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Parkia biglobosa (Jacq.) R. Br. (Fabaceae) is a widely distributed tree, used in traditional medicine to treat amebiasis, hookworm infection, ascariasis, asthma, sterility, dental pain, headaches, cardiac disorders, and epilepsy. To date, no study on the effect of an aqueous extract of P. biglobosa on epileptogenesis and associated neuropsychiatric disorders has been undertaken. Therefore, this study aimed to investigate antiepileptogenic-, antiamnesic-, and anxiolytic-like effects of an aqueous extract of P. biglobosa using pentylenetetrazole (PTZ)-induced kindling in mice. Animals were divided into six groups of eight mice each. Thus, a PTZ group received distilled water (10 ml/kg, per os), a positive control group received sodium valproate (300 mg/kg, p.o.), and three test groups received the aqueous extract of P. biglobosa (80, 160, and 320 mg/kg, p.o.).In addition, a control group of eight mice receiving distilled water (10 ml/kg, p.o.) was formed. The treatments were administered to mice, 60 min before administration of PTZ (20 mg/kg, i.p.). These co-administrations were performed once daily, for 22 days. The number and duration of seizures (stages 1, 2, 3, and 4 of seizures) exhibited by each mouse were assessed for 30 min during the treatment period. Twenty-four hours following the last administration of the treatments and PTZ, novel object recognition and T-maze tests were performed to assess working memory impairment in mice, while the open field test was performed to assess anxiety-like behavior. After these tests, the animals were sacrificed, and the hippocampi were collected for biochemical and histological analysis. During the period of PTZ-kindling, the extract at all doses completely (p < 0.001) protected all mice against stages 3 and 4 of seizures when compared to sodium valproate, a standard antiepileptic drug. The extract also significantly (p < 0.001) attenuated working memory impairment and anxiety-like behavior. In post-mortem brain analyses, the extract significantly (p < 0.001) increased γ-aminobutyric acid (GABA) level and reduced oxidative stress and inflammation. Histological analysis showed that the aqueous extract attenuated neuronal degeneration/necrosis in the hippocampus. These results suggest that the extract is endowed with antiepileptogenic-, anti-amnesic-, and anxiolytic-like effects. These effects seem to be mediated in part by GABAergic, antioxidant, and anti-inflammatory mechanisms. These results suggest the merit of further studies to isolate the bioactive molecules responsible for these potentially therapeutically relevant effects of the extract.
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1 INTRODUCTION
Temporal lobe epilepsy (TLE) is a common and drug-resistant form of epilepsy in adults (Kandeda et al., 2022a). It is characterized by recurrent seizures that originate from a group of neurons and can spread to different parts of the brain (Kandeda et al., 2021a; Kandeda et al., 2022ab). TLE can be idiopathic, or it can result from brain damage caused by other pathologies (Nayak and Bandyopadhyay, 2022). Symptomatic TLE typically develops in three phases: 1) initial brain damage; 2) a latency phase, termed epileptogenesis, or silent period; and 3) the appearance of spontaneous seizures which become drug-resistant over time (Dhir, 2012; Kandeda et al., 2021a). Epileptogenesis is a pathogenic process in which modifications occur in the brain after a precipitating injury (prolonged febrile seizure, traumatic brain injury, intracerebral hemorrhage, stroke, status epilepticus, or infection) that leads to spontaneous recurrent seizures (Dhir, 2012; Kandeda et al., 2021a). These seizures result from a cascade of post-injury changes in the structure and function of neurons that are then physiological and morphological substrates of seizure activity (Dhir, 2012; Kandeda et al., 2021a). Structural changes, infections, genetic mechanisms, immune factors, and metabolic activities, alone or in combination, can lead to epileptogenesis and TLE. At the molecular and cellular levels, numerous reports implicate a deficit in GABA neurotransmission, an increase in oxidative stress, and inflammation as factors associated with neuronal loss in the hippocampus during TLE development (Hinton and Johnston, 2018; Kandeda et al., 2022d). Behaviorally, these alterations are particularly associated with cognitive and psychiatric disorders such as anxiety disorders and working memory impairment (Scott et al., 2017; Vinti et al., 2021). TLE is most frequently modeled in rodents to explore the mechanisms of epileptogenesis. Of all chemicals used to study epileptogenesis, chronic administration of subconvulsant doses of pentylenetetrazole (PTZ), an antagonist of γ-aminobutyric acid (GABA) receptor A, is used to closely mimic all of the neuropathological states of epileptogenesis in human (Shimada and Yamagata, 2018; Singh et al., 2021). PTZ kindling is a chronic model of TLE where intermittent and repetitive administration of subconvulsant doses of PTZ (20–40 mg/kg) can lead to progressive seizures severity, culminating in generalized tonic-clonic seizures in rodents (Dhir, 2012; Kandeda et al., 2021a). In Africa, many reports outline the use by traditional healers of medicinal plants with anticonvulsant activities (Auditeau et al., 2019; Suleiman et al., 2022).
A majority of the African population uses only these plant-based remedies to treat epilepsy since they do not have access to the conventional antiepileptic drugs used in modern therapies (Suleiman et al., 2022). These conventional antiepileptic drugs are often associated with cognitive and behavioral toxicities (Chen et al., 2017; Tomson et al., 2019; Beghi and Beghi, 2020), and they are not universally effective. In addition, drug resistance often develops during the use of conventional drugs to treat TLE (Salman et al., 2017). Thus, there is a need to develop new therapeutic agents (Mehla et al., 2017), and medicinal plants provide a lucrative source.
Parkia biglobosa (Jacq.) R. Br. (Fabaceae) is a leguminous tree that grows widely in west Africa and the northern part of Cameroon, and it is commonly called “néré" in the Malinké language of the Ivory Coast (Grønhaug et al., 2008; Burlando et al., 2019). In addition to its use in traditional medicine to treat epilepsy, the stem bark extract of P. biglobosa is also used to treat amebiasis, hookworm infection, ascariasis, asthma, ear complaints sterility, bronchitis, peptic ulcers, dental pain, pneumonia, bilharzia, fever, malaria, leprosy, and cardiac disorders (Grønhaug et al., 2008; Burlando et al., 2019).
Several studies have documented antihypertensive, antidiabetic, anxiolytic, nootropic, and neuroprotective properties of extracts from the plant (Oyedemi et al., 2021; Saleh et al., 2021). All of these properties are likely due to the presence of multiple groups of secondary metabolites in this plant, such as tannins, saponins, alkaloids, flavonoids, anthraquinones, mucilage, and triterpenoids (Kouadio et al., 2000; Komolafe et al., 2014; Bari et al., 2016). These compounds are endowed with antioxidant and anti-inflammatory activities (Kouadio et al., 2000; Komolafe et al., 2014; Bari et al., 2016), and have been proven elsewhere to be effective against anxiety, sedation, psychosis, nociception, and epilepsy (Kouadio et al., 2000; Komolafe et al., 2014; Bari et al., 2016). High-performance liquid chromatography (HPLC) analysis of an aqueous extract of P. biglobosa stem bark revealed six peaks which correspond to the presence of alkaloids, flavonoids, tannins, saponins, phenols, and anthraquinones (Yahaya et al., 2014). In previous studies, an aqueous extract of P. biglobosa stem bark has been shown to possess an anxiolytic-like effect in the elevated zero maze, open field, and elevated plus maze tests (Udobi and Onaolapo, 2012; Yahaya et al., 2014). This extract was also shown to improve the spatial memory of rats in the Y-maze test (Udobi and Onaolapo, 2012; Yahaya et al., 2014). The median oral lethal dose (LD50) of an aqueous extract of the stem bark of P. biglobosa was greater than 5,000 mg/kg body weight in rats, indicating its relative lack of toxicity, which is consistent with its wide use in folk medicine to manage neuropsychiatric disorders (Builders et al., 2019). Literature-based evidence led us to hypothesize that the P. biglobosa extract could be effective against epileptogenesis and associated neuropsychiatric disorders such as amnesia and anxiety. The current study evaluates these effects in the PTZ-induced kindling model of TLE in mice. The involvement of GABA neurotransmission, antioxidant defense, and anti-inflammatory actions during epileptogenesis was also investigated.
2 MATERIALS AND METHODS
2.1 Plant material and extract preparation
The plant material used in this work is the stem bark of P. biglobosa (Fabaceae), collected in Mora (Far North region of Cameroon), on the 28th of January 2019, early in the morning (5 h 30 am–7 h 00 am). The plant was identified by the National Herbarium of Cameroon (HNC) in comparison with a sample kept under reference No 58972/HNC. The plant name was checked with http://www.theplantlist.org/tpl1.1/record/ild-25404. The traditional therapist’s preparation protocol was followed in this study. The harvested barks of P. biglobosa were washed with tap water and dried. They were then pulverized to obtain a fine powder. A decoction of the plant was prepared by placing 60 g of dry powder from the barks of P. biglobosa into a container (2.5 L of distilled water). The mixture was brought to a boil for 30 min on a hotplate at 100 °C. After cooling, the mixture was filtered through Whatman No. 1 paper, then the resulting filtrate was lyophilized (freeze-dried) to avoid fermentation and hydrolysis in the extract. A dried mass of 4.64 g was obtained, i.e. a yield of 7.74%. The therapeutic dose recommended by the traditional healer was 160 mg/kg. This dose was surrounded by 80 mg/kg (dividing the therapeutic dose by 2) and 320 mg/kg (multiplying the therapeutic dose by 2).
