
Chiroma et al. 
Bulletin of the National Research Centre          (2022) 46:150  
https://doi.org/10.1186/s42269-022-00839-4

RESEARCH

Anticonvulsant activity and mechanism 
of actions of fractions of Ipomoea asarifolia 
(Desr) (Convolvulaceae) ethanol leaf extract
Samaila S. Chiroma1, Abdullahi B. Nazifi1, Ya’u Jamilu2, Aliyu Musa1, Lawal A. Bichi1 and Samaila M. Chiroma3*    

Abstract 

Background:  Preparation of Ipomoea asarifolia (Desr) (Convolvulaceae) is widely used in traditional African medicine 
for the treatments of different kinds of ailments such as syphilis, malaria, convulsions and rheumatism.

Aim:  The anticonvulsant properties of fractions of leaf of Ipomoea asarifolia (Desr); n-butanol (BF), chloroform, 
n-hexane and residual aqueous fractions (RAF) were evaluated on animals.

Results:  The RAF at dose of 75 mg/kg (P < 0.01) with 33% quantal protection and 83% protection against mortality is 
the most active fraction when compared with BF at 300 mg/kg (P < 0.01) with no quantal protection and 83% protec-
tion against mortality; the anti-seizure activity could be because of the presence of saponins (23.3%) and flavonoids 
(43.92%). The RAF may also owes its anticonvulsant activity via GABAergic pathway as flumazenil at 2 mg/kg signifi-
cantly (P < 0.05) blocked the activity of RAF, via glutamatergic pathway with RAF (P < 0.05) significantly reversing the 
proconvulsive activity of ketamine at 200 mg/kg as compared to ketamine alone. Opioidergic pathway may also be 
implicated as naloxone 1 mg/kg significantly (P < 0.05) reduced the anticonvulsant effect of RAF.

Conclusions:  BF and RAF of leaf of Ipomoea asarifolia have shown anticonvulsants activities in PTZ-induced sei-
zures. RAF was observed to be the most active fraction of Ipomoea asarifolia extract which probably exerts its action 
through GABAergic, glutamatergic and opioidergic pathways.
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Background
Epilepsy is a neurological disorder that affects 2–5% of 
the global population; about 67 million people have epi-
lepsy (Angus-Leppan and Parsons 2008). In Nigeria, epi-
lepsy affects 3.1–37 per 1000 population (Owolabi et al. 
2019). Main cause of epileptic seizure is the imbalance 
between the excitatory (glutamatergic) and the inhibitory 
(GABAergic) drive at the synaptic level. Seizures in epi-
lepsy are generated by abnormal synchronous discharge 
in a group of neurons (Fisher et al. 2005). However, the 

exact cellular mechanisms through which seizures are 
generated in epilepsy are not well understood.

Plants are good source of new compounds with poten-
tial therapeutic effects and benefits for the management 
of debilitating neurological disorders (Bormann and Kel-
lert 1991). Some species of the genus Ipomoea have also 
shown to possess anticonvulsant activities; Ipomoea stans 
(Contreras et al. 1996), Ipomoea involucrata (David-Oku 
et al. 2017) and Ipomoea carnea (Rout and Kar 2013).

Ipomoea asarifolia belongs to family Convolvulaceae 
and authority (Desr.) Roem, and Schult is a hairless and 
succulent perennial weed that grows in hydromorphic 
soil along inland valley, rivers and streams. The weed 
is native to tropical America but now commonly found 
West Africa and Cameroun (Nacoulma 1996). The plant 
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is commonly known as morning glory, and it is called 
duman rafi (Hausa), gbọọrọ ayaba (Yoruba) and ewe-
gboro (Igbo) in Nigeria. The plants is used locally for 
neuralgia, headache, arthritis, ophthalmic and stomach 
pain in Senegal while in Northern Nigeria the leaf poul-
tice is applied to guinea worm sores (Jegede et al. 2009). 
It is used to manage malaria, convulsions and rheuma-
tism in Burkina Faso folk medicine (Meda et  al. 2017) 
and for fever and convulsion in Benin Republic. Several 
phytochemicals were found to be present in Ipomoea 
asarifolia ethanol extract. These include alkaloids, car-
diac glycosides, flavonoids, saponins, tannins, triterpenes 
and steroids (Aliyu et al. 2011). The current study investi-
gates the most pharmacologically active fractions of etha-
nol extract of Ipomoea asarifolia in acute seizure animal 
models.

Methods
Plant materials and extract preparation
The leaf of Ipomoea asarifolia was collected around 
March, 2019 at Dan Lasan Village, Kano State, Nigeria. 
It was identified and authenticated by Dr. Yusuf Nuhu at 

the herbarium in the Department of Botany, Bayero Uni-
versity Kano, and was issued a voucher specimen num-
ber of BUKHAN 153. The leaf was dried under shade 
and then ground using pistil and mortar. The grounded 
powder was extracted using cold maceration with 70% 
ethanol to mimic the traditional usage of the plant. The 
ethanol extract was fractionated by method described by 
Deng (Deng et al 2007) (Fig. 1).

Animals
Swiss albino mice of both sexes weighing between 17 and 
30 g were obtained from the animal house of Department 
of Pharmacology, Ahmadu Bello University, Zaria, while 
day-old chicks (Cockerels) weighing between 30 and 40 g 
were obtained from Olam farm Kaduna. The animals 
were kept at well ventilated room with feed and water 
ad libitum.

