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ABSTRACT

Parquetina nigrescens is an important ethnomedicinal plant in Nigeria, use in the treatment of epilepsy and
enhancement of memory. The aim of the study is to evaluate the antiepileptogenic and memory enhancing potential
of methanol leaf extract of P. nigrescens. Antiepileptogenic and memory enhancing potentials were investigated in
mice following pentylenetetrazole (PTZ)-induced-kindling 48 hourly (35 mg/kg, i.p) and daily oral treatment with
the extract at doses of 250, 500 and 1000 mg/kg for a period of 22 days. Seizure behaviour was observed using the
Racine’s scale for 30 minutes after PTZ administration. On the 22" day, 1 h after 11" PTZ injection; animals were
assessed for cognitive performance in Y-maze and elevated plus maze (EPM) and as well in EPM on day 23. The
extract at all doses and sodium valproate significantly (p<0.05) decreased seizure scores across treatment days. In
the EPM, the extract non-significantly decreased transfer latency on day 22 at all doses tested and significantly
(p<0.05) decreased transfer latency at 1000 mg/kg dose on day 23. Sodium valproate only significantly (p<0.05)
decreased transfer latency on day 22. In the Y-maze test, the extract only at 1000 mg/kg and sodium valproate
significantly (p<0.05) increased % spontaneous alternation and no significant increase in the number of arm entry
was observed with the extract. The methanol leaf extract of P. nigrescens possesses antiepileptogenic property and
improved learning and memory hence, may potentially improve epilepsy-related learning and memory impairment.
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process that prevents the development or
progression of epilepsy and sometimes
modify the severity of the disease by

INTRODUCTION

Epilepsy is a chronic neurological disorder

invoked by the excessive abnormal
discharge of brain neurons characterized by
recurrent seizures (Wang et al, 2012).
Epileptogenesis is the development of
epilepsy or its progression. It is usually a
long-term process of converting a previously
normal brain into one capable of generating
spontaneous recurrent seizures following a
brain insult such as head trauma, stroke,
status epilepticus, etc (Williams et al., 2007;
Koepp et al., 2017). Antiepileptogenesis is a

reducing frequency and duration of seizures
(Pitkénen 2010; Kaminski et al., 2014).

Treatment of epilepsy involves the use of
anticonvulsant drugs. These drugs are
effective in appreciable number of patients
with epilepsy but do not control seizures in
about 30 % of people with the disease.
Clinical outcome of  conventional
anticonvulsant drugs used to prevent
epilepsy in post-traumatic brain injury have
not been promising (Temkin 2009; Mani et
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al., 2011; Pitkdnen and Lukasiuk 2011).
Moreover, they are associated with varying
degrees of adverse events of which all
having central nervous system related side
effects due to their mechanism of action

(Schmidt 2009; Loscher and Schmidt 2011).

Patients with epilepsy often suffer from
substantial cognitive impairment and other
psychiatric ~ comorbidities  which  can
significantly increase mortality (Tellez-
Zenteno et al., 2007). Epilepsy-related
cognitive dysfunction such as memory,
attention and information processing
difficulties are sometimes more burdensome
than the seizures and is due to the
underlying aetiology of the disease.
Cognitive impairment in epilepsy is a
consequence of complex interactions among
the etiologies of the disease, seizures and
antiepileptic drugs (Raspall-Chaure et al.,
2008). During inter-ictal state, glutamatergic
overactivation mediates excitotoxicity which
may result to memory deficit, while
exhaustion of glutamatergic input during the
ictal phase leads to progressive memory
impairment (Choudhary et al, 2013).
Furthermore, seizures directly injure neural
networks that are the normal substrate for
cognitive function (Kanner, 2008; LaFrance
et al., 2008).

Temporal lobe is mostly implicated in focal
epilepsy and plays a critical role in speech,
learning, memory and affective behaviour.
Thus, structural damage within the lobe
would disrupt these functions (Vrinda et al.,
2019). Also anticonvulsant drugs impact
negatively on cognitive function (Holmes
2015). For example, drugs that potentiate
GABAergic or Dblock  glutamatergic
transmissions are anticonvulsant candidates.
These mechanisms potentially lead to
cognitive impairment; as glutamatergic
transmission  and  dis-inhibition  of
GABAergic system increases cognitive
function (Loscher et al, 2013). Thus,

antiepileptic drug discovery may focus on
mechanisms that suppress seizures and
reduce comorbidities (Rogawski and
Loscher 2004) or targeting a single
mechanism which is involved in seizure
generation and comorbidities (Loscher et al.,
2013). Antiepileptogenic therapies may not
only modify seizure properties or cure
epilepsy but may prevent or ameliorate
epilepsy-related  psychiatric  disorders
(Schmidt et al., 2014).