2.2 Animals and bioethics
The animals used in this study were adult male mice of the Mus musculus strain, 2–3 months old, weighing between 20 and 30 g. These animals were raised in the animal facilities of the Laboratory of Animal Physiology (University of Yaoundé I, Cameroon). They were kept in cages (30 cm × 30 cm) with three animals per cage, under a natural cycle of 12 h of light/12 h of darkness, in an environment of approximately 25°C. These mice were given free access to drinking water and food. Before the beginning of the experiments, the animals were acclimatized for a week in the laboratory. Animal procedures were carried out following the guidelines of the Institutional Ethics Committee of the Cameroon Ministry of Scientific Research and Technological Innovation (Reg. no. FWA-IRD 0001954, 04/09/2006), which adopted the guidelines of the European Union on Animal Care (C.E.E. Council 86/609). The euthanasia of animals was performed according to the American Veterinary Medical Association (AVMA) guidelines for the euthanasia of animals. All animal studies, including allocation of animals to experimental groups, outcomes, experimental dosages, and statistical methods detailed here were carried out following the ARRIVE guidelines (https://www.nc3rs.org.uk/arriveguidelines/resources/author-checklists). The size of the sample used in the present study was determined based on previous laboratory findings (Bertoglio et al., 2017; Kandeda et al., 2022a; Kandeda et al., 2022b). This size was equally determined by ‘’Power G″ software, and the following formulae was used (Lan et al., 2010): sample size = (Z—score)2 * StdDev*(1—StdDev)/(margin of error) *2. Z: confident level and StdDev: standard deviation.
2.3 Chemicals
Pentylenetetrazole, sodium valproate, ninhydrin, trichloroacetic acid, hydrochloric acid, copper, tartaric acid, bromocresol, xylene, Ellmann’s reagent, thiobarbituric acid, and tris reagent were purchased from Sigma Chemical Lab. (Sigma, St. Louis, MO, United States).
2.4 Experimental design and PTZ-kindling
Kindling is the repetition of chemical or electrical stimulation of the brain, which initially does not induce seizures, but rather lowers the threshold of seizures (Dhir, 2012). It causes progression from simple partial seizures to generalized tonic-clonic seizures (Dhir, 2012).
On the first day of the experiments, the mice were marked, weighed, and divided into six groups of eight animals each as follows: normal group (named control group) only treated with distilled water (10 ml/kg; per os); negative control group (named PTZ group) treated with distilled water (10 ml/kg; p.o.); three test groups (named PB80, PB160, and PB320 groups) treated with the extract of P. biglobosa (80, 160, and 320 mg/kg, respectively, p.o.); and positive control group (named SV group) treated with sodium valproate (300 mg/kg; p.o.). The dose of sodium valproate used in the current study was chosen based on previous laboratory findings and preliminary screening with a median effective dose (ED50) determined (Kandeda et al., 2021a; Kandeda et al., 2022a).
One hour following the administration of the above-mentioned treatments, PTZ (20 mg/kg; i.p.) was injected intraperitoneally to all mice, except those of the control group only treated with distilled water (10 ml/kg; i.p.). These co-administrations (PTZ and different treatments) were repeated once daily, until the development of stage 4 seizures, on day 22. During this period, each animal was individually observed for 30 min, for the occurrence of seizures. Twenty-four hours following the end of the PTZ-kindling procedure, i.e. 23rd day, animals were challenged with PTZ (20 mg/kg; i.p.) to confirm that stage 4 of seizures had been reached in PTZ group animals. The PTZ-kindling model is the best model to appreciate the evolution of the epileptogenesis process in rodents. Therefore, epileptogenesis is completed when animals exhibit either stage 4 or 5 of seizures (Dhir, 2012; Kandeda et al., 2021b). Thus, stage 4 of seizures in two successive trials, during the kindling process, is widely sufficient to obtain complete epileptogenesis (Dhir, 2012; Kandeda et al., 2021b). In the present study, when animals reached stage 5, they immediately died.
The number and duration of eventual seizures were recorded according to Racine scale (Racine, 1972): stage 1 (hyperactivity, twitching, and/or convulsions); stage 2 (head shaking, nodding, and myoclonic convulsions); stage 3 (unilateral convulsions of the forelimbs); stage 4 (recovery with bilateral convulsions of the forelimbs); and stage 5 (generalized tonic-clonic convulsions with loss of the righting reflex).
Twenty-four hours following the last seizure procedure, i.e., on the 24th day, the object recognition test was performed for 3 days. Twenty-four hours later, i.e., on the 27th day, the T-maze task was also performed for 3 days. Finally, the open field test was performed on day 30 for 1 day (Figure 1). During the behavioral assessment which was conducted between 8:00 pm and 12:00 pm, the treatments were continued till the end of the assessment. Then the mice were sacrificed and the hippocampus was removed for biochemical and histological analyses. The experimenters were blind to the treatments, and behavioral assays were videotaped.
[image: Figure 1]FIGURE 1 | Experimental design of the study. AEPB, aqueous extract of Parkia biglobosa; DW, distilled water; SV, sodium valproate; D, day; PTZ, pentylenetetrazole.
2.5 Behavioral assessment
2.5.1 Object recognition task
This test performed on days 24, 25, and 26, aimed to assess the learning and memory of the form and color of an object. This test was performed as previously described by Kandeda et al. (2021c). This test took place in three phases, which correspond to the 3 days of the experiment: phase one corresponds to the habituation phase (day 24). Here, animals are individually allowed to explore the open field in the absence of objects; phase two corresponds to the familiarization phase (day 25), and each animal was allowed to explore, for 5 min, two identical objects (A + A) placed in symmetrical positions; phase three corresponds to the test phase (day 26). Thus, one of the old objects (A) is now replaced by a new object (B), and each animal was observed for 5 min exploration. The exploration time of each object was recorded, and the recognition or discrimination index was calculated as described by Kandeda et al. (2021c).
2.5.2 T-maze task
This test was performed on days 27, 28, and 29. It consisted of a start compartment and two finish lanes, measuring each 30 cm long, 10 cm wide, and 25 cm high. Opaque guillotine doors were located at the exit of the start arm as well as at the entrance to each arrival arm (Djeuzong et al., 2021). A feeder of 7 cm in diameter and 1 cm high containing a food enhancer was placed at the end of each arrival arm. The experiment took place in three phases (corresponding to 3 days) as follows:
- The habituation phase (day 27). This consisted of familiarizing each mouse with the maze for a period of 5 min. A food enhancer was placed in each arrival arm to aid exploration. Thus, the animal was placed at the end of the starting arm. The experimenter opened all the guillotine doors and the animal chose one of the lanes of the arrival arms, indicating its preference. After the 5 min of observation, the mouse was returned to its cage, and the experimental device was cleaned with 70% ethanol to eliminate odors left by the next mouse;
- The acquisition phase (day 28). This consisted of repeating the same experience, but in this case, the discriminated arm was blocked by the guillotine;
- The retention phase (day 29) was similar to the habitation phase, but this time, the preferred arm is known beforehand. During this last phase, the number of entries and the time spent in the different arms (preferred and discriminated) of the maze were recorded and used to calculate percentages.
2.5.3 Open field test
On day 30 of the experiment, the open field test was performed. This test is used to assess the level of locomotor activity, level of exploration, and emotional reactivity in rodents (Seibenhener and Wooten, 2015; Börchers et al., 2022). Therefore, the open field test represents a reliable measure of anxiety-like behavior in drug-treated and genetically manipulated rodents (Seibenhener and Wooten, 2015; Kraeuter et al., 2019). It was carried out following the method of Kandeda et al. (2022a). The open-field device has an area of 40 cm × 40 cm large, and a height of 45 cm. The exploration surface was made up of 16 squares of equal dimensions (5 cm × 5 cm) dividing the interior surface and 1 central square (5 cm × 5 cm). The test involved placing the animal in the center of the device so that it can explore freely. The number of recoveries, the time spent in the center of the arena, and the number of rearings (when the animal was standing on its hind legs on the edges of the experimental device) were recorded for a period of 5 min for each animal. At the end of each observation, the mouse was returned to its cage and the device was cleaned with 70% ethanol.
2.6 Sacrifice and preparation of homogenates
Immediately after the open field test, all animals were sacrificed by cervical dislocation.
The brains were removed, washed in 0.9% NaCl, blotted, weighed, and placed in beakers containing frozen 0.9% NaCl for solidification. After solidification, the organs were dissected-out to extract the hippocampus. The biochemical parameters were only evaluated in the hippocampus because this structure of the brain is mainly involved in seizure generation, i.e., the foci of seizures in the temporal lobe epilepsy (Das et al., 2009; Kandeda et al., 2022c). Some hippocampi (n = 5) were homogenized into a ceramic mortar containing 50 mM Tris-Hcl buffer (pH 7.4) for the preparation of 10% homogenates. The obtained mixture was then centrifuged at 3,000 rpm for 15 min. The supernatant was recovered and used for neurochemical assays. Furthermore, the rest of the hippocampi (n = 3) were fixed in 10% formalin for further histological analyses.
2.7 Biochemical analyses
2.7.1 Determination of γ-aminobutyric acid level
The amount of GABA contained in the hippocampus was evaluated according to the method of Lowe et al. (1958). In a basic medium, the reaction between ninhydrin and GABA gives a purplish red color which absorbs at 530 nm. The reagent was composed of a mixture of 0.2 mL of 0.14 M ninhydrin (solution prepared in bicarbonate buffer) and 0.1 mL of 10% trichloroacetic acid. Then, a 100 µL sample of homogenate was added to the reagent. This mixture was incubated at 60°C in a water bath for 30 min. After cooling, 5 ml of copper (II) tartrate solution (0.012 M) was added and the mixture was stirred at 25°C for 10 min. The resulting color intensity was measured using a spectrophotometer (Yoke Instrument Co. Ltd, Shangai, China). The determination of the level of GABA was made from a calibration curve, obtained by dissolving different masses of GABA (50, 100, 150, 200, 250, 300, 350, and 400 µg) mixed with 0.2 mg of glutamate in 1 mL of 10% trichloroacetic acid (Sutton and Simmonds, 1974).