Drugs/chemical and equipment
Pentylenetetrazole (Sigma-Aldrich), sodium valproate 
(Sigma-Aldrich), phenytoin sodium (Pharma aid, Ham-
burg Germany), chloroform, distilled water, n-butanol 

Partitioned with n-hexane (800× 3) 2400 ml

Partitioned with chloroform (800 × 3) 2400 ml

Partitioned with n-butanol (800 × 3) 2400 ml

Filtrate Residue

Ethanol Extract Suspended in 
distilled Water

N-Butanol 
fraction

Residual aqueous 
fraction

n-hexane 
fraction

Aqueous
fraction

Chloroform 
fraction

Aqueous 
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Fig. 1  Fractionation of the ethanol leaf extract of Ipomoea asarifolia (Deng et al. 2007)
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and n-hexane were used. Ugo Basile current electroshock 
machine (Model) and diazepam (Roche, Germany) were 
also used.

Acute toxicity studies
The median lethal dose (LD50) was determined according 
to the method described by Lorke (1983). The animals 
were euthanized at the end of the acute toxicity test.

Screening for anticonvulsant activities
Pentylenetetrazole (PTZ)‑induced convulsion in mice
The method described by Swinyard and Kupferberg 
(1985) was employed to induce convulsion in mice using 
PTZ. Thirty (30) mice were randomly grouped into five 
(n = 6). Group 1 administered with normal saline 10 ml/
kg i.p. Groups 2–4 were given 75, 150 and 300  mg/kg 
i.p of chloroform, n-butanol and n-hexane fractions of 
ethanol extract of Ipomoea asarifolia, respectively, while 
group 5 received sodium valproate 200  mg/kg. Thirty 
minutes later, the mice received PTZ 85 mg/kg subcuta-
neous (Sc) and were observed for another 30 min.

Maximal electroshock‑induced convulsion in chicks
The method earlier described by Swinyard and Kup-
ferberg for induction of electric shock convulsion [16] 
was used in the study. 50-day-old chicks were randomly 
grouped in five (n = 10). Group 1 was administered with 
normal saline 10 ml/kg i.p., groups 2 to 4 received 75, 150, 
300  mg/kg i.p. of n-hexane, chloroform and n-butanol 
fractions of ethanol extract of Ipomoea asarifolia, respec-
tively, while group 5 received 20 mg/kg of phenytoin i.p. 
Maximal electroshock was administered after 30 minutes 
to induce seizure in the chicks which manifests as tonic 
hind limb extension (THLE). The ability to prevent this 
feature or prolong the latency and/or onset of the THLE 
was considered as an indication of anticonvulsant activity 
(Swinyard 1969; Sayyah et al. 2002).

Effects of flumazenil on anticonvulsant effects of RAF 
of ethanol leaf extract of Ipomoea asarifolia on PTZ‑induced 
seizures
The mice were randomly grouped into eight (n = 6). 
Group 1 receiving distilled water at 10  ml/kg and PTZ 
at 85  mg/kg. Groups 2–8 were administered with RAF 
(75  mg/kg), flumazenil (2  mg/kg), flumazenil (2  mg/
kg) and RAF (75 mg/kg), sodium valproate (200 mg/kg), 
flumazenil (2  mg/kg) and sodium valproate (200  mg/
kg), diazepam (5  mg/kg) and flumazenil (2  mg/kg) and 
diazepam (5  mg/kg) doses, respectively, followed by 
PTZ (85  mg/kg) after 30  min of injection of the drugs. 
The responses were recorded within 30  min after PTZ 
administration.

Effects of ketamine on anticonvulsant effects of RAF 
of ethanol leaf extract of Ipomoea asarifolia on PTZ‑induced 
seizures
The mice were distributed into eight groups having six 
mice each (n = 6). Group 1 served as control received dis-
tilled water 10  ml/kg and PTZ (85  mg/kg). Groups 2–8 
received RAF (75 mg/kg), ketamine (5 mg/kg), ketamine 
and RAF, sodium valproate (200  mg/kg), ketamine and 
sodium valproate, diazepam (5  mg/kg), and ketamine 
and diazepam, respectively, followed by 85 mg/kg of PTZ 
after 30 min. The responses were recorded within 30 min 
after PTZ administration.

Effects of naloxone on anticonvulsant effects of RAF 
of ethanol leaf extract of Ipomoea asarifolia on PTZ‑induced 
seizures
The mice were grouped randomly into 8 containing six 
mice each (n = 6). Group 1 served as control received dis-
tilled water 10  ml/kg and PTZ (85  mg/kg). Groups 2–8 
received RAF (75 mg/kg), naloxone (1 mg/kg), naloxone 
and RAF, sodium valproate (200  mg/kg), naloxone and 
sodium valproate, diazepam (5 mg/kg) and naloxone and 
diazepam, respectively, followed by PTZ (85 mg/kg) after 
30 min. The responses were recorded within 30 min after 
the administration of PTZ.

At the end of the screening for anticonvulsant activi-
ties, all the animals were humanely euthanized. Prior to 
the experiment, simple randomization was used for the 
groupings of the animals; however, it was concealed to all 
research team members except 1 person in order to pre-
vent biasness.

Statistical analysis
The data obtained were presented as mean ± SEM. One-
way analysis of variance (One-way ANOVA) followed by 
Tukey or Dunnett post hoc tests was conducted using 
Statistical package for social sciences (SPSS) version 20. 
Values of P < 0.05 were considered statistically significant.

Results
Effects of fractions of n‑hexane, chloroform, n‑butanol 
and RAF of crude leaf extract of Ipomoea asarifolia 
on PTZ‑induced seizures in mice
Figure  2 shows the effects of fractions of chloroform, 
n-butanol, n-hexane and RAF of crude leaf extract of Ipo-
moea asarifolia on PTZ-induced seizures in mice. There 
n-hexane and chloroform could not protect the mice 
from the PTZ-induced seizures, while n-butanol at doses 
of 150 and 300  mg/kg and RAF at doses of 75  mg and 
300 mg/kg have significantly (P < 0.01) delayed time onset 
of PTZ-induced seizures by increasing the mean onset 
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time as compared to the standard. The standard control 
sodium valproate at 200 mg/kg completely protected the 
mice from seizure.