The use of medicinal plants in the treatment
of epilepsy is centuries-old practice among
different cultures (Sirven et al., 2003).
Herbal medications are commonly used to
control epileptic seizures when antiepileptic
drugs fail most especially among the low-
income earners (Schachter 2009; Liu et al.,
2017) Parquetina nigrescens is a perennial
plant which grows in secondary forest and
around villages in Nigeria as well as in
Senegal (Oluwafemi and Debiri, 2008). The
plant is used ethnomedicinally to treat
epilepsy, memory loss etc among the
Yoruba tribe of Nigeria (Wahab 2015;
Elufioye 2012). The methanol stem extract
was found to improve cognitive function
(Mahmud et al, 2019; Mahmud et al.,
2020). This study therefore aimed at
investigating the antiepileptogenic and
cognitive effect of methanol leaf extract of
P. nigrescens in pentylenetetrazole kindled
mice.

MATERIALS AND METHODS

Drugs and Chemicals

Methanol (Sigma Aldrich, Germany),
pentylenetetrazole (Sigma Aldrich,
Germany), Sodium valproate (Sanofi
Synthelabo, USA), distilled water (Juhel
Pharmaceuticals, Nigeria)

Experimental Animals
Fifty (50) male Swiss Albino mice of body
weight 18-22 g were obtained from the
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Animal House Facility of the Department of
Pharmacology and Therapeutics, Ahmadu
Bello University, Zaria, Nigeria. The
animals were kept in a well-ventilated room
in the Animal House, fed on standard
laboratory animal feeds and water ad
libitum.

The experimental protocol was approved by
Ahmadu Bello University Committee on
Animal Use and Care with an Approval NO:
ABUCAUC/2022/009 and all experiments
were performed in accordance with the
National Research Council Committee for
the Update of the Guide for the Care and
Use of Laboratory Animals (1986). The
experiment was carried out between 8:00 -
18:00 hours of the day. At the end of the
experiment, animals were returned to the
Animal House Facility of the Department of
Pharmacology and Therapeutics for proper
disposal by humane killing.

Plant Collection and Identification

The leaves, stems and roots of plant were
collected in the month of June, 2016 in the
bush within Samaru, Zaria Sabo Geri Local
Government Area, Kaduna State, Nigeria.
The freshly harvested plant material was
identified by Mallam Umar Gallah of the
National Institute for Chemical Research
Technology (NARICT) Zaria, Kaduna State.
A voucher specimen was prepared (voucher
number: 01624) and deposited in the
herbarium unit of NARICT.

Extract Preparation

The leaves were collected, washed and air-
dried under shade for 3 weeks. The dried
leaves were crushed into coarse powder with
the aid of a pestle and mortal. Two-hundred
gram (200 g) of the powdered leaf material
was extracted with 1.5 L of 70 % methanol
for 7 days with occasional shaking using
cold maceration. The extract was collected
in a round bottom flask where it was
decanted into an evaporating dish through a

filter paper. This was concentrated using a
rotary evaporator and then further dried over
a water bath at a temperature of 40 °C to
obtain a  dark-green solid residue
subsequently referred to as methanol leaf
extract of P. nigrescens (MPN) and then
stored in a desiccator until required for use.

Phytochemical Screening

The preliminary phytochemical screening of
the extract was carried out according to the
methods described by Trease and Evans
(2002).

Acute Toxicity Study

The oral median lethal dose (LDso) was
estimated according to the Organization for
Economic Cooperation and Development
(OECD) 425 guideline for limit test (OECD
2008). Briefly, 5 mice were used for the test.
A mouse was fasted for 3 h and
administered 5000 mg/kg extract orally and
then observed for sign of toxicity and death
for 48 hours with special attention within the
first 4 h after dosing. Food was further with-
held for 2 h. The same procedure was
repeated for another mouse when death did
not occur. Finally, the remaining 3 mice
were administered 5000 mg/kg extract and
observed for 2 weeks for death.

Antiepileptogenic and Cognitive Studies

Experimental design

A total of fifty mice were randomly divided
into five (5) groups of 10 mice each. Group
1 (negative control) and 2 (positive) were
pre-treated with 10 mL/kg distilled water
and 200 mg/kg sodium valproate per oral
respectively. Group 3, 4 and 5 received 250,
500 and 1000 mg/kg of the extract per oral
respectively. All the mice were pretreated
daily for 22 days. Immediately after seizure
observations on day 22, mice were assessed
for behavioural cognitive performance in Y-
maze and elevated plus maze tests.
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Pentylenetetrazole-induced kindling

The method of Piredda et al, (1986) was
employed.  Thirty minutes  post-drug
treatment, PTZ (35 mg/kg) was administered
intraperitoneally to all the mice every 48
hours and observed for 30 minutes for
seizure activity which was scored using
Racine's scale described as follows: Stage 0:
No response; Stage 1: Ear and facial
twitching; Stage 2: Myoclonic body jerks
without  upright position; Stage 3:
Myoclonic jerks, upright position with
clonic forelimb convulsions; Stage 4:
Tonic-clonic seizures; Stage 5: Generalized
tonic-clonic seizures, loss of postural control
(Racine, 1972).