2.7.2 Determination of γ-aminobutyric acid-transaminase activity
The GABA-T activity was determined by the colorimetric method of Nayak and Chatterjee (2001). In the presence of iron chloride, semialdehyde succinic acid and 3-methyl-2-benzothiazolone-2-hydrazone form a colored complex that absorbs at 610 nm. Fifteen µmol of α-oxoglutarate, 15 µmol of GABA, 10 µg of pyridoxal phosphate, 0.1 mL of homogenate supernatant, and 0.1 mL of 5% methanol were placed into test tubes. The final volume of the mixture was made up with Tris buffer (50 mM HCl; 150 mM KCl; pH 7.4). The tubes were then incubated for 30 min at 37°C. The reaction was terminated by adding 0.5 mL of 20% trichloroacetic acid. Before reading, 0.3 mL of 12% FeCl3 was added to each tube. The absorbance of the complex formed by semialdehyde succinic acid and 3-methyl- 2-benzothiazolone-2-hydrazone (added chromogenic reagent) was read at 610 nm after 30 s and 90 s against the blank. The activity of GABA-T was calculated in pg/min/mg of tissue.
2.7.3 Determination of L-glutamate decarboxylase activity
The activity of L-GAD was determined by using the colorimetric method of (Nayak and Chatterjee, 2003). In the presence of L-GAD, L-glutamic acid is transformed into GABA which absorbs at 455 nm. Into dry tubes, 1 mL of homogenate and 1 ml of glutamic acid (0.05 M; pH 6.7) were introduced, and then 0.1 mL of pyridoxal-5-phosphate (50 mM). The mixture was incubated at 37°C for 30 min, then at 60°C for 10 min. The absorbance of GABA formed in the mixture was read at 455 nm, at 30 s and 90 s against the blank. The activity of L-GAD was estimated in pg of GABA produced/min/mg of fresh tissue.
2.7.4 Determination of reduced glutathione level
The estimation of GSH was carried out according to previous protocols (Rahman et al., 2006). 2,2′-Dithio-5,5′-dinitrobenzoic acid (DTNB) reacts with the–SH groups of glutathione to form a yellow-colored complex that absorbs at 412 nm. To carry out this assay, 1.5 mL of Ellman’s reagent was introduced into test tubes, previously containing 100 μL of homogenate (test tubes), and into a blank tube containing 100 μL of Tris buffer (50 mM HCl; 150 mM KCl; pH 7.4). Tubes were then shaken and incubated for 1 hour at room temperature. The absorbance of the formed yellow-colored complex was read at 412 nm against the blank. The amount of GSH was expressed in µmol/g tissue.
2.7.5 Determination of malondialdehyde level
The MDA level was determined according to the method described by Wilbur et al. (1949). Thiobarbituric acid reacts with MDA and produces a pink-colored complex that can be detected at 530 nm. To perform this assay, 250 µL of homogenate was introduced into the test tubes, while 250 µL of Tris buffer (50 mM HCl; 150 mM KCl; pH 7.4) was introduced into the blank tube. To each tube was then added 125 µL of 20% trichloroacetic acid, then 250 µL of 0.67% thiobarbituric acid. The tubes were plugged with glass beads and then incubated for 10 min at 90°C in a water bath. Thereafter, they were left in the open air for cooling before being centrifuged at 3,000 rpm for 15 min at room temperature (25°C–27°C). The supernatant was removed and the absorbance of the formed complex was read at 530 nm against the blank. The level of MDA was expressed in mmol ⁄g tissue.
2.7.6 Determination of superoxide dismutase activity
The evaluation of SOD activity was performed according to the method of Misra and Fridovish (1972). The presence of SOD in the sample inhibits the oxidation of adrenaline to adrenochrome which absorbs at 480 nm. The control tube contained 1,666 µL of carbonate buffer (50 mM; pH 10.2) only, while in assay tubes contained 134 µL of homogenate. The reaction was triggered by adding 200 µL of 0.3 mM adrenaline solution. After rapid inversion for mixing, the optical density was read at 480 nm at 20 s and 80 s. The specific activity of SOD was expressed in units of SOD/mg of tissue.
2.7.7 Determination of pro-inflammatory cytokine levels
The level of pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNF-α), interleukin one beta (IL1-β), and interleukin six (IL-6) was quantified using the enzyme-linked immunosorbent assay (ELISA). All experiments were performed according to manufacturer instructions (Quantikine ELISA kits, R and D systems, Inc, Minneapolis, United States). The absorbance of each cytokine was measured at 450 nm with a microplate reader. The level of each cytokine, expressed in pg/mL, was determined from the corresponding calibration curve.
2.8 Statistical analysis
Statistical analysis of the values obtained and the construction of graphs were performed using Graph Pad Prism version 8.03 and Microsoft Office Excel 2019. The results are expressed as the mean ± standard error of the mean (SEM) or as percentages.
The normality of the data was assessed using Kolmogorov-Smirnov and Shapiro-Wilk tests, while the homogeneity of variance between experimental groups was determined by the test of Brown-Forsythe. When the assumption of the homogeneity of variance was confirmed, the one-way ANOVA test was performed. Thus, if the difference between experimental groups was established, the Tukey post-hoc test was therefore performed. Moreover, when the data did not assume Gaussian distribution, the test of Kruskal Wallis followed by the post-hoc test of Dunn test was done. The differences were considered significant from p < 0.05.
3 HISTOLOGICAL ANALYSIS OF THE HIPPOCAMPUS
Histological analysis followed the protocol of Survana et al. (2019). The steps included fixation, trimming, dehydration, inclusion, cutting, staining, mounting, and observation. Following the sacrification, animals were killed, and the brains were removed and kept in 4% formalin for 1 week. The brain tissues were cut, placed in labeled cassettes, and immersed for 1 h in a bath of ethanol 70%. The tissues were then cleaned of all traces of water before inclusion in paraffin. For this purpose, the tissues were left in ethanol baths of increasing concentration, i.e., ethanol at 70% (1 h), 95% (1 h), 95% (1 h 30 min), 100% (1 h), 100% (1 h 30), 100% (2 h), respectively. Brain histology was performed by embedding 5-μm sections of tissue in the paraffin, and three sections per mouse of the hippocampus (composed of CA1, CA2, and CA3 layers) were processed. The cutting of the paraffin blocks was performed using a microtome. Then, the blocks of paraffin were recovered with glass slides, and dried in an oven at 45°C for 24 h before staining with hematoxylin-eosin. The slides were stained with hematoxylin and eosin, mounted, and observed at 200× magnifications using an optical microscope (Scientico STM-50, Scientico Medico Engineering Instruments., Haryana, India). This microscope was equipped with a digital camera (Celestron brand 44421) connected to a computer. The obtained images were analyzed with Image J software (version 1.5) to count the number of surviving neurons per µm2. Indeed, three slides per sample were analyzed, and in each slide, the number of neurons was counted in four quadrants. Thus, four fields per quadrant were taken for measurement. These surviving neurons were differentiated from other cells such as glial cells in terms of structure and staining. Surviving neurons (pyramidal neurons) are the biggest cells of the brain tissues and possess dendrites and axons. Oligodendrocytes are littler and darker than neurons, while astrocytes have the same size as neurons but lack axons and dendrites. Furthermore, degenerated/necrotic neurons were characterized by a dark cytoplasm, pyknotic nucleus, perineuronal edema, shrunken cytoplasm, and karyolysis.
4 QUANTITATIVE PHYTOCHEMICAL ASSAYS
Total phenolic, condensed tannins, flavonoid contents, total alkaloids, and total saponins were respectively quantified using methods described by Hatami et al. (2014), Dehpour et al. (2009), Mang’ Dobara et al. (2020), Ba et al. (2010), and Gracelin et al. (2013).
5 RESULTS
5.1 The aqueous extract of P. biglobosa reduced the mean number of seizures during the PTZ-kindling process
Kindling with PTZ increased the number of stages 1, 2, 3, and 4 of seizures in the PTZ group as compared to the control group that did not receive PTZ (Figures 2A–D). The extract, at all doses, decreased (p < 0.001) the number of stages 1 and 2 of seizures (Figures 2A,B). However, the extract at all doses completely protected the animals against stages 3 and 4 of seizures (Figures 2C,D). Similarly, sodium valproate led to a decrease in the number of stages 1 and 2 of seizures (Figures 2A,B), and complete protection against stages 3 and 4 seizures (Figures 2C,D).
[image: Figure 2]FIGURE 2 | The aqueous extract of P. biglobosa decreased the mean number of seizures of stage 1 (A) and stage 2 (B). Moreover, it protected the animals against seizures of stage 3 (C) and stage 4 (D). Results are expressed as mean percentage ± SEM, N = 8. Data were analyzed by one-way ANOVA, followed by Tukey (HSD). ###p < 0.001; ##p < 0.01 compared to the control group and ***p < 0.001; **p < 0.01; *p < 0.05 compared to the PTZ group. Control, normal control group only treated with distilled water; PTZ = negative control group treated with distilled water and PTZ; PB80, PB160, PB320 + PTZ, test groups treated with the aqueous extract of P. biglobosa (80, 160, and 320, respectively) and PTZ; SV + PTZ, positive control group treated with sodium valproate and PTZ. PTZ, pentylenetetrazole. SV, sodium valproate; PB, Parkia biglobosa.