Quantal protection effects of fractions of chloroform, 
n‑butanol, n‑hexane and RAF of crude leaf extract 
of Ipomoea asarifolia against PTZ‑induced death in mice
Figure  3 shows quantal protection against seizure and 
protection against mortality. There is no protection by 
n-hexane and chloroform fractions at all the tested doses 
against seizure, while n-butanol and RAF have shown 

some level of protection at doses of 75 mg for n-butanol 
fraction and at all tested doses of residual aqueous fac-
tion (RAF) compared to the negative standard. Sodium 
valproate has protected all the mice from seizure as 
shown above (100%). The n-hexane and chloroform frac-
tions have shown low level of protection against death, 
as only at dose of 75  mg/kg for n-hexane and 150  mg/
kg for chloroform at 33 and 50%, respectively, compared 
to the standard drug (sodium valproate) that prevent 
mice death by 100%. Fractions of n-butanol and RAF 
have shown good level of protection against death, and 
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all the tested doses have shown protection against death. 
The n-butanol at doses of 75, 150 and 300  mg/kg, RAF 
at doses of 75, 150 and 300 mg/kg have shown 83.33, 50, 
83.33, 83.33, 66.67 and 50%, respectively, compared to 
the standard drug sodium valproate at 200  mg/kg that 
shows 100% protection.

Mechanistic studies
Effect of flumazenil on RAF of ethanol leaf extract of Ipomoea 
asarifolia on PTZ‑induced seizures in mice
The administration of PTZ has induced myoclonic sei-
zure in all the mice in the negative control group, while 
the administration of RAF at dose of 75  mg/kg signifi-
cantly (P < 0.05) increased the latency of onset of seizure 
when compared to the negative control. The standard 
drug diazepam (5  mg/kg) provided 100% protection 
against PTZ-induced seizures. On interaction of RAF 
with flumazenil, there was significant reduction (P < 0.05) 
in the anticonvulsant activity of RAF when compared 
to RAF alone. Similarly, reduction in the anticonvulsant 
activity of diazepam was also observed when diazepam 
was interacted with flumazenil from complete abolishing 
of seizure to significant (P < 0.01) reduction in the activity 
of diazepam (Table 1).

Effect of ketamine on RAF of ethanol leaf extract of Ipomoea 
asarifolia on PTZ‑induced seizures in mice
The administration of PTZ-induced myoclonic sei-
zure in all the mice in the negative control group, while 
the administration of residual aqueous fraction of Ipo-
moea asarifolia (RAF) 75  mg/kg significantly (P < 0.05) 
increased the latency of time onset of seizure when com-
pared to the negative control. The standard drug sodium 
valproate (200 mg/kg) provided 100% protection against 

PTZ-induced seizures. On interaction of RAF with Ket-
amine, there was significant reduction (P < 0.05) in the 
proconvulsant effect of ketamine as compared to keta-
mine alone. Similarly, reduction in the anticonvulsant 
activity of sodium valproate (SV) was also observed when 
it was interacted with ketamine (Table 2).

Effect of naloxone on RAF of ethanol leaf extract of Ipomoea 
asarifolia on PTZ‑induced seizures in mice
The administration of PTZ induced myoclonic sei-
zure in all the mice in the negative control group, while 
the administration of residual aqueous fraction of Ipo-
moea asarifolia (RAF) 75  mg/kg significantly (P < 0.05) 
increased the latency of time onset of seizure when com-
pared to the negative control. The standard drug sodium 
valproate (200 mg/kg) provided 100% protection against 
PTZ-induced seizures. On interaction of RAF with nalox-
one (1 mg/kg), there was significant reduction (P < 0.05) 
in the anticonvulsant activity of RAF when compared to 
RAF alone. Similarly significant (P < 0.01) reduction in 
the anticonvulsant activity of sodium valproate was also 
observed when it was interacted with naloxone 1 mg/kg 
(Table 3).

Discussion
The fractions of the ethanol leaf extract of Ipomoea asari-
folia were subjected to PTZ- and MEST-induced mod-
els of seizures. The fractions tested were chloroform, 
n-butanol, n-hexane and RAF. n-hexane fraction (HF) 
and chloroform fraction (CF) did not show anticonvul-
sant effects, while n-butanol (BF) and RAF have shown 
anticonvulsant activities. In the HF fraction, the pres-
ence of cardiac glycosides, saponins and steroids was 
observed, while CF has cardiac glycosides, flavonoids and 

Table 1  Effects of flumazenil on RAF of ethanol leaf extract of Ipomoea asarifolia on PTZ-induced seizure in mice

D/W, distilled water; RAF, residual aqueous fraction of Ipomoea asarifolia; FLU, flumazenil; DZP, diazepam; SV, sodium valproate

Values are presented as mean ± SEM

*P < 0.05; **P < 0.01 as compared to D/W group

#P < 0.05 as compared to RAF group—One-way ANOVA followed by Tukey post hoc test, n = 6

Treatment (mg/kg) Onset of seizures (min.) Quantal protection %Protection against 
seizures