Y-Maze test

The method described for cognitive
assessment and locomotor activity by
Hodges (1996); D’Mello and Steckler,
(1996); Kraeuter and Guest (2019) were
adopted with slight modification. Briefly,
the Y-maze apparatus consisted of three
identical arms of 15 x 15 x 10 cm with the
connector (10 x 6 x 10 cm) radiating from
the center. Mice were placed at the end of
one of the arms (starting arm) with their
head pointing away from the center of the
maze, and allowed to explore for 3 min
(pretesting) with one of the arms closed.
Entry into any of the arms was considered
complete when the hind paws of mice
entirely entered the arm. Four hours later,
the same procedure was repeated and mice
were allowed to explore for 5 min (testing)
(D’Mello and Steckler 1996; Hodges 1996).
The number of spontaneous alternation and
arm entries were taken. Spontaneous
alternation behavior defined as three
consecutive entries in three different arms
(i.e. A,B,CorB,C, A, etc.).

The percentage alternation score was
calculated using the following formula:
(Total alternation number/Total number of
entries - 2) x 100

% alternation and arm entries were taken as
indices of working memory and locomotive
activity respectively.

Elevated plus maze test

The procedure for testing learning and
memory were followed as described by Itoh
et al. (1991) and Dhingra et al. (2004). The
elevated plus maze for mice consisted of
two open arms (l6cm X 5cm) and two
covered arms (l6ecm X Scm X 15cm)
extended from a central platform (5cm x
5cm) and the maze elevated to a height of
50 cm from the floor. Mice were placed at
the end of an open arm, facing away from
the central platform and transfer latency
(TL1) on day 22 was taken for learning.
Transfer latency is the time taken for the
animal to move from the open arm into one
of the closed arms with all its four legs.
Animals that failed to enter into the closed
arm within 60 sec, were gently pushed in
and TL assigned 60 sec. Mice were allowed
to explore the maze for another 20 sec and
then returned to home cage. Twenty-four
hours later, day 23 transfer latency (TL2)
was also taken to assess retention of the
learned-task (memory). The maze was
cleaned with 70 % alcohol to avoid olfactory
cues after each trial.

Statistical Analysis

Statistical analysis was carried out using
Statistical Package for Social Sciences
(SPSS) version 20. Nonparametric data were
presented as median and analyzed using
Kruskal Wallis test followed by Dunn’s post
hoc test. Parametric data were presented as
mean + standard error of mean (SEM) and
analyzed using One-way ANOVA followed
by Dunnett’s post hoc test for multiple
comparison. P-value < 0.05 was considered
statistically significant.
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RESULTS

Phytochemical constituents

The methanol leaf extract of P. nigrescens
contain carbohydrate, flavonoids, saponins,
alkaloids, phenolics, steroids/triterpenes.

Acute toxicity
The oral median lethal dose of the extract
was found to be > 5000 mg/kg.

Effect of Methanol Leaf Extract of
Parquetina nigrescens on Seizure Scores
of Pentylenetetrazole-kindled Mice

The PTZ group progressively increased
seizure score throughout the administration.
The extract at all doses tested and sodium
valproate significantly (p<0.05) decreased
seizure score compared to the negative
control (PTZ+DW) group. The extract
decreased seizure score at dose of 250
mg/kg all through administration except on
day 5 and 7 (figure 1).
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Figure 1: Effect of Methanol Leaf Extract of Parquetina nigrescens on Seizure Scores of

Pentylenetetrazole-kindled Mice

Values are presented as median scores, analyzed using Kruskal Wallis, followed by Dunn’s post hoc test for

multiple comparison, ap<0.05; as compared to PTZ+D/W control group; n=10; D/W = Distilled Water; PTZ=
Pentylenetetrazole; SV = Sodium valproate; MPN = Methanol Extract of Parquetina nigrescens

Effect of Methanol Leaf Extract of Parquetina nigrescens on Transfer Latency in Elevated
Plus Maze Following Pentylenetetrazole-induced Kindling in Mice

The extract at all doses non-significantly
decreased transfer latency on days 22 and
23, at 1000 mg/kg dose, it significantly
(»p<0.05) decreased the transfer latency
compared with the negative control. Sodium

valproate significantly (p<0.05) decreased
the TL on day 22 and non-significantly on
day 23 compared with the negative control
(Figure 2).
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Figure 2: Effect of Methanol Leaf Extract of Parquetina nigrescens on Transfer Latencies
in Elevated Plus Maze Following Pentylenetetrazole-induced Kindling in Mice