5.2 The aqueous extract P. biglobosa decreased the mean duration of seizures during the PTZ-kindling process
The effect of the aqueous extract of P. biglobosa extract on seizure duration is shown in Figure 3. The duration of stages 1, 2, 3, and 4 of seizures in the PTZ group increased (p < 0.001) as compared to the control group. The extract at all doses, as well as the sodium valproate, decreased (p < 0.001) the duration of the seizures of stages 1 and 2. However, these doses of the extract as well as sodium valproate prevented the occurrence of stages 3 and 4 of seizures (Figures 3C,D).
[image: Figure 3]FIGURE 3 | The aqueous extract of P. biglobosa decreased the mean duration of seizures of stage 1 (A) and stage 2 (B). Seizures of stage 3 (C) and stage 4 (D) were not observed. Results are expressed as mean percentage ± SEM, N = 8. Data were analyzed by one-way ANOVA, followed by Tukey (HSD). ###p < 0.001; ##p < 0.01 compared to the control group and ***p < 0.001; **p < 0.01; *p < 0.05 compared to the PTZ group. Control, normal control group only treated with distilled water; PTZ = negative control group treated with distilled water and PTZ; PB80, PB160, PB320 + PTZ = test groups treated with the aqueous extract of P. biglobosa (80, 160, and 320, respectively) and PTZ; SV + PTZ, positive control group treated with sodium valproate and PTZ. PTZ, pentylenetetrazole. SV, sodium valproate; PB, Parkia biglobosa.
5.3 The aqueous extract of P. biglobosa improved the recognition of new object during the object recognition task
The effect of the aqueous extract of P. biglobosa extract on the recognition or discrimination index is shown in Figure 4. In the PTZ group, the recognition index (Figure 4A) decreased (34.70 ± 5.20; p < 0.001) as compared to the control group (73.70 ± 3.80). This activity was decreased in all the test groups, with the greatest effect observed at the dose of 320 mg/kg (67.20 ± 7.50; p < 0.01). Likewise, sodium valproate decreased (p < 0.001) this index to 70.80 ± 4.40. The discrimination index (Figure 4B) decreased in the PTZ group (−21.90 ± 7.60; p < 0.01) relative to the control group (42.30 ± 7.10). The aqueous extract of P. biglobosa at the dose of 320 mg/kg and sodium valproate increased this index to 34.50 ± 7.30 (p < 0.01) and 41.70 ± 8.80 (p < 0.01), respectively.
[image: Figure 4]FIGURE 4 | The aqueous extract of P. biglobosa increased both the recognition index (A) and discrimination index (B) during the object recognition test. Results are expressed as mean percentage ± SEM, N = 8. Data were analyzed by one-way ANOVA, followed by Tukey (HSD). ###p < 0.001; ##p < 0.01 compared to the control group and ***p < 0.001; **p < 0.01; *p < 0.05 compared to the PTZ group. Control, normal control group only treated with distilled water; PTZ, negative control group treated with distilled water and PTZ; PB80, PB160, PB320 + PTZ, test groups treated with the aqueous extract of P. biglobosa (80, 160, and 320, respectively) and PTZ; SV + PTZ, positive control group treated with sodium valproate and PTZ. PTZ, pentylenetetrazole. SV, sodium valproate; PB, Parkia biglobosa.
5.4 The aqueous extract of P. biglobosa ameliorated the working memory-like behavior in the T-maze task
Figure 5A shows the effects of P. biglobosa on the percentage of time spent in the preferred arm and the discriminated arm of the T-maze. In the PTZ group, the percentage of time spent decreased (p < 0.001) in the preferred arm (63.10 ± 5.30%), and increased (p < 0.001) in the discriminated arm (22.90 ± 2.90%) as compared to the control group (24.90 ± 3.43% in the preferred arm and 53.30 ± 3.60% in the discriminated arm) (Figure 5A). The extract at the dose of 320 mg/kg markedly increased (p < 0.01) this percentage in the preferred arm (32.40 ± 2.40%), and decreased (p < 0.01) this percentage in the discriminated arm (46.00 ± 6.80%). Similar effects were observed in animals treated with sodium valproate both in the preferred (33.80 ± 6.30%; p < 0.01) and discriminated (48.10 ± 3.10%; p < 0.05) arms (Figure 5A).
[image: Figure 5]FIGURE 5 | The aqueous extract of P. biglobosa increased both the percentage of time spent (A) and the percentage number of entries in the discriminated arm (B) in the T-maze test. Results are expressed as mean percentage ± SEM, N = 8. Data were analyzed by one-way ANOVA, followed by Tukey (HSD). ###p < 0.001; ##p < 0.01 compared to the control group and **p < 0.01; *p < 0.05 compared to the PTZ group. Control, normal control group only treated with distilled water; PTZ, negative control group treated with distilled water and PTZ; PB80, PB160, PB320 + PTZ, test groups treated with the aqueous extract of P. biglobosa (80, 160, and 320, respectively) and PTZ; SV + PTZ, positive control group treated with sodium valproate and PTZ. PTZ, pentylenetetrazole. SV, sodium valproate; PB, Parkia biglobosa.
Figure 5B shows the effects of P. biglobosa on the percentage number of entries in the preferred arm and the discriminated arm of the T-maze. In the PTZ group, the percentage of the number of entries increased (p < 0.001) in the preferred arm (51.60 ± 42.80%) and decreased (p < 0.01) in the discriminated arm (26.40 ± 2.00%) as compared to the control group (27.40 ± 3.40% in the preferred arm and 39.20 ± 3.70% in the discriminated arm). The extract at the dose of 320 mg/kg increased (p < 0.01) this time in the preferred arm (31.00 ± 2.50%) while it decreased (p < 0.01) in the discriminated arm (38.90 ± 1.30%). Similar effects were observed with sodium valproate in the preferred (35.00 ± 2.50%; p < 0.01) and discriminated (33.30 ± 1.90%; p < 0.05) arms (Figure 5B).
5.5 The aqueous extract of P. biglobosa attenuated anxiety-like behavior in the open field test
Table 1 shows the effect of the aqueous extract of P. biglobosa on the number of recoveries and time spent in the center as well as the number of rearings in the open field test.
TABLE 1 | The aqueous extract of P. biglobosa reduced anxiety-like behavior in the open field test.
[image: Table 1]The number of recoveries decreased (p < 0.01) in the PTZ group (3.70 ± 0.90) as compared to the control group (10.90 ± 1.66). The number of recoveries significantly increased both in the aqueous extract at the dose of 320 mg/kg (9.50 ± 1.00; p < 0.05) and sodium valproate group (10.40 ± 1.00; p < 0.01). The time spent at the center was lower (p < 0.01) in the PTZ group (7.20 ± 0.50 s) as compared to the control group (16.30 ± 2.30 s) (Table 1). The aqueous extract increased this time with the greatest effect at the dose of 320 mg/kg (14.70 ± 1.50 s; p < 0.05). Similarly, sodium valproate increased (15.80 ± 1.20 s; p < 0.01) this time (Table 1).
The number of rearings was higher (p < 0.001) in the PTZ group (60.60 ± 9.40) as compared to the control group (31.40 ± 2.40) (Table 1). The aqueous extract decreased this number with the greatest effect at the dose of 320 mg/kg (31.40 ± 4.50; p < 0.001). Sodium valproate also decreased this number (31.70 ± 0.80; p < 0.01) (Table 1).
5.6 The aqueous extract of P. biglobosa increased the level of GABA in the hippocampus
The effects of the P. biglobosa extract on the GABA metabolism parameters (GABA, L-GAD, and GABA-T) in the hippocampus are shown in Figure 6. The GABA level was reduced (p < 0.01) in the PTZ group (15.90 ± 0.70 μg/ml) as compared to the control group (53.00 ± 4.40 μg/ml) (Figure 6A). The extract at all doses significantly increased this level. However, the 320 mg/kg dose markedly increased this level (44.70 ± 2.90 μg/ml; p < 0.01). Likewise, sodium valproate increased this level (51.20 ± 5.40 μg/ml; p < 0.01) (Figure 6A). The L-GAD activity decreased (p < 0.001) in the PTZ group (0.11 ± 0.04 pg/min/mg) as compared to the control group (0.51 ± 0.06 pg/min/mg) (Figure 6B). The extract of P. biglobosa at the dose of 160 mg/kg (dose which showed the most effective effect) as well as sodium valproate, increased the activity to 0.36 ± 0.02 pg/min/mg (p < 0.01) and 0.35 ± 0.03 pg/min/mg (p < 0.01), respectively (Figure 6B). The GABA-T activity increased (p < 0.001) in the PTZ group (0.08 ± 0.01 pg/min/mg) as compared to the control group (0.05 ± 0.01 pg/min/mg) (Figure 6C). This activity was decreased in all the test groups (p < 0.001), with the greatest effect observed at the dose of 160 mg/kg (0.01 ± 0.00 pg/min/mg). Likewise, sodium valproate decreased this activity to 0.02 ± 0.00 pg/min/mg (p < 0.001) (Figure 6C).
[image: Figure 6]FIGURE 6 | The aqueous extract of P. biglobosa increased the levels of GABA (A) and L-GAD (B) and decreased GABA-T activity (C). Results are expressed as mean ± SEM, N = 5. Data were analyzed by one-way ANOVA, followed by Tukey (HSD). ###p < 0.001; ##p < 0.01 compared to the control group and ***p < 0.001; **p < 0.01; *p < 0.05 compared to the PTZ group. Control = normal control group only treated with distilled water; PTZ, negative control group treated with distilled water and PTZ; PB80, PB160, PB320 + PTZ, test groups treated with the aqueous extract of P. biglobosa (80, 160, and 320, respectively) and PTZ; SV + PTZ, positive control group treated with sodium valproate and PTZ. PTZ, pentylenetetrazole. SV, sodium valproate; PB, Parkia biglobosa.