%Protection 
against 
mortality

D/W (10 ml/kg) 4.00 ± 0.26 0/6 0.00 66.67

RAF (75) 10.17 ± 1.70* 1/6 16.67 83.33

FLU (2) 7.17 ± 1.67 0/6 0.00 83.33

FLU (2) + RAF (75) 5.83 ± 0.40# 0/6 0.00 50.00

SV (200) – 6/6 100.00 100.00

FLU (2) + SV (200) 25.00 ± 1.00** 4/6 66.67 100.00

DZP (5) – 6/6 100.00 100.00

FLU (2) + DZP (5) 12.60 ± 2.23** 0/6 0.00 100.00
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steroids. Qualitative phytochemical analyses of the active 
fractions (BF and RAF) have shown presence of alkaloids, 
cardiac glycosides, flavonoids, tannins and saponins. Fla-
vonoids and saponins are known to possess anticonvul-
sants activities (Saikia et al. 2016; Choudhary et al. 2011). 
The anticonvulsant activities shown by BF and RAF are 
seen in PTZ-induced seizure but not observed in MEST, 
a non-mechanistic seizures model. It was designed to 
test for drugs that can abolish hind limb tonic extension 
(HLTE) (Stables and Kupferberg 1997). There is increas-
ing activity of the fractions with increasing polarity as 
seen with presence of saponins and flavonoids which 
are polar (BF and RAF). Substance that inhibits voltage-
dependent Na+ channels can prevent MES-induced tonic 
extension (Rogawski and Porter 1990). Both RAF and 

BF did not have effects on MES-induced seizures which 
probably show that they do not interfere with voltage-
dependent NA+ channels. Flavonoids are both polar and 
non-polar; flavonoid glycosides are soluble in polar sol-
vent while flavonoid aglycones are not, while saponins 
are polar compounds. Saponins are also known to pos-
sess anticonvulsant activity (Singh and Goel 2016). The 
flavonoids and saponins in BF and RAF are probably 
responsible for the anticonvulsant activity seen in PTZ-
induced seizures. The study has also shown that the RAF 
is the most active fraction of the leaf extract of Ipomoea 
asarifolia with (P > 0.01), 33% quantal protection against 
seizure and 88.3% protection against mortality. Saponins 
are also known to bind to GABAA receptor in rat brain 
(Kim et al. 2001) and it is also shown to inhibit NMDA 

Table 2  Effects of ketamine on RAF of ethanol leaf extract of Ipomoea asarifolia on PTZ-induced seizure in mice

D/W, distilled water; RAF, residual aqueous fraction of KETA; KETA, ketamine; DZP, diazepam; SV, sodium valproate

Values are presented as mean ± SEM

*P < 0.05; **P < 0.01 as compared to D/W group
# P < 0.05 as compared to RAF group—One-way ANOVA followed by Tukey post hoc test, n = 6

Treatment (mg/kg) Onset of seizures (min.) Quantal protection %Protection against 
seizures

%Protection 
against 
mortality

D/W (10 ml/kg) 4.00 ± 0.26 0/6 0.00 66.67

RAF (75) 10.17 ± 1.70* 1/6 16.67 83.33

KETA (200) 1.17 ± 0.17* 0/6 0.00 83.33

KETA (200) + RAF (75) 2.33 ± 0.67# 0/6 0.00 50.00

SV (200) – 6/6 100.00 100.00

KETA (200) + SV (200) 17.50 ± 0.50** 4/6 66.67 100.00

DZP (5) – 6/6 100.00 100.00

KETA (200) + DZP (5) – 6/6 100.00 100.00

Table 3  Effects of naloxone on RAF of ethanol leaf extract of Ipomoea asarifolia on PTZ-induced seizure in mice

D/W, distilled water; RAFI, residual aqueous fraction of Ipomoea asarifolia; NAL, naloxone; DZP, diazepam; SV, sodium valproate

Values are presented as mean ± SEM

*P < 0.05; **P < 0.01 as compared to D/W group

#P < 0.05 as compared to RAF group—One-way ANOVA followed by Tukey post hoc test, n = 6

Treatment (mg/kg) Onset of seizures (Min.) Quantal protection % Protection against 
seizures

% Protection 
against 
mortality

D/W (10 ml/kg) 4.00 ± 0.26 0/6 0.00 66.67

RAF (75) 10.17 ± 1.70* 1/6 16.67 83.33

NAL (1) 6.00 ± 1.14 0/6 0.00 50.00

NAL (1) + RAF (75) 5.80 ± 0.97# 1/6 16.67 100.00

SV (200) – 6/6 100.00 100.00

NAL (1) + SV (200) 20.00 ± 5.13** 3/6 50.00 100.00

DZP (5) – 6/6 100.00 100.00

NAL (1) + DZP (5) – 6/6 100.00 100.00
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receptor mediated epileptic discharge in a cultured hip-
pocampal neuron (Kim and Rhim2004). Flavonoids have 
also been shown to act on GABAA receptors through the 
benzodiazepine-binding site, as well as independently of 
the benzodiazepine-binding site (Chua et al. 2015). How-
ever, many flavonoids cause biphasic responses, inhibit-
ing GABA actions at high concentrations and conversely 
enhancing at low concentrations. Additionally, other 
flavonoids, at high concentration act as agonist in the 
absence of GABA by directly gating the receptor (Chua 
et al. 2015). Some tannins (ellagic acid) have also shown 
been to possess anticonvulsants activities (Sharma and 
Kaushik 2018) and alkaloids (Taesotikul et al. 1998). The 
anticonvulsant activity of RAF can be attributed any of 
the phytochemical constituents from the plant Ipomoea 
asarifolia.