Values are Mean + S.E.M., analyzed using One-way ANOVA, followed by Dunnette post hoc test, *p<0.05 as
compared to PTZ+DW group, n=6, D/W = Distilled Water; PTZ= Pentylenetetrazole; SV = Sodium valproate; MPN

= Methanol Extract of Parquetina nigrescens

Effect of Methanol Leaf Extract of
Parquetina nigrescens on % Alternation
in Y-Maze Following Pentylenetetrazole-
induced Kindling in Mice

The extract at all doses increased %
spontaneous alternation which was only
significant (p<0.0l) at 1000 mg/kg
compared to the PTZ+DW group. Sodium
valproate significantly (p<0.05) increased %
spontaneous alternation compared to the
PTZ+DW group. (Figure 3).

Effect of Methanol Leaf Extract of
Parquetina nigrescens on Number of
ArmEntryinY-Maze Following
Pentylenetetrazole- induced Kindling in
Mice

The extract at all doses tested did not
significantly alter the number of arm entry
compared to the PTZ+DW group. Sodium
valproate significantly (p<0.05) increased
the number of arm entry compared with the
PTZ+DW group (Figure 4).
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Fig. 3: Effect of Methanol Leaf Extract of Parquetina nigrescens on % Alternation in Y-
Maze Following Pentylenetetrazole- induced Kindling in Mice

Values are Mean = S.E.M., analyzed using One-way ANOVA followed by Dunnett post hoc test, *p<0.05,
**p<0.01 as compared to PTZ+DW group n=6, D/W = Distilled Water; SV = Sodium valproate; PTZ =
Pentylenetetrazole; MPN = Methanol Extract of Parquetina nigrescens
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Figure 4: Effect of Methanol Leaf Extract of Parquetina Nigrescens on Arm Entries in Y-
Maze Following Pentylenetetrazole- induced Kindling in Mice

Values are Mean + S.E.M., analyzed using One-way ANOVA followed by Dunnett post hoc test, *p<0.05,

**¥p<0.0] as compared to PTZ+DW group, n=6, D/W = Distilled Water; SV = Sodium valproate; PTZ =
Pentylenetetrazole; MPN = Methanol Extract of Parquetina nigrescens
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DISCUSSION

Early antiepileptic drug discovery focused
on seizure suppression (Temkin et al,
2001). These drugs do not delay the onset or
prevent the occurrence of epilepsy and are
often associated with varying degrees of
central nervous system-related side effects
that can worsen cognitive function (Schmidt
2009; Loscher and Schmidt 2011). Epilepsy
on the other hand 1is associated with
substantial cognitive impairment and other
psychiatriccomorbiditieswhich significantly
increase morbidity and mortality (Tellez-
Zenteno et al., 2007). Therefore,
antiepileptic drug search that do not only
focus on seizures suppression but also
reduce cognitive impairment in epilepsy
may significantly reduce the burden of the
disease. Antiepileptogenic therapies may not
only modify seizure properties or cure
epilepsy but may prevent or ameliorate
epilepsy-related  psychiatric disorders
(Schmidt et al., 2014).

In the PTZ- induced kindling, the extract
possesses antiepileptogenic activity by being
able to decrease seizure scores. PTZ-
mediated chemical kindling is a common
reproducible and inexpensive method to
produce an animal model of epilepsy
(Shimada and Yamagata 2018). PTZ is a
gamma aminobutyric acid (GABAAa)
receptor antagonist that suppresses the
function of inhibitory synapses in the central
nervous system, leading to increased
neuronal activity. This regulation causes
generalized seizures in animals (Squiresl et
al., 1984; DelLaney 2018). Chronic
administration of PTZ induces kindling
phenomena through suppression of GABAAa,
benzodiazepine receptors and GABAa-
stimulated CI influx through the membrane
of cortical neurons (Rocha et al., 1996;
Rocha et al., 1996). Seizures do not develop
while these mechanisms are actively
functioning. Aside the dis-inhibitory effect

of PTZ on GABAergic transmission, it
causes up-regulation of alpha-amino-3-
hydroxy-5-methylisoxazole-4-propionic acid
(AMPA) binding as well as gradual and
long-lasting increase in N-methyl D-
aspartate  (NMDA) receptor binding by
glutamate in the dentate gyrus and CA3
area of the hippocampus which are
important mechanism of epilepsy induction
in PTZ- kindling model (Ekonomou et al.,
2001; Schiinzel et al., 1992). Therefore, the
ability of methanol leaf extract of P.
nigrescens to reduced seizure scores in the
PTZ kindling model may possibly be
mediated through potentiation of
GABAergic inhibitory transmission or
blockade of glutamatergic transmission in
the brain probably at the dentate and CA3
regions of the hippocampus.