5.7 The aqueous extract of P. biglobosa reduced oxidative stress markers in the hippocampus
The effect of the aqueous extract P. biglobosa on the levels of MDA, GSH, and SOD in the hippocampus is shown in Table 2. MDA level increased (p < 0.001) in the PTZ group (17.90 ± 0.56 pmol/g) as compared to the control group (6.10 ± 0.50 pmol/g). The aqueous extract of P. biglobasa, at the dose of 320 mg/kg (dose which showed the greatest effect), as well as sodium valproate, decreased (p < 0.001) this level to 10.70 ± 0.40 pmol/g and 12.40 ± 0.50 pmol/g, respectively (Table 2). GSH level decreased (p < 0.001) in the PTZ group (201.60 ± 1.00 μmol/g) as compared to the control group (818.20 ± 1.20 μmol/g). The aqueous extract of P. biglobosa at the dose of 320 mg/kg (dose which showed a marked effect), as well as sodium valproate, increased (p < 0.001) this level to 730.20 ± 0.80 μmol/g and 673.50 ± 0.90 μmol/g, respectively (Table 2). SOD activity decreased (p < 0.001) in the PTZ group (306.20 ± 5.10 unit/min/g) as compared to the control group (476.40 ± 7.40 unit/min/g). The aqueous extract of P. biglobosa at the dose of 320 mg/kg (dose with the greatest effect), as well as sodium valproate, increased (p < 0.001) this level to 425.30 ± 4.20 unit/min/g and 491.30 ± 3.20 unit/min/g, respectively (Table 2).
TABLE 2 | The aqueous extract of P. biglobosa reduced oxidative stress markers parameters in the hippocampus.
[image: Table 2]5.8 The aqueous extract of P. biglobosa decreased the levels of pro-inflammatory cytokine markers in the hippocampus
Figure 7 shows the effects of the aqueous extract of P. biglobosa on TNF-α, IL-1β, and IL-6 levels. The TNF-α level increased to 6.20 ± 0.50 pg/mL (p < 0.001) in the PTZ group as compared to the control group (1.90 ± 0.40 pg/ml) (Figure 7A). The aqueous extract at the doses of 160 and 320 increased (p < 0.001) the level of this cytokine. Likewise, sodium valproate decreased (p < 0.001) this level to 2.60 ± 0.40 pg/mL (Figure 7A). The level of IL-1β increased (p < 0.001) in the PTZ group (314.30 ± 97.70 pg/ml) as compared to the control group (38.20 ± 9.20 pg/ml). The aqueous extract of P. biglobosa at doses of 160 and 320 mg/kg decreased the level of cytokine. The maximal effect was observed at the dose of 320 mg/kg (103.40 ± 10.80 pg/ml; p < 0.05). Sodium valproate decreased (p < 0.01) this level to 76.60 ± 9.10 pg/ml (Figure 7B). The level of IL-6 increased (p < 0.001) in the PTZ group (546.70 ± 74.40 pg/ml) as compared to the control group (26.90 ± 6.30 pg/ml) (Figure 7C). The aqueous extract of P. biglobosa at all doses markedly decreased the level of this cytokine. The maximal effect was observed at the dose of 320 mg/kg (112.20 ± 20.60 pg/ml; p < 0.001). Sodium valproate equally decreased (p < 0.001) this level to 34.10 ± 5.70 pg/ml (Figure 7C).
[image: Figure 7]FIGURE 7 | The aqueous extract of P. biglobosa decreased the levels of TNF-α (A), IL-1β (B), and IL-6 (C) in the hippocampus. Results are expressed as mean ± SEM, N = 5. Data were analyzed by one-way ANOVA, followed by Tukey (HSD). ###p < 0.001 compared to the control group and ***p < 0.001; **p < 0.01; *p < 0.05 compared to the PTZ group. Control = normal control group only treated with distilled water; PTZ = negative control group treated with distilled water and PTZ; PB80, PB160, PB320 + PTZ = test groups treated with the aqueous extract of P. biglobosa (80, 160, and 320, respectively) and PTZ; SV + PTZ = positive control group treated with sodium valproate and PTZ. PTZ, pentylenetetrazole. SV, sodium valproate; PB, Parkia biglobosa.
5.9 The aqueous extract of P. biglobosa attenuated degeneration/necrosis of pyramidal neurons in CA1, CA2, and CA3 regions of the hippocampus
Figure 8 shows the effects of the aqueous extract of P. biglobosa on the microarchitecture of the Cornus Ammonis (CA) regions of the hippocampus. Compared to the control group (Figures 8A,G,M), degenerated/necrotic neurons were observed in the PTZ group (Figures 8B,H,N). These alterations were confirmed by a reduction (p < 0.01) in the number of neurons in the CA1, CA2, and CA3 (Table 3). At the dose of 80 mg/kg of the extract, there were few degenerated/necrotic neurons (Figure 8D), and an increased number (p < 0.05) of surviving neurons in the CA1 region (Table 3). However, in CA2 and CA3 regions, the extract at all doses (Figures 8 J,K,L,P,Q,R), as well as sodium valproate (Figures 8I,O) reduced the presence of degenerated/necrotic neurons (Figures 8J,K,L). These treatments also increased (p < 0.05–0.01) the number of surviving neurons (Table 3).
[image: Figure 8]FIGURE 8 | The aqueous extract of P. biglobosa attenuated degenerated/necrotic neurons in CA1, CA2, and CA3 regions of the hippocampus after hematoxylin-eosin staining (200 ×). Scale: 25 µm. DGN: degenerated neurons; NN: normal neurons; Panels (A,G,M): normal control group; Panels B, H, and N: negative control group; Panels (C,I,O): sodium valproate group; Panels (D,J,P): group treated with the extract of P. biglobosa at the dose of 80 mg/kg; Panels (E,K,Q): group treated with the extract of P. biglobosa at the dose of 160 mg/kg; Panels (F,L,R): group treated with the extract of P. biglobosa at the dose of 320 mg/kg.
TABLE 3 | The aqueous extract of P. biglobosa reduced degenerated/necrotic neurons in the hippocampus.
[image: Table 3]5.10 Quantitative phytochemical analysis
Total phenolic compounds (88.12 ± 0.15 mg GAE/g), condensed tannins (27.00 ± 0.13 mg CatE/g), and flavonoids contents (43.66 ± 0.35 mg RE/g) were abundant as compared to standards (Table 4). However, total alkaloids (13.06 ± 0.11%) and saponins (4.59 ± 0.31%) were less abundant (Table 4).
TABLE 4 | Quantitative analysis of the aqueous extract of P. biglobosa.
[image: Table 4]6 DISCUSSION
Epilepsy is a chronic brain disorder in need of more effective therapies. Indeed, the failure of conventional antiepileptogenic drugs to effectively inhibit the epileptogenic process has paved the way for the discovery of new therapies (Okaiyeto and Oguntibeju, 2021). The kindling model closely mimics neuropathological conditions associated with generalized seizures (Dhir, 2012; Singh et al., 2021). Recent studies showed that PTZ can induce epileptic seizures in rodents by selectively blocking the chloride channel of the GABAA receptor (Dhir, 2012; Singh et al., 2021). In the present study, chronic injection of PTZ induced an increase in the number and duration of stages 1, 2, 3, and 4 seizures. These results are similar to those of Cetindag and Ciltas (2022) and Mishra et al. (2021b) who worked on a similar model. The condition in which a normal brain is altered towards the generation of abnormal electrical activity is called epileptogenesis (Dhir, 2012; Singh et al., 2021). Thus, molecules that inhibit or alter kindling processes have the potential to be developed as disease-modifying or antiepileptogenic drugs (Dhir, 2012; Singh et al., 2021). The administration of an aqueous extract of the leaves of P. biglobosa significantly reversed the effects and suggests an antiepileptogenic potential. The quantitative analysis of the phytochemical compounds of the extract revealed a high concentration of flavonoids and saponins. The antiepileptogenic-like effect of the extract could be related to the presence of these compounds in the extract (Jiang, 2019; Xia et al., 2021; Yakubu et al., 2021).
During epileptogenesis, memory and emotion are particularly altered because they share the same anatomical structure with TLE. This explains why working memory impairment and anxiety disorders are common complaints in patients with TLE (Kandeda et al., 2021b; Kandeda et al., 2022c; Kandeda et al., 2022d). Thus, a drug that can prevent or inhibit the development of these neuropsychiatric disorders, in people at risk, is of interest (Singh et al., 2021; Pollo et al., 2022). In the present study, PTZ group animals showed working memory impairment in the object recognition and T-maze tests. Vogt et al. (2022) reported similar cognitive and behavioral impairments following a chronic injection of PTZ in rodents. Indeed, PTZ-kindling provides the opportunity to study associated cognitive deficits (Singh et al., 2018; de Souza et al., 2019; Kandeda et al., 2022d). Furthermore, during the open field test, PTZ-kindling led to a decrease in anxiety-like behavior in the PTZ group. Such variation was obtained by Hoeller et al. (2017) and Anesti et al. (2020) and indicates a state of anxiety-like behavior. According to these authors, the inhibition of GABA neurotransmission in the hippocampus and amygdala could be the reason behind these alterations, since these regions are involved in the regulation of anxiety behavior. The extract of P. biglobosa reversed all these parameters in the object recognition and T-maze tests as well as in the open-field test. These results are similar to those of Mishra et al. (2021a) and suggest anti-amnesic- and anxiolytic-like properties. These findings confirm the antiepileptogenic potential of the plant extract since working memory impairment, anxiety disorders, and epileptogenesis share similar bidirectional and cause-to-effect links (Shishmanova-Doseva et al., 2021; Suleymanova, 2021).