GABA is known to play a great role as inhibitory neu-
rotransmitter by acting on the GABAA receptors leading 
to influx of chloride ions resulting in hyperpolarisation. 
GABAA receptor is the main receptor that is implicated 
in seizure disease; it is a pentameric cys- loop ligand 
gated ionotrophic receptor consisting of five subunits of 
proteins (2α, 2β and 1γ). The GABAA receptor has two 
receptor binding sites with benzodiazepine-binding site 
between gamma and alpha peptide subunits, while the 
normal GABA binding (picrotoxin) site is between alpha 
and beta peptide subunits. Enhancement of GABAergic 
receptors at the hippocampus and dentate gyrus result in 
brain inhibitory function, while inhibition of GABAergic 
receptors leads to decrease or blockade of the inhibitory 
function in the brain allowing glutamatergic excitatory 
function to takeover. Flumazenil, a non-competitive 
GABAA/benzodiazepine-binding site-specific antagonist 
of GABA inhibitory function (Brogden and Goa 1998), 
was used in the interactive studies. PTZ, chemo-con-
vulsant used induced seizure by blocking GABA recep-
tor chloride channel (De Deyn et al. 1992). In the study, 
RAF alone has significantly (P < 0.05) increased the mean 
onset time of seizure of mice in PTZ-induced seizure 
leading to increase in seizure threshold as compared to 
the negative control, but on interacting flumazenil with 
RAF, it reverses the anticonvulsant effect of the RAF, 
and since flumazenil is BDZ specific receptor of GABAA 
receptor, it signifies the RAF may act via the BDZ recep-
tor site of GABAergic pathway. The standard drug diaz-
epam a known BDZ receptor site agonist protected 
the mice completely, but interacting diazepam with 
flumazenil decreases its activity leading to seizure. This 
action also supports that fact that RAF may be acting 
via the GABAergic pathway. It is observed that an agent 
that blocks PTZ-induced seizures and raises electrical 
impulse threshold is effective against absence seizure (De 
Deyn et al. 1992).

Glutamate is brain’s major excitatory neurotransmit-
ter that acts on AMPA, NMDA and KA receptors in the 
brain; this pathway plays a vital role in epilepsy. Activa-
tion of metabotropic and ionotrophic postsynaptic glu-
tamate receptors can lead to seizures. NMDA receptor 
is a tetramer that is control by 7 genes, namely GluN1, 
GluN2A-GluN2D and GluN3A-GluN3B. The tetrameric 
structure of the receptor is made up of a pair of 2-GluN1 
proteins and a combination of any other 2 from the other 
proteins. Glutamate does not bind with GluN1 protein, 
the others as glycine and d-serine bind to GluN1 pro-
teins. Agents that act as n-methyl-D-aspartate (NMDA) 
receptors antagonist are good anticonvulsants in many 
laboratory animals’ models of epilepsy (Kumar and Singh 
2016). The NMDA receptor has NMDA and phency-
clidine binding site (Aram et  al. 1989). Ketamine, an 
NMDA receptor non-competitive antagonist (Dingl-
edine et  al. 1999), is used in treatment of seizures (sta-
tus epilepticus); it blocks the influx of Ca2+ (Potter and 
Choudhury 2014). Ketamine combines with phency-
clidine binding site on the NMDA receptor and blocks 
Ca2+ and Na+ leading to reduction in epileptiform dis-
charge and neuronal excitability resulting in its anticon-
vulsant effect (Aram et  al. 1989). However, ketamine at 
high doses has proconvulsant effects. Ketamine, an anes-
thetic agent is also known to display both anticonvulsant 
and proconvulsant effects (Moza 2020). Ketamine sits on 
the ion channel and blocks it which can result to disrup-
tion of glutamate functions (Sleigh et al. 2014). As seen in 
ketamine, it acts as anticonvulsant at lower dose and act 
as proconvulsant at high dose (Abend and Dlugos 2008). 
At dose range of 0.5–50 mg/kg, ketamine has shown to 
be anticonvulsant in a PTZ-induced seizure (Ghasemi 
et  al. 2010); however, experimental evidence has shown 
that ketamine is proconvulsant in PTZ-induced seizure 
at higher dose (Dashputra et  al. 2012). RAF has signifi-
cantly (P < 0.05) increased the mean onset time of seizure 
in mice in PTZ-induced seizures as compared to nega-
tive control. The ketamine at the dose of 200 mg/kg has 
significantly reduced (P < 0.05) the mean onset time of 
seizure of mice resulting in decrease in seizure threshold 
as compared to the negative control, this shows the pro-
convulsant effect of ketamine at higher dose. On interact-
ing ketamine with RAF, RAF has significantly (P < 0.05) 
reduced the proconvulsant effect of ketamine as com-
pared to ketamine alone. This implies that RAF has block 
the activity of ketamine an NMDA antagonist and hence 
the possibility of RAF acting through the glutamatergic 
pathway.

Opioid receptors are heterotrimeric G-protein couple 
receptors which belong to the large family of rhodopsin 
with 7 transmembrane domains. It consists of 3 subu-
nits: alpha, beta and gamma. The opioid receptors are 



Page 8 of 9Chiroma et al. Bulletin of the National Research Centre          (2022) 46:150 

classified into four different types of receptors, namely 
mu opioid receptor (µOR), kappa opioid receptor 
(қOP), delta opioid receptor (δOP) and opioid recep-
tor like-1 (ORL1). It is a known fact that seizures are 
also being modulated via the opioidergic pathways 
(Hong 1991). Studies have shown that morphine an 
agonist of mu receptor (µOR) has both anticonvul-
sant and proconvulsant effects at low and high doses, 
respectively, on chemo-convulsive agents (Foote and 
Gale 1984). Naloxone is an opioid receptors antagonist 
and reverses effects mediated via opioidergic pathways. 
The RAF has significantly (P < 0.05) increased the mean 
onset of time of PTZ-induced seizure; even though 
naloxone possesses proconvulsant effect, it shows no 
significant effect on the mean onset time of seizure. 
This may probably be due to different pathway from 
PTZ as it acts via GABA. On interacting naloxone with 
RAF, naloxone has significantly (P < 0.05) reduced the 
anticonvulsant effect of RAF by decreasing the seizure 
threshold as compared to RAF alone. This suggests that 
RAF may again owe its anticonvulsant activity via the 
opioidergic pathway.

Conclusions
The butanol (BF) and residual aqueous fractions (RAF) 
of leaf of Ipomoea asarifolia have shown anticonvul-
sants activities in PTZ-induced seizures. This activity 
is probably due to the presence of saponins and flavo-
noids in the respective fractions. RAF was observed to 
be the most active fraction and probably owes its anti-
convulsant property via GABAergic, glutamatergic and 
opioidergic pathways.