Experimental and clinical evidences suggest
cognitive dysfunction in epilepsy (Genkova-
Papazova and Lazarova-Bakarova 1995). In
PTZ-induced memory deficit, generation of
free radicals and the subsequent neuronal
damage may play a crucial role (Kumar et
al., 2013). In the elevated plus maze; sodium
valproate improved learning and memory by
being able to decrease transfer latencies on
day 22 and 23 possibly due to antagonistic
effect on the mechanism(s) of PTZ kindling-
induced cognitive impairment. The extract
improved epilepsy-related learning and
memory deficit by reducing transfer
latencies on day 22 and 23 respectively.
Elevated plus maze is a model commonly
used to evaluate effect of test compound on
learning and memory (Itoh et al., 1991). In
the Y maze, the extract and sodium
valproate improve acquisition and retention
memory by increasing % spontaneous
alternation which implies its potential
improvement in epilepsy-related spatial
learning and memory impairment (Kaure et
al., 2013). PTZ induces neuronal loss and
glial activation in specific brain regions such
as hippocampus implicated in spatial
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learning and memory (Kaur et al., 2013). Y-
maze is commonly employed for testing
compounds that improve spatial learning
and memory which are hippocampal
dependent. Working memory is the ability to
remember and process information at the
same time (Davelaar 1998). Working
memory, assessed by Y-maze, is a form of
short-term memory considered to be a core
cognitive process that underpins a range of
behaviors, from perception to problem
solving and action control; and is closely
related to measures of intelligence ( Sarnyai
et al, 2000; Ma et al, 2014). The
improvement in cognitive function of the
extract maybe due to its ability to suppress
seizure severity which would otherwise
damage neural network responsible for
learning and memory. Arm entries and
transfer latencies are strongly influenced by
locomotor behavior which may result from
local events within the muscle itself (Yarube
et al., 2016). Therefore, compounds that
have a stimulating or sedating effect may
significantly ~ affect  these  cognitive
parameters consequently giving false
positive or negative result respectively. The
inability of the extract to increase number of
arm entry implies a true reflection of the
extract in improving learning and memory
deficit in PTZ-kindled mice.

In the preliminary study, the oral median
LDso was estimated to be > 5000 mg/kg
which suggests that the extract is relatively
non-toxic (Matsumura et al, 1985).
However, the doses used for the study were
lower than 30 % of the LD50 which have
been shown to be relatively safe for
ethnopharmacological research (Vongtau et
al., 2004). Preliminary phytochemical
screening revealed the presence of
carbohydrate, saponins, flavonoids, cardiac
glycoside, phenolics, and triterpenes which
may be responsible for the observed
pharmacological effects. Triterpenes and
steroids, among other phytochemicals have

been reported to possess anticonvulsant
activity (Barua et al., 2013). Flavonoids,
carbohydrates are known to increased
cognitive functions (Balkrishna et al., 2020).
Flavonoids have been reported to inhibit
voltage gated Na'channels and activate
inhibitory GABAergic receptors.
Antioxidant effects of flavonoids lead to
increased seizure threshold; inhibition of
NMDA receptor and ameliorating epilepsy
related psychiatry disorder (Singh et al,
2014).

CONCLUSIONS

The methanol leaf extract of Parquetina
nigrescens  possesses  antiepileptogenic
potentials and reversed epilepsy-related
learning and memory impairment. The
findings of the study further lent
pharmacological credence for  the
ethnomedicinal use of the plant in the
treatment of epilepsy.

Conflict of interests
The authors declare no conflict of interests.

Acknowledgements

The authors are grateful to the Technologists
of the Department of Pharmacology &
Therapeutics, Faculty of Pharmaceutical
Sciences Ahmadu Bello University, Zaria,
Kaduna State, Nigeria.

References

Balkrishna A, Pallavi T, Anurag V (2020)
Phytochemical Profile, Pharmacological Attributes
and Medicinal Properties of Convolvulus Prostratus —
A Cognitive Enhancer Herb for the Management of
Neurodegenerative Etiologies. Front. Pharmacol. 11:
1-12. https://doi.org/10.3389/fphar.2020.00171.

Barua S, Rana SM, Billah MM, Naim Z & Sarwar G
(2013).  Pharmacological, phytochemical and
physicochemical properties of methanol extracts of
Erioglossum rubiginosum barks. Journal of Health
Sciences, 3(11), 051-062.

Choudhary KM, Mishra A, Poroikov VV, Goel R K
(2013) Ameliorative effect of Curcumin on seizure

29



Mahmud et al., Nig. Journ. Pharm. Sci., September 2024, Vol. 23 No.2, 21-32

severity, depression like behavior, learning and
memory deficit in post-pentylenetetrazole-kindled
mice. European Journal of Pharmacology, 704(1-3),
33-40. https://doi.org/10.1016/j.ejphar.2013.02.012

D’Mello GD, Thomas S. (1996) Animal Models in
Cognitive Behavioural Pharmacology: An Overview.
Cogn. Brain Res. 3 (3-4): 345-52.
https://doi.org/10.1016/0926-6410(96)00027-4.