In the view to unraveling the mechanism of action by which the extract induced these behavioral changes, we began to measure the concentration of GABA. This latter, which is the main inhibitory neurotransmitter in the central nervous system, is a rapid biomarker of molecular alterations during epileptogenesis (Dhir, 2012). Thus, a decrease in GABA neurotransmission is a characteristic of an epileptic condition (Shimada and Yamagata, 2018; Szyndler et al., 2018). Analysis of markers of GABA metabolism in the present study showed that GABA-T activity increased and GABA level decreased in the PTZ group. These data are consistent with those of Erkec et al. (2022) who showed that PTZ-kindling decreased the GABA level in the hippocampus of rats. The aqueous extract of P. biglobosa reduced GABA-T activity and increased the GABA level, indicating modulation of GABA neurotransmission. These effects could be related to the presence of flavonoids and saponins. These compounds have been shown to decrease the activity of GABA-T and increase the level of GABA in the brain (Xie et al., 2018; Rebas et al., 2020). Increasing the level of GABA could be the mechanism by which the extract reduces seizures and anxiety disorders as revealed in the present work.
Apart from the involvement of GABA neurotransmission during epileptogenesis, accumulating literature revealed the role of oxidative stress during this process. Thus, a drug with antioxidant potential could contribute to preventing or inhibiting epileptogenesis (Li et al., 2021; Erkec et al., 2022). In the present study, the aqueous extract reduced oxidative stress as compared to the PTZ group. PTZ stimulates the glutamatergic system which is at the origin of the excitotoxicity in the hippocampal neurons. Free radicals that result could cause lipid peroxidation, generating MDA and a drop in GSH. Given that the extract reversed these changes, these findings suggest antioxidant properties and confirm previous studies demonstrating a strong antioxidant potential of P. biglobosa extract (Banwo et al., 2020; Musara et al., 2020). Furthermore, flavonoids and polyphenols are known to reduce the formation of reactive oxygen species and free radicals (Sahu et al., 2020; Lazzarotto et al., 2021). The abundance of these secondary metabolites in the extract could explain its antioxidant properties.
Oxidative stress is associated with free radicals synthesis during epileptogenesis (Ghorbanian et al., 2019; Wu et al., 2020), and is generally the consequence or the cause of the inflammatory process in the brain (Ghorbanian et al., 2019; Wu et al., 2020). Thus, treatment with both anti-inflammatory and antioxidant potentials is of interest. Pro-inflammatory cytokines were reported to aggravate seizures in clinical studies (Ghorbanian et al., 2019; Wu et al., 2020). In the present work, an analysis of inflammatory parameters after PTZ-kindling revealed a significant increase in the levels of IL-1β, IL-6, and TNF-α. These results are consistent with those of Temp et al. (2017) and Hoda et al. (2017) who showed a similar variation following chronic PTZ injections in rats. PTZ can activate microglia and induce the release of TNF-α, IL-1β, and IL-6 (Kandeda et al., 2022d). These cytokines can increase glutamate level and stimulate endocytosis of GABA receptors (Temp et al., 2017; Sharma et al., 2021). Administration of the aqueous extract significantly reduced the levels of these pro-inflammatory cytokines, suggesting anti-inflammatory activity. This activity could be one of the mechanisms involved in the antiepileptogenic-like effect of the extract. Quantitative analysis of the extract revealed the presence of a high concentration of metabolites such as alkaloids, flavonoids, tannins, and saponins. These compounds have been shown to act as cerebral anti-inflammatory agents (Qureshi et al., 2011; Malaguarnera, 2019). The anti-inflammatory activity of these compounds could contribute to the antiepileptogenic-like effect of the extract.
Inflammatory processes and oxidative stress are generally associated with brain injury. Hence, a drug combining anti-inflammatory and antioxidant properties can reduce or prevent the degeneration of neurons. In the present work, PTZ-kindling caused degeneration/necrosis in the hippocampus of the PTZ group. These results are in agreement with those of Kandeda et al. (2022b) who revealed the disorganization of the hippocampus of PTZ-kindled rats. The extract of P. biglobosa reduced this neuronal degeneration/necrosis, perhaps by the antioxidant and anti-inflammatory activities. In addition, behavioral alterations such as amnesia and anxiety are thought to be the result of histological alterations in the brain. The anti-amnesic- and anxiolytic-like effects of the extract could be due to the neuroprotective effect of the extract (Yahaya et al., 2014; Kandeda et al., 2017; Kandeda et al., 2021a; Kandeda et al., 2022a). This neuroprotective effect could be due to the abundance of flavonoids, polyphenols, and alkaloids in the extract (Abdulwanis et al., 2019;Kandeda et al., 2021c).
CONCLUSION
This study was aimed at evaluating the antiepileptogenic-, anti-amnesic, and anxiolytic-like effects of an aqueous extract of P. biglobosa in the PTZ-induced kindling model. The aqueous extract of P. biglobosa prevented seizures, impairment of working memory, and anxiety-like behavior in mice. These properties were associated with neuromodulatory, antioxidant, and anti-inflammatory activities. The secondary metabolites found in this extract could account for these properties, thus providing rational scientific evidence for its use in folkloric medicine against neurological disorders. Further studies should be conducted to elucidate the molecular mechanisms of action of the aqueous extract of P. biglobosa, and the specific molecular components involved using in vitro models of epileptogenesis.
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ABBREVIATIONS
GABA, γ-aminobutyric acid; GABA-T, γ-aminobutyric acid transaminase; L-GAD: L-glutamate decarboxylase; GSH, reduced glutathione; i.p., intraperitoneally; IL-1β: interleukin 1beta; IL-6, Interleukin 6; MDA, malondialdehyde; SOD, superoxide dismutase; p.o., per os; PB, Parkia biglobosa aqueous extract; PB80: Parkia biglobosa at the dose of 80 mg/kg; PB160, Parkia biglobosa at the dose of 160 mg/kg; PB320, Parkia biglobosa at the dose of 320 mg/kg; PB80, Parkia biglobosa at the dose of 80 mg/kg; PTZ: pentylenetetrazole; SV, sodium valproate; TLE, temporal lobe epilepsy; TNF-α, tumor necrosis factor-alpha.
REFERENCES
 Abdulwanis, M. Z., Mohamed, E. E., Mazzon, E., Rollin, P., Cheng Lian Ee, G., Abdull Razis, A. F., et al. (2019). Neuroprotective potential of secondary metabolites from Melicope lunu-ankenda (Rutaceae). Molecules 24 (17), 3109
 Anesti, M., Stavropoulou, N., Atsopardi, K., Lamari, F. N., Panagopoulos, N. T., and Margarity, M. (2020). Effect of rutin on anxiety-like behavior and activity of acetylcholinesterase isoforms in specific brain regions of pentylenetetrazol-treated mice. Epilepsy Behav. 102, 106632. doi:10.1016/j.yebeh.2019.106632
 Auditeau, E., Chassagne, F., Bourdy, G., Bounlu, M., Jost, J., Luna, J., et al. (2019). Herbal medicine for epilepsy seizures in asia, Africa and Latin America: A systematic review. J. Ethnopharmacol. 234, 119–153. doi:10.1016/j.jep.2018.12.049
 Ba, K., Tine, E., Destain, J., Cissé, N., and Thonart, P. J. (2010). Étude comparative des composés phénoliques, du pouvoir antioxydant de différentes variétés de sorgho sénégalais et des enzymes amylolytiques de leur malt. Biotechnol. Agron. Soc. Envir. 14, 131–139. 