Abbreviations
µOR: Mu opioid receptor; қOP: Kappa opioid receptor; δOP: Delta opioid 
receptor; ORL1: Opioid receptor like-1; BF: Butanol; RAF: Residual aqueous frac-
tions; NMDA: n-Methyl-D-aspartate; PTZ: Pentalenetetrazole; HLTE: Hind limb 
tonic extension; HF: n-Hexane fraction; CF: Chloroform fraction; BF: n-Butanol.

Acknowledgements
Authors acknowledged the technical support by Aliyu Ahmed of Pharmacol-
ogy and Therapeutics Laboratory, Bayero University Kano, Nigeria.

Author contributions
 SSC, ABN, SMC, YJ, AM and LAB were involved in conceptualization; SSS and 
ABN were involved in experiments; YJ, AM and LAB were involved in supervi-
sion; SSC, ABN and SMC were involved in data analysis; SSC, ABN and SMC 
were involved in writing draft; YJ, AM and LAB revised the manuscript. All 
authors read and approved the final manuscript.

Funding
No funding was received for this work.

Availability of data and materials
Data will be given on request through the corresponding author.

Declarations

Ethics approval and consent to participate
The experimental procedures were carried out strictly in accordance with the 
“Guide to the care and use of laboratory animals in research and teaching” 
as detailed in NIH publications volume 25 No. 28 revised in 1996 (National 
Research Council 2011).

Consent for publication
Not applicable.

Competing interests
The authors declare no conflicts of interest.

Author details
1 Department of Pharmacology and Therapeutics, Bayero University Kano, 
Kano, Nigeria. 2 Department of Pharmacology, Ahmadu Bello University Zaria, 
Zaria, Nigeria. 3 Department of Human Anatomy, University of Maiduguri, 
Maiduguri, Nigeria. 

Received: 29 April 2022   Accepted: 15 May 2022

References
Abend NS, Dlugos DJ (2008) Treatment of refractory status epilepticus: 

literature review and a proposed protocol. J Pediatrneurol 38(6):377–390. 
https://​doi.​org/​10.​1016/j.​pedia​trneu​rol.​2008.​01.​001

Aliyu MS, Lawal U, Tijjani MB, Doko MHI, Garba I et al (2011) Phytochemical and 
antibacterial properties of leaf extracts of Ipomoea asarifolia. Niger J Basic 
Appl Sci 19(2):236–240. https://​doi.​org/​10.​4314/​NJBAS.​V19I2

Angus-Leppan H, Parsons LM (2008) Epilepsy: epidemiology, classification 
and natural history. Medicine 36(11):571–578. https://​doi.​org/​10.​1016/j.​
mpmed.​2008.​08.​003

Aram JA, Martin D, Tomczyk M, Zeman S, Millar J, Pohler G, Lodge D (1989) 
Neocortical epileptogenesis in vitro: studies with n-methyl-D-aspartate, 
phencyclidine, sigma and dextromethorphan receptor ligands. J Pharma-
col Exp Ther 248(1):320–328

Bormann FH, Kellert SR (1991) Ecology, economics, ethics: the broken circle. 
Bioscience (United States) 43(1). https://​www.​osti.​gov/​biblio/​67789​07

Brogden RN, Goa KL (1988) Flumazenil. A preliminary review of its benzodiaz-
epine antagonist properties, intrinsic activity and therapeutic use. Drugs 
35(4):448–467. https://​doi.​org/​10.​2165/​00003​495-​19883​5040-​00004

Choudhary N, Krishna RV, Bijjem AN (2011) Antiepileptic potential of flavo-
noids fraction from the leaves of Anisomeles malabarica. J Ethnopharma-
col 135(2):238–242. https://​doi.​org/​10.​1016/j.​jep.​2011.​02.​019

Chua HC, Absalom NL, Hanrahan JR, Viswas R, Chebib M (2015) The direct 
actions of GABA, 2’-methoxy-6-methylflavone and general anaesthetics 
at β3γ2L GABAA receptors: evidence for receptors with different subunit 
stoichiometries. PLoS ONE 10(10):e0141359. https://​doi.​org/​10.​1371/​
journ​al.​pone.​01413​59

Contreras CM, Chacón L, Enriquez RG (1996) Anticonvulsant properties of 
Ipomoea stans. Phytomedicine 3(1):41–44. https://​doi.​org/​10.​1016/​S0944-​
7113(96)​80008-0

Dashputra AV, Borkar AS, Hemnani TJ, Badwaik RT (2012) Effect of ketamine on 
seizure activity and its interactions with antiepileptic drugs in rats. Int J 
Med Pharm Sci 3(02). http://​www.​ijmps.​org/​abstr​act.​php?​artic​le_​id=​14#/

David-Oku E, Ekpenyong EU, Edet EE, Akuodor GC, Obiajunwa-Otteh JI, 
Inwang EU (2017) Anticonvulsant activities of Ipomea involucrata, Milletia 
aboensis, and Rauvolfia vomitoria on 4-aminopyridine induced seizure in 
mice. Saudi J Med Pharm Sci 3(11):1210–1215. https://​doi.​org/​10.​21276/​
sjmps.​2017.3.​11.​13

De Deyn PP, D’Hooge R, Marescau B, Pei YQ (1992) Chemical models of 
epilepsy with some reference to their applicability in the development 
of anticonvulsants. Epilepsy Res 12(2):87–110. https://​doi.​org/​10.​1016/​
0920-​1211(92)​90030-W