Davelaar EJ (1998) An Analysis of the Working
Memory Capacity Paradox. 85-90. available at:
https://escholarship.org

DeLaney MC (2018) Risks Associated with the Use
of Fluoroquinolones. Br. J. Hosp. Med. 79 (10): 552—
55. https://doi.org/10.12968/hmed.2018.79.10.552.

Dhingra D, Parle M, Kulkarni SK (2004) Memory
Enhancing Activity of Glycyrrhiza Glabra in Mice. J.
Ethnopharmacol. 91 (2-3): 361-65.
https://doi.org/10.1016/j.jep.2004.01.016.

Ekonomou A, Adam LS, Fevronia A (2001) Changes
in AMPA Receptor Binding and Subunit Messenger
RNA Expression in Hippocampus and Cortex in the
Pentylenetetrazole-Induced ‘Kindling” Model of
Epilepsy. Mol. Brain Res. 95 (1-2): 27-35.
https://doi.org/10.1016/S0169-328X(01)00230-3.

Elufioye T (2012) Ethnomedicinal Study and
Screening of Plants Used for Memory Enhancement
and Antiaging in Sagamu, Nigeria. European J. Med.
Plant 2 3): 262-175.
https://doi.org/10.9734/ejmp/2012/1372.

Genkova-Papazova MG, Maria BL (1995)
Pentylenetetrazole Kindling Impairs Long-Term
Memory in Rats. Eur. Neuropsychopharmacol. 5 (1):
53-56. https://doi.org/10.1016/0924-977X(94)00134-
W.

Gregory LH (2015) Cognitive Impairment in
Epilepsy: The Role of Network Abnormalities.
Epileptic Disord. 176 (12): 139-48.
https://doi.org/10.1684/epd.2015.0739.Cognitive.

Hodges H (1996) Maze Procedures: The Radial-Arm
and Water Maze Compared. Cogn.Brain Res. 3 (3—
4): 167-81. https://doi.org/10.1016/0926-
6410(96)00004-3.

Institute of Laboratory Animal Resources (US).
Committee on Care, Use of Laboratory Animals.
Guide for the care and use of laboratory animals. US
Department of Health and Human Services, Public
Health Service, National Institutes of Health; 1986.

Itoh J, Toshitaka N, Tsutomu K (1991) Utility of an
Elevated Plus-Maze for Dissociation of Amnesic and
Behavioral Effects of Drugs in Mice. Eur. J.
Pharmacol. 194 (1): 71-76.
https://doi.org/10.1016/0014-2999(91)90125-A.

Kaminski RM, Michael AR, Henrik K (2014) The
Potential of Antiseizure Drugs and Agents That Act
on Novel Molecular Targets as Antiepileptogenic
Treatments. Neurother.11 2): 385-400.
https://doi.org/10.1007/s13311-014-0266-1.

Kaur S, Ritika C, Bimla N (2013) Ginkgo Biloba
Extract Attenuates Hippocampal Neuronal Loss and
Cognitive Dysfunction Resulting from Trimethyltin
in  Mice.  Phytomed. 20 (2): 178-86.
https://doi.org/10.1016/j.phymed.2012.10.003.

Koepp MJ, Eric A, Jens PB, Stefanie D, Alon F,
Heidrun P, Teresa R, William HT, Tallie ZB (2017)
Neuroinflammation Imaging Markers for
Epileptogenesis.Epilepsia 58: 11-19.
https://doi.org/10.1111/epi.13778.

Kraeuter AK, Guest PC, & Sarnyai Z (2019) The Y-
maze for assessment of spatial working and reference
memory in mice. Pre-clinical models: Techniques
and protocols, 105-111.

Kumar A, Sree L, Jitendriya M (2013) Possible Nitric
Oxide Mechanism in the Protective Effect of
Hesperidin against Pentylenetetrazole (PTZ)-Induced
Kindling and Associated Cognitive Dysfunction in
Mice.  Epilepsy  Behav. 29 (1): 103-11.
https://doi.org/10.1016/j.yebeh.2013.06.007.

Kanner AM (2008) Psychiatric comorbidity in
children with epilepsy... or is it: epilepsy
comorbidity in  children = with  psychiatric
disorders?. Epilepsy currents, 8(1), 10-12.