 Banwo, K., Alao, M. B., SanniSpices, A. I., and Plants, M. (2020). Antioxidant and antidiarrhoeal activities of methanolic extracts of stem bark of Parkia biglobosa and leaves of Parquetina nigrescens. J. Herbs Spices Med. Plants 26 (1), 14–29. doi:10.1080/10496475.2019.1663770
 Bari, A. U., Santiago, M. Q., Osterne, V. J., Pinto-Junior, V. R., Pereira, L. P., Silva-Filho, J. C., et al. (2016). Lectins from Parkia biglobosa and Parkia platycephala: A comparative study of structure and biological effects. Int. J. Biol. Macromol. 92, 194–201. doi:10.1016/j.ijbiomac.2016.07.032
 Beghi, E., and Beghi, M. (2020). Epilepsy, antiepileptic drugs and dementia. Curr. Opin. Neurol. 33, 191–197. doi:10.1097/WCO.0000000000000802
 Bertoglio, D., Amhaoul, H., Van Eetveldt, A., Houbrechts, R., Van De, Vijver, S., Ali, I., et al. (2017). Kainic acid-induced post status epilepticus models of temporal lobe epilepsy with diverging seizure phenotype and neuropathology. Front. Neurol. 8, 588
 Börchers, S., Krieger, J. P., Asker, M., Maric, I., and Skibicka, K. P. (2022). Commonly-used rodent tests of anxiety-like behavior lack predictive validity for human sex differences. Psychoneuroendocrinology 141, 105733. doi:10.1016/j.psyneuen.2022.105733
 Builders, M., Isichie, C., and Aguiyi, J. (2019). Toxicity studies of the extracts of Parkia biglobosa stem bark in rats. Br. J. Pharm. Res. 1, 1–16. doi:10.9734/bjpr/2012/906
 Burlando, B., Palmero, S., and Cornara, L. (2019). Nutritional and medicinal properties of underexploited legume trees from West Africa. Crit. Rev. Food Sci. Nutr. 59, S178–S188. doi:10.1080/10408398.2018.1551776
 Cetindag Ciltas, A., Ozdemir, E., Gumus, E., Taskiran, A. S., Gunes, H., and Arslan, G. (2022). The anticonvulsant effects of alpha-2 adrenoceptor agonist dexmedetomidine on pentylenetetrazole-induced seizures in rats. Neurochem. Res. 47, 305–314. doi:10.1007/s11064-021-03445-4
 Chen, B., Choi, H., Hirsch, L. J., Katz, A., Legge, A., Buchsbaum, R., et al. (2017). Psychiatric and behavioral side effects of antiepileptic drugs in adults with epilepsy. Epilepsy Behav. 76, 24–31. doi:10.1016/j.yebeh.2017.08.039
 Das, S. R., Mechanic‐Hamilton, D., Korczykowski, M., Pluta, J., Glynn, S., Avants, B. B., et al. (2009). Structure-specific analysis of the hippocampus in temporal lobe epilepsy. Hippocampus 19, 517–525. doi:10.1002/hipo.20620
 De Souza, A. G., Chaves Filho, A. J. M., Souza Oliveira, J. V., De Souza, D. A., Lopes, I. S., De Carvalho, M. a. J., et al. (2019). Prevention of pentylenetetrazole-induced kindling and behavioral comorbidities in mice by levetiracetam combined with the GLP-1 agonist liraglutide: Involvement of brain antioxidant and BDNF upregulating properties. Biomed. Pharmacother. 109, 429–439. doi:10.1016/j.biopha.2018.10.066
 Dehpour, A. A., Ebrahimzadeh, M. A., Fazel, N. S., and Mohammad, N. (2009). Antioxidant activity of the methanol extract of Ferula assafoetida and its essential oil composition. Grassas Aceites 60, 405–412. doi:10.3989/gya.010109
 Dhir, A. (2012). Pentylenetetrazol (PTZ) kindling model of epilepsy. Curr. Protoc. Neurosci. 9 (58), 37. doi:10.1002/0471142301.ns0937s58
 Djeuzong, E., Kandeda, A. K., Djiogue, S., Stéphanie, L., Nguedia, D., Ngueguim, F., et al. (2021). Antiamnesic and neuroprotective effects of an aqueous extract of Ziziphus jujuba mill.(rhamnaceae) on scopolamine-induced cognitive impairments in rats. Evid. Based. Complement. Altern. Med. 2021, 5577163. doi:10.1155/2021/5577163
 Erkec, O. E., Yunusoglu, O., and Huyut, Z. J. (2022). Evaluation of repeated ghrelin administration on seizures, oxidative stress and neurochemical parameters in pentyleneterazole induced kindling in rats. Int. J. Neurosci. 28, 1–9. doi:10.1080/00207454.2022.2107516
 Ghorbanian, D., Ghasemi-Kasman, M., Hashemian, M., Gorji, E., Gol, M., Feizi, F., et al. (2019). Myristica fragrans Houtt extract attenuates neuronal loss and glial activation in pentylenetetrazol-induced kindling model. Iran. J. Pharm. Res. 18 (2), 812–825. doi:10.22037/ijpr.2019.1100670
 Gracelin, D. H. S., Britto, A., and Kumar, B. J. (2013). Qualitative and quantitative analysis of phytochemicals in five Pteris species. Int. J. Pharm. Pharm. Sci. 5, 105–107. 
 Grønhaug, T. E., Glaeserud, S., Skogsrud, M., Ballo, N., Bah, S., Diallo, D., et al. (2008). Ethnopharmacological survey of six medicinal plants from Mali, West-Africa. J. Ethnobiol. Ethnomed. 4, 26. doi:10.1186/1746-4269-4-26
 Hatami, T., Emami, S. A., Miraghaee, S. S., and Mojarrab, M. J. (2014). Total phenolic contents and antioxidant activities of different extracts and fractions from the aerial parts of Artemisia biennis Willd. Iran. J. Pharm. Res. 13, 551–559.
 Hinton, T., and Johnston, G. (2018). “GABA, the major inhibitory neurotransmitter in the brain,” in Ref. Modul. Biomed. Sci. (Amsterdam, Netherlands: Elsevier Science), 1–15.
 Hoda, U., Agarwal, N. B., Vohora, D., Parvez, S., and Raisuddin, S. (2017). Resveratrol suppressed seizures by attenuating IL-1β, IL1-Ra, IL-6, and TNF-α in the hippocampus and cortex of kindled mice. Nutr. Neurosci. 20, 497–504. doi:10.1080/1028415X.2016.1189057
 Hoeller, A. A., De Carvalho, C. R., Franco, P. L. C., Formolo, D. A., Imthon, A. K., Dos Santos, H. R., et al. (2017). Behavioral and neurochemical consequences of pentylenetetrazol-induced kindling in young and middle-aged rats. Pharm. (Basel) 10 (3), 75. doi:10.3390/ph10030075
 Jiang, T. A. (2019). Health benefits of culinary herbs and spices. J. AOAC Int. 102, 395–411. doi:10.5740/jaoacint.18-0418
 Kandeda, K. A., Lewale, S., Djeuzong, E., Kouamouo, J., and Dimo, T. (2022a). An aqueous extract of Khaya senegalensis (Desv.) A. Juss.(Meliaceae) prevents seizures and reduces anxiety in kainate-treated rats: Modulation of GABA neurotransmission, oxidative stress, and neuronal loss in the hippocampus. Heliyon 2022, e09549. doi:10.1016/j.heliyon.2022.e09549
 Kandeda, K. A., Mabou, S. T., and Moutchida, C. (2022b). An aqueous extract of Lantana camara attenuates seizures, memory impairment, and anxiety in kainate-treated mice: Evidence of GABA level, oxidative stress, immune and neuronal loss modulation. Epilepsy Behav. 129, 108611. doi:10.1016/j.yebeh.2022.108611
 Kandeda, K. A., Moto, F. C. O., Ayissi, R. E. M., Omam, J. P. O., Ojong, L., and Ngo Bum, E. (2021a). Pergularia daemia hydro-ethanolic extract protects against pentylenetetrazole kindling-induced seizures, oxidative stress, and neuroinflammation in mice. J. Ethnopharmacol. 279, 114338. doi:10.1016/j.jep.2021.114338
 Kandeda, K. A., Moto, F. C. O., Omam, J. P. O., Ayissi, R. E. M., Ojong, L., and Ngo Bum, E. (2021b). Pergularia daemia alters epileptogenesis and attenuates cognitive impairment in kainate-treated mice: Insight into anti-inflammatory mechanisms. Epilepsy Behav. 115, 107707. doi:10.1016/j.yebeh.2020.107707
 Kandeda, K. A., Nguedia, D., Ayissi, E. R., Kouamouo, J., and Dimo, T. (2021c). Ziziphus jujuba (rhamnaceae) alleviates working memory impairment and restores neurochemical alterations in the prefrontal cortex of D-galactose-treated rats. Evid. Based. Complement. Altern. Med. 2021, 6610864. doi:10.1155/2021/6610864
 Kandeda, K. A., Nguedia, D., Djeuzong, E., Kouamouo, J., and Dimo, T. (2022c). An aqueous macerate of Ziziphus jujuba reduces long-term spatial memory impairment in D-galactose treated rats: Role of anti-inflammatory pathways. Metab. Brain Dis. 37 (6), 1–15. doi:10.1007/s11011-022-01050-0
 Kandeda, K. A., Nodeina, S., and Mabou, S. T. (2022d). An aqueous extract of Syzygium cumini protects against kainate-induced status epilepticus and amnesia: Evidence for antioxidant and anti-inflammatory intervention. Metab. Brain Dis. 37 (6), 1–22. doi:10.1007/s11011-022-01052-y
 Kandeda, K. A., Taiwe, G. S., Moto, F. C., Ngoupaye, G. T., Nkantchoua, G. C., Njapdounke, J. S., et al. (2017). Antiepileptogenic and neuroprotective effects of Pergularia daemia on pilocarpine model of epilepsy. Front. Pharmacol. 8, 440. doi:10.3389/fphar.2017.00440
 Komolafe, K., Olaleye, T. M., Seeger, R. L., Carvalho, F. B., Boligon, A. A., Athayde, M. L., et al. (2014). Parkia biglobosa improves mitochondrial functioning and protects against neurotoxic agents in rat brain hippocampal slices. Biomed. Res. Int. 2014, 326290. doi:10.1155/2014/326290
 Kouadio, F., Kanko, C., Juge, M., Grimaud, N., Jean, A., N'guessan, Y. T., et al. (2000). Analgesic and antiinflammatory activities of an extract from Parkia biglobosa used in traditional medicine in the Ivory Coast. Phytother. Res. 14, 635–637. doi:10.1002/1099-1573(200012)14:8<635::aid-ptr427>3.0.co;2-t
 Kraeuter, A.-K., Guest, P. C., and Sarnyai, Z. (2019). The open field test for measuring locomotor activity and anxiety-like behavior. Methods Mol. Biol. 1916, 99–103. doi:10.1007/978-1-4939-8994-2_9
 Lan, L., and Lian, Z. (2010). Application of statistical power analysis–How to determine the right sample size in human health, comfort and productivity research. Build Env. 45 (5), 1202–1213.
 Lazzarotto, L., Pflüger, P., Regner, G. G., Santos, F. M., Aguirre, D. G., Brito, V. B., et al. (2021). Lacosamide improves biochemical, genotoxic, and mitochondrial parameters after PTZ-kindling model in mice. Fundam. Clin. Pharmacol. 35, 351–363. doi:10.1111/fcp.12598
 Li, D., Bai, X., Jiang, Y., and Cheng, Y. (2021). Butyrate alleviates PTZ-induced mitochondrial dysfunction, oxidative stress and neuron apoptosis in mice via Keap1/Nrf2/HO-1 pathway. Brain Res. Bull. 168, 25–35. doi:10.1016/j.brainresbull.2020.12.009
 Lowe, I. P., Eli, R., and Eyerman, G. S. (1958). The fluorometric measurement of glutamic decarboxylase and its distribution in brainJ. Neurochem. 3, 8–18. doi:10.1111/j.1471-4159.1958.tb12604.x
 Malaguarnera, L. (2019). Influence of resveratrol on the immune response. Nutrients 11 (5), 946. doi:10.3390/nu11050946
 Mang’dobara, K., Francis, N., Raymond, B., Bertrand, M. N., Nchiwan, N. E., and Dieudonne, N. (2020). Anti-onchocercal activity and in vivo toxicity of methanolic extract of Canarium schweinfurthii (Burseraceae) from the equatorial region (Cameroon). Cameroon J. Biol. Sci. 28 (2), 14–25. 