Deng XM, Wu FC, Wu YH (2007) An easy calibration method for central catadi-
optric cameras. Acta Autom Sin 33(8):801–807. https://​doi.​org/​10.​1360/​
aas-​007-​0801

https://doi.org/10.1016/j.pediatrneurol.2008.01.001
https://doi.org/10.4314/NJBAS.V19I2
https://doi.org/10.1016/j.mpmed.2008.08.003
https://doi.org/10.1016/j.mpmed.2008.08.003
https://www.osti.gov/biblio/6778907
https://doi.org/10.2165/00003495-198835040-00004
https://doi.org/10.1016/j.jep.2011.02.019
https://doi.org/10.1371/journal.pone.0141359
https://doi.org/10.1371/journal.pone.0141359
https://doi.org/10.1016/S0944-7113(96)80008-0
https://doi.org/10.1016/S0944-7113(96)80008-0
http://www.ijmps.org/abstract.php?article_id=14#
https://doi.org/10.21276/sjmps.2017.3.11.13
https://doi.org/10.21276/sjmps.2017.3.11.13
https://doi.org/10.1016/0920-1211(92)90030-W
https://doi.org/10.1016/0920-1211(92)90030-W
https://doi.org/10.1360/aas-007-0801
https://doi.org/10.1360/aas-007-0801


Page 9 of 9Chiroma et al. Bulletin of the National Research Centre          (2022) 46:150 	

Dingledine R, Borges K, Bowie D, Traynelis SF (1999) The glutamate receptor 
ion channels. Pharmacol Rev 51(1):7–61

Fisher RS, van Emde BW, Blume W, Elger C, Genton P, Lee P et al (2005) 
Epileptic seizures and epilepsy: definitions proposed by the International 
League Against Epilepsy (ILAE) and the International Bureau for Epilepsy 
(IBE). Epilepsia 46:470–472. https://​doi.​org/​10.​1111/j.​0013-​9580.​2005.​
66104.x

Foote F, Gale K (1984) Proconvulsant effect of morphine on seizures induced 
by pentylenetetrazole in the rat. Eur J Pharmacol 105(1–2):179–184. 
https://​doi.​org/​10.​1016/​0014-​2999(84)​90665-4

Ghasemi M, Shafaroodi H, Nazarbeiki S, Meskar H, Heydarpour P, Ghasemi A, 
Talab SS, Ziai P, Bahremand A, Dehpour AR (2010) Voltage-dependent 
calcium channel and NMDA receptor antagonists augment anticonvul-
sant effects of lithium chloride on pentylenetetrazole-induced clonic 
seizures in mice. Epilepsy Behav 18(3):171–178. https://​doi.​org/​10.​1016/j.​
yebeh.​2010.​04.​002

Hong J (1991) Hippocampal opioid peptides and seizures. Epilepsy Res Suppl 
7:187–195

Jegede IA, Nwinyi FC, Ibrahim J, Ughabe G, Zarma SD, Kunle OF (2009) Investi-
gation of phytochemical, anti-inflammatory and anti-nociceptive proper-
ties of Ipomoea asarifolia leaves. J Med Plant Res 3(3):160–164. https://​doi.​
org/​10.​5897/​JMPR.​90008​27

Kim S, Rhim H (2004) Ginsenosides inhibit NMDA receptor-mediated epileptic 
discharges in cultured hippocampal neurons. Arch Pharmacol Res 
27(5):524–530. https://​doi.​org/​10.​1007/​BF029​80126

Kim HS, Hwang SL, Nah SY, Oh S (2001) Changes of [3H] MK-801, [3H] musci-
mol and [3H] flunitrazepam binding in rat brain by the prolonged ven-
tricular infusion of ginsenoside Rc and Rg1. Pharmacol Res 43:473–479. 
https://​doi.​org/​10.​1006/​phrs.​2001.​0809

Kumar S, Singh G (2016) Pathophysiology of epilepsy: an updated review. Res 
Int J Med Health 2(10):32–36

Lorke D (1983) A new approach to acute toxicity testing. Arch Toxicol 54:275. 
https://​doi.​org/​10.​1007/​BF012​34480

Meda NTR, Compaore MB, Bangou MJ, Vlase L, Kiendrebeogo M, Ouedraogo 
AG (2017) Antioxidant screening and polyphenols profiling of Ipomoea 
asarifolia (Desr) Roem & Schult (Convulvulaceae). World J Pharm Pharm 
Sci. https://​doi.​org/​10.​20959/​wjpps​201711-​10360

Moza AN (2020) Ketamine induced generalized convulsive seizure in a healthy 
6-year-old male undergoing procedural sedation. Bahrain Med Bull 
42(1):79–80

Nacoulma OG (1996) Medicinal plants and their traditional uses in Burkina 
Faso PhD thesis, University of Ouagadougou, Burkina Faso, p 328

National Research Council (2011) National Institutes of Health Guide for the 
Care and Use of Laboratory Animals. https://​doi.​org/​10.​17226/​12910

Owolabi LF, Owolabi SD, Taura AA, Alhaji ID, Ogunniyi A (2019) Prevalence and 
burden of epilepsy in Nigeria: a systematic review and meta-analysis of 
community-based door-to-door surveys. Epilepsy Behav 92:226–234. 
https://​doi.​org/​10.​1016/j.​yebeh.​2018.​12.​017

Potter DE, Choudhury M (2014) Ketamine: repurposing and redefining a 
multifaceted drug. Drug Discov Today 19(12):1848–1854. https://​doi.​org/​
10.​1016/j.​drudis.​2014.​08.​017

Rogawski MA, Porter RJ (1990) Antiepileptic drugs: pharmacological mecha-
nisms and clinical efficacy with consideration of promising developmen-
tal stage compounds. Pharmacol Rev 42:223–286

Rout SK, Kar DM (2013) Sedative, anxiolytic and anticonvulsant effects of differ-
ent extracts from the leaves of Ipomoea carnea in experimental animals. 
Int J Drug Dev Res 5(2):232–243. https://​doi.​org/​10.​1016/j.​biopha.​2018.​
12.​114