LaFrance WC, Kanner AM, Hermann B (2008)
Psychiatric Comorbidities in Epilepsy. International
Review  of  Neurobiology, 83(08), 347-383.
https://doi.org/10.1016/S0074-7742(08)00020-2

Liu W, Tongtong G, Zhenxiang P, Yashu L, Jiayin L,
Bingjin L (2017) Oncotarget 48385
Www.Impactjournals.Com/Oncotarget The Effects of
Herbal Medicine on Epilepsy.” Oncotarget 8 (29):
48385-97. www.impactjournals.com/oncotarget/.

Loscher W, Henrik K, Roy ET, Dieter S (2013) New
Avenues for Anti-Epileptic Drug Discovery and
Development.Nat. Rev. Drug Discov. 12 (10): 757-
76. https://doi.org/10.1038/nrd4126.

30



Mahmud et al., Nig. Journ. Pharm. Sci., September 2024, Vol. 23 No.2, 21-32

Loscher W, Schmidt D (2011) Modern Antiepileptic
Drug Development Has Failed to Deliver: Ways out
of the Current Dilemma. Epilepsia 52 (4): 657-78.
https://doi.org/10.1111/.1528-1167.2011.03024 .x.

Ma WIJ, Masud H, Paul MB (2014) Changing
Concepts of Working Memory. Nat. Neurosci. 17 (3):
347-56. https://doi.org/10.1038/nn.3655.

Mahmud B, Shehu A, Magaji MG (2020)
Ameliorative Effect of Methanol Stem Extract of
Parquetina  Nigrescens  (Afzel) Bullock on
Scopolamine-Induced Sub-Chronic Cognitive Deficit
in Mice. JBCPP. 31 3): 1-9.
https://doi.org/10.1515/jbcpp-2019-0201.

Mahmud B, Shehu A, Sani MY, Magaji MG (2019)
Methanol Stem Extract of Parquetina nigrescens
(Asclepiadaceae) Possesses Memory-Enhancing
Potential in Acute Mice Models of Cognition. JHD. 9
(2): 197-205.

Mani R, Pollard J, Dichter MA (2011) Human
Clinical Trails in Antiepileptogenesis. Neurosci. Lett.
497 (3): 251-56.
https://doi.org/10.1016/j.neulet.2011.03.010.

OECD 425 (2008). Acute oral toxicity: Up and down
procedure  Guideline for the Testing of
Chemicals, 425, OECD (2008), pp. 1-2

Oluwafemi F, Debiri F (2008) Antimicrobial Effect
of Phyllanthus Amarus and Parquetina Nigrescens on
Salmonella Typhi. Afr. J. Biomed. Res. 11 (2): 215—
19. https://doi.org/10.4314/ajbr.v11i2.50712.

Piredda S, Yonekawa W, Whittingham TS,
Kupferberg HJ (1986) Enhanced Bursting Activity in
the CA3 Region of the Mouse Hippocampal Slice
without Long-Term Potentiation in the Dentate Gyrus
after Systemic Pentylenetetrazole Kindling. Exp.
Neurol. 94 (3): 659-69. https://doi.org/10.1016/0014-
4886(86)90245-1.

Pitkdinen A (2010) Therapeutic Approaches to
Epileptogenesis - Hope on the Horizon. Epilepsia 51
(SUPPL. 3): 2-17. https://doi.org/10.1111/j.1528-
1167.2010.02602.x.

Pitkdnen A, Lukasiuk K (2011) Mechanisms of
Epileptogenesis and Potential Treatment Targets.
Lancet Neurol. 10 (2): 173-86.
https://doi.org/10.1016/S1474-4422(10)70310-0.

Racine RJ (1972) Modification of Seizure Activity by
Electrical ~ Modification  of  After-Discharge.
Electroencephalogr. Clin. Neurophysiol. 32: 281-94.

Rocha L, Ackermann RF, Engel J (1996) Chronic
and Single Administration of Pentylenetetrazol
Modifies Benzodiazepine Receptor-Binding: An
Autoradiographic Study. Epilepsy Res. 24 (2): 65-72.
https://doi.org/10.1016/0920-1211(95)00104-2.

Rocha L, Briones M, Ackermann RF, Anton B,
Maidment NT, Evans CJ, Engel J (1996)
Pentylenetetrazol-Induced Kindling: Early
Involvement of Excitatory and Inhibitory Systems.
Epilepsy Res. 26 (1): 105-13.
https://doi.org/10.1016/S0920-1211(96)00046-0.

Rogawski MA, Loscher W (2004). The Neurobiology
of Antiepileptic Drugs for the Treatment of
Nonepileptic Conditions. Nat. Med. 10 (7): 685-92.
https://doi.org/10.1038/nm1074.

Sarnyai Z, Etienne LS, Constantine P, Robert JF,
Bruce SM, Miklés T (2000) Impaired Hippocampal-
Dependent Learning and Functional Abnormalities in
the Hippocampus in Mice Lacking SerotoninlA
Receptors. Proc. Natl. Acad. Sci. U. S. A. 97 (26):
14731-36. https://doi.org/10.1073/pnas.97.26.14731.

