of BS may not
possess neuropharmacological properties.

Conclusion

Although, traditional medicine had reported that the leaf of
BS can be used in managing epilepsy and some CNS-
related disorders; findings from the anticonvulsant test,
diazepam-induced test, and antidepressant assays suggest
that the leaf extract of BS may not possess some CNS-
related activities and may not be useful in the management
of epilepsy. However, further investigations requiring the
use of cellular and molecular techniques on the leaf extract
of BS, may be recommended to establish these finding.

List of Abbreviations

BS, Blighia sapida; PTZ, pentylenetetrazole; MES,
Maximum electroshock; TST, Tail suspension test; FST,
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seizure; GABA, Gamma amino butyric acid.
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