Saikia A, Purkayastha A, Tigga R, Roy D (2016) Anticonvulsant activity of the 
methanolic extract of Lawsonia inermis leaves in albino rats. Int J Pharm 
Sci Res 7(7):3068. https://​doi.​org/​10.​13040/​IJPSR.​0975-​8232.​7(7).​3068-​72

Sayyah M, Valizadeh J, Kamalinejad M (2002) Anticonvulsant activity of 
the leaf essential oil of Laurus nobilis against pentylenetetrazole-and 
maximal electroshock-induced seizures. Int J Phytother Phytopharmacol 
9(3):212–216. https://​doi.​org/​10.​1078/​0944-​7113-​00113

Sharma VC, Kaushik A (2018) Evaluation of anticonvulsant effects of stem 
bark of Anogeissus latifolia (Roxb.) in mice. J Appl Pharm Sci 8(11):69–74. 
https://​doi.​org/​10.​7324/​JAPS.​2018.​81110

Singh D, Goel RK (2016) Anticonvulsant mechanism of saponins fraction from 
adventitious roots of Ficus religiosa: possible modulation of GABAergic, 

calcium and sodium channel functions. Rev Bras Farmacogn 26:579–585. 
https://​doi.​org/​10.​1016/j.​bjp.​2015.​10.​007

Sleigh J, Harvey M, Voss L, Denny B (2014) Ketamine-More mechanisms of 
action than just NMDA blockade. Trends Anaesth Crit Care 4(2–3):76–81. 
https://​doi.​org/​10.​1016/j.​tacc.​2014.​03.​002

Stables JP, Kupferberg HJ (1997) The NIH anticonvulsant drug development 
(ADD) program: preclinical anticonvulsant screening project. Curr Probl 
Epilepsy 12:191–198

Swinyard EA (1969) Laboratory evaluation of antiepileptic drugs: review of 
laboratory methods. Epilepsia 10(2):107–119. https://​doi.​org/​10.​1111/j.​
1528-​1157.​1969.​tb038​38.x

Swinyard EA, Kupferberg HJ (1985) Antiepileptic drugs: detection, quantifica-
tion, and evaluation. Fed Proc 44(10):2629–2633

Taesotikul T, Panthong A, Kanjanapothi D, Verpoorte R, Scheffer JC (1998) 
Neuro-pharmacological activities of the crude alkaloidal fraction 
from stems of Tabernaemontana pandacaqui poir. J Ethnopharmacol 
62(3):229–234. https://​doi.​org/​10.​1016/​S0378-​8741(98)​00081-6

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1111/j.0013-9580.2005.66104.x
https://doi.org/10.1111/j.0013-9580.2005.66104.x
https://doi.org/10.1016/0014-2999(84)90665-4
https://doi.org/10.1016/j.yebeh.2010.04.002
https://doi.org/10.1016/j.yebeh.2010.04.002
https://doi.org/10.5897/JMPR.9000827
https://doi.org/10.5897/JMPR.9000827
https://doi.org/10.1007/BF02980126
https://doi.org/10.1006/phrs.2001.0809
https://doi.org/10.1007/BF01234480
https://doi.org/10.20959/wjpps201711-10360
https://doi.org/10.17226/12910
https://doi.org/10.1016/j.yebeh.2018.12.017
https://doi.org/10.1016/j.drudis.2014.08.017
https://doi.org/10.1016/j.drudis.2014.08.017
https://doi.org/10.1016/j.biopha.2018.12.114
https://doi.org/10.1016/j.biopha.2018.12.114
https://doi.org/10.13040/IJPSR.0975-8232.7(7).3068-72
https://doi.org/10.1078/0944-7113-00113
https://doi.org/10.7324/JAPS.2018.81110
https://doi.org/10.1016/j.bjp.2015.10.007
https://doi.org/10.1016/j.tacc.2014.03.002
https://doi.org/10.1111/j.1528-1157.1969.tb03838.x
https://doi.org/10.1111/j.1528-1157.1969.tb03838.x
https://doi.org/10.1016/S0378-8741(98)00081-6

	Anticonvulsant activity and mechanism of actions of fractions of Ipomoea asarifolia (Desr) (Convolvulaceae) ethanol leaf extract
	Abstract 
	Background: 
	Aim: 
	Results: 
	Conclusions: 

	Background
	Methods
	Plant materials and extract preparation
	Animals
	Drugschemical and equipment
	Acute toxicity studies
	Screening for anticonvulsant activities
	Pentylenetetrazole (PTZ)-induced convulsion in mice
	Maximal electroshock-induced convulsion in chicks
	Effects of flumazenil on anticonvulsant effects of RAF of ethanol leaf extract of Ipomoea asarifolia on PTZ-induced seizures
	Effects of ketamine on anticonvulsant effects of RAF of ethanol leaf extract of Ipomoea asarifolia on PTZ-induced seizures
	Effects of naloxone on anticonvulsant effects of RAF of ethanol leaf extract of Ipomoea asarifolia on PTZ-induced seizures

	Statistical analysis

	Results
	Effects of fractions of n-hexane, chloroform, n-butanol and RAF of crude leaf extract of Ipomoea asarifolia on PTZ-induced seizures in mice
	Quantal protection effects of fractions of chloroform, n-butanol, n-hexane and RAF of crude leaf extract of Ipomoea asarifolia against PTZ-induced death in mice
	Mechanistic studies
	Effect of flumazenil on RAF of ethanol leaf extract of Ipomoea asarifolia on PTZ-induced seizures in mice
	Effect of ketamine on RAF of ethanol leaf extract of Ipomoea asarifolia on PTZ-induced seizures in mice
	Effect of naloxone on RAF of ethanol leaf extract of Ipomoea asarifolia on PTZ-induced seizures in mice


	Discussion
	Conclusions
	Acknowledgements
	References