Schachter SC (2009) Botanicals and Herbs: A
Traditional Approach to Treating Epilepsy.”
Neurother. 6 (2): 415-20.
https://doi.org/10.1016/j.nurt.2008.12.004.

Schmidt D (2009) Drug Treatment of Epilepsy:
Options and Limitations. Epilepsy Behav. 15 (1): 56—
65. https://doi.org/10.1016/j.yebeh.2009.02.030.

Schmidt D, Daniel F Marc AD (2014) Anti-
Epileptogenic Clinical Trial Designs in Epilepsy:
Issues and Options. Neurother. 11 (2): 401-11.
https://doi.org/10.1007/s13311-013-0252-z.

Schiinzel G, Wolf G, Pomrenke U, Pomrenke C,
Schmidt W (1992) Pentylenetetrazol Kindling and
Factors of Glutamate Transmitter Metabolism in Rat
Hippocampus.  Neurosci. 49  (2):  365-71.
https://doi.org/10.1016/0306-4522(92)90102-8.

Shimada T, Kanato Y (2018) Pentylenetetrazole-
Induced Kindling Mouse Model. J. Vis. Exp. (136):
1-10. https://doi.org/10.3791/56573.

Singh P, Singh D, Kumar RG (2014)
Phytoflavonoids: Antiepileptics for the Future. /nt. J.
Pharm. Pharm. Sci. 6 (8): 51-66.

Sirven JI, Drazkowski JF, Zimmerman RS, Bortz JJ,
Shulman DL, Macleish M (2003) Clinical / Scientific
Notes Complementary / Alternative Medicine For.
Neurol. 576-77.

31



Mahmud et al., Nig. Journ. Pharm. Sci., September 2024, Vol. 23 No.2, 21-32

Squires RF, Saederup E, Crawley JN, Skolnick P, &
Paul SM (1984) Convulsant potencies of tetrazoles
are  highly  correlated  with  actions on
GABA/benzodiazepine/picrotoxin receptor
complexes in brain. Life sciences, 35(14), 1439-1444.

Tellez-Zenteno JF, Scott BP, Nathalie J, Jeanne W,
Samuel W (2007) Psychiatric Comorbidity in
Epilepsy: A Population-Based Analysis. Epilepsia 48
(12): 2336-44. https://doi.org/10.1111/j.1528-
1167.2007.01222.x.

Temkin NR (2009) Preventing and Treating
Posttraumatic Seizures: The Human Experience.
Epilepsia 50 (SUPPL. 2): 10-13.
https://doi.org/10.1111/.1528-1167.2008.02005.x.

Temkin NR, Abel DJ, Anderson GD (2001)
Antiepileptogenic Agents: How Close Are We?
Drugs 61 (8): 1045-55.
https://doi.org/10.2165/00003495-200161080-00002.

Vongtau HO, Abbah J, Mosugu O, Chindo BA,
Ngazal IE, Salawu AO, ... & Gamaniel KS. (2004)
Antinociceptive profile of the methanolic extract of
Neorautanenia mitis root in rats and mice. Journal of
ethnopharmacology, 92(2-3), 317-324.

Vrinda M, Arun S, Srikumar BN, Kutty BM,
Shankaranarayana Rao BS (2019) Temporal lobe

epilepsy-induced neurodegeneration and cognitive
deficits: Implications for aging. Journal of Chemical
Neuroanatomy, 95, 146-153.
https://doi.org/10.1016/j.jchemneu.2018.02.005

Wahab OM (2015) Ethnomedicinal Antiepileptic
Plants Used in Parts of Oyo and Osun States, Nigeria.
BRI 8 (4): 77-81.
https://doi.org/10.5829/idosi.bri.2015.8.4.12823.

Wang C Wu H, He F (2012) Alleviation of Ferric
Chloride-Induced Seizures and Retarded Behaviour
in Epileptic Rats by Cortical Electrical Stimulation.
Treatment, 266-81.
https://doi.org/10.1177/147323001204000127.

Williams PA, Hellier JL, White AM, Staley KJ,
Dudek FE (2007) Development of Spontaneous
Seizures after Experimental Status Epilepticus:
Implications for Understanding Epileptogenesis.
Epilepsia. https://doi.org/10.1111/j.1528-
1167.2007.01304.x.

Yarube IU, Ayo JO, Magaji RA, Umar IA, Yusuf
NW, Alhassan AW, Saleh MIA (2016) Outcome of
Sub-Acute Insulin Administration on Long-Term
Visuo-Spatial and Short-Term Working Memory in
Mice. J. Afi. Assoss. Physiol. Sci. 4 (1): 41-47.

32