 Mehla, N., Sindhi, V., Josula, D., Bisht, P., and Wani, S. (2017). “An introduction to antioxidants and their roles in plant stress tolerance,” in Reactive oxygen species and antioxidant systems in plants: Role and regulation under abiotic stress (Singapore: Springer), 1–23.
 Mishra, P., Mittal, A. K., Rajput, S. K., and Sinha, J. K. (2021a). Cognition and memory impairment attenuation via reduction of oxidative stress in acute and chronic mice models of epilepsy using antiepileptogenic Nux vomica. J. Ethnopharmacol. 267, 113509. doi:10.1016/j.jep.2020.113509
 Mishra, P., Sinha, J. K., and Rajput, S. K. (2021b). Efficacy of Cicuta virosa medicinal preparations against pentylenetetrazole-induced seizures. Epilepsy Behav. 115, 107653. doi:10.1016/j.yebeh.2020.107653
 Misra, F., and Fridovish, I. (1972). Determination of the level of superoxide dismutase in whole blood. New Haven: Yale University Press, 109. 101. 
 Musara, C., Aladejana, E. B., Mudyiwa, S. M., and Karavina, C. J. (2020). Parkia biglobosa (Mimosaceae): Botany, uses, phytochemical properties and pharmacological potential. J. Pharm. Nutr. Sci. 10, 101–115. doi:10.29169/1927-5951.2020.10.03.4
 Nayak, C. S., and Bandyopadhyay, S. (2022). “Mesial temporal lobe epilepsy,” in StatPearls. (Treasure island (FL): Copyright © 2022 (Florida, United States: StatPearls Publishing LLC.). 
 Nayak, P., and Chatterjee, A. K. (2003). Dietary protein restriction causes modification in aluminum-induced alteration in glutamate and GABA system of rat brain. BMC Neurosci. 4, 4. doi:10.1186/1471-2202-4-4
 Nayak, P., and Chatterjee, A. K. (2001). Effects of aluminium exposure on brain glutamate and GABA systems: An experimental study in rats. Food Chem. Toxicol. 39, 1285–1289. doi:10.1016/s0278-6915(01)00077-1
 Okaiyeto, K., and Oguntibeju, O. (2021). African herbal medicines: Adverse effects and cytotoxic potentials with different therapeutic applications. Int. J. Environ. Res. Public Health 18, 5988. doi:10.3390/ijerph18115988
 Oyedemi, S. O., Eze, K., Aiyegoro, O. A., Ibeh, R. C., Ikechukwu, G. C., Swain, S. S., et al. (2021). Computational, chemical profiling and biochemical evaluation of antidiabetic potential of Parkia biglobosa stem bark extract in type 2 model of rats. J. Biomol. Struct. Dyn. 40, 1–14. doi:10.1080/07391102.2021.1938228
 Pollo, M. L. M., Gimenes, C., and Covolan, L. (2022). Male rats are more vulnerable to pentylenetetrazole-kindling model but females have more spatial memory-related deficits. Epilepsy Behav. 129, 108632. doi:10.1016/j.yebeh.2022.108632
 Qureshi, A. A., Tan, X., Reis, J. C., Badr, M. Z., Papasian, C. J., Morrison, D. C., et al. (2011). Inhibition of nitric oxide in LPS-stimulated macrophages of young and senescent mice by δ-tocotrienol and quercetin. Lipids Health Dis. 10, 239. doi:10.1186/1476-511X-10-239
 Racine, R. J. (1972). Modification of seizure activity by electrical stimulation. II. Motor seizure. Electroencephalogr. Clin. Neurophysiol. 32, 281–294. doi:10.1016/0013-4694(72)90177-0
 Rahman, I., Kode, A., and Biswas, S. K. (2006). Assay for quantitative determination of glutathione and glutathione disulfide levels using enzymatic recycling method. Nat. Protoc. 1 (6), 3159–3165. doi:10.1038/nprot.2006.378
 Rebas, E., Rzajew, J., Radzik, T., and Zylinska, L. (2020). Neuroprotective polyphenols: A modulatory action on neurotransmitter pathways. Curr. Neuropharmacol. 18, 431–445. doi:10.2174/1570159X18666200106155127
 Sahu, D. R., Chowdhury, B., and Sahoo, B. M. (2020). Anti-convulsant action and attenuation of oxidative stress by citrus limon peel extracts in PTZ and MES induced convulsion in albino rats. Cent. Nerv. Syst. Agents Med. Chem. 20, 177–185. doi:10.2174/1871524920999200831153214
 Saleh, M. S. M., Jalil, J., Zainalabidin, S., Asmadi, A. Y., Mustafa, N. H., and Kamisah, Y. (2021). Genus Parkia: Phytochemical, medicinal uses, and pharmacological properties. Int. J. Mol. Sci. 22, E618. doi:10.3390/ijms22020618
 Salman, M. M., Sheilabi, M. A., Bhattacharyya, D., Kitchen, P., Conner, A. C., Bill, R. M., et al. (2017). Transcriptome analysis suggests a role for the differential expression of cerebral aquaporins and the MAPK signalling pathway in human temporal lobe epilepsy. Eur. J. Neurosci. 46, 2121–2132. doi:10.1111/ejn.13652
 Scott, A. J., Sharpe, L., Hunt, C., and Gandy, M. (2017). Anxiety and depressive disorders in people with epilepsy: A meta-analysis. Epilepsia 58, 973–982. doi:10.1111/epi.13769
 Seibenhener, M. L., and Wooten, M. C. (2015). Use of the open field maze to measure locomotor and anxiety-like behavior in mice. J. Vis. Exp. 6 (96), e52434. doi:10.3791/52434
 Sharma, S., Tiarks, G., Haight, J., and Bassuk, A. (2021). Neuropathophysiological mechanisms and treatment strategies for post-traumatic epilepsy. Front. Mol. Neurosci. 14, 612073. doi:10.3389/fnmol.2021.612073
 Shimada, T., and Yamagata, K. (2018). Pentylenetetrazole-induced kindling mouse model. J. Vis. Exp. 2 (136), 56573. doi:10.3791/56573
 Shishmanova-Doseva, M., Atanasova, D., Uzunova, Y., Yoanidu, L., Peychev, L., Marinov, P., et al. (2021). Effects of lacosamide treatment on epileptogenesis, neuronal damage and behavioral comorbidities in a rat model of temporal lobe epilepsy. Int. J. Mol. Sci. 22 (9), 4667. doi:10.3390/ijms22094667
 Singh, N., Vijayanti, S., Saha, L., Bhatia, A., Banerjee, D., and Chakrabarti, A. (2018). Neuroprotective effect of Nrf2 activator dimethyl fumarate, on the hippocampal neurons in chemical kindling model in rat. Epilepsy Res. 143, 98–104. doi:10.1016/j.eplepsyres.2018.02.011
 Singh, T., Mishra, A., and Goel, R. K. (2021). PTZ kindling model for epileptogenesis, refractory epilepsy, and associated comorbidities: Relevance and reliability. Metab. Brain Dis. 36, 1573–1590. doi:10.1007/s11011-021-00823-3
 Suleiman, M., Alade, G., Onu, S., and Oladele, A. J. (2022). Ethnomedicinal survey and phytochemical screening of plants used to treat epilepsy by traditional healers in etche, rivers state, Nigeria. jasem. 26, 265–271. doi:10.4314/jasem.v26i2.14
 Suleymanova, E. M. (2021). Behavioral comorbidities of epilepsy and neuroinflammation: Evidence from experimental and clinical studies. Epilepsy Behav. 117, 107869. doi:10.1016/j.yebeh.2021.107869
 Survana, K., Layton, C., and Brancroft, J. (2019). Brancroft's teory and practice of histological techniques. New York: Elsevier Health Sci, 9. 
 Sutton, I., and Simmonds, M. A. (1974). Effects of acute and chronic pentobarbitone on the gamma-aminobutyric acid system in rat brain. Biochem. Pharmacol. 23, 1801–1808. doi:10.1016/0006-2952(74)90188-9
 Szyndler, J., Maciejak, P., Kołosowska, K., Chmielewska, N., Skórzewska, A., Daszczuk, P., et al. (2018). Altered expression of GABA-A receptor subunits in the hippocampus of PTZ-kindled rats. Pharmacol. Rep. 70, 14–21. doi:10.1016/j.pharep.2017.07.008
 Temp, F. R., Marafiga, J. R., Milanesi, L. H., Duarte, T., Rambo, L. M., Pillat, M. M., et al. (2017). Cyclooxygenase-2 inhibitors differentially attenuate pentylenetetrazol-induced seizures and increase of pro- and anti-inflammatory cytokine levels in the cerebral cortex and hippocampus of mice. Eur. J. Pharmacol. 810, 15–25. doi:10.1016/j.ejphar.2017.05.013
 Tomson, T., Battino, D., and Perucca, E. (2019). Teratogenicity of antiepileptic drugs. Curr. Opin. Neurol. 32, 246–252. doi:10.1097/WCO.0000000000000659
 Udobi, C. E., and Onaolapo, J. (2012). Bioactive Compounds of the stem bark of Parkia biglobosa. J. Appl. Pharm. Sci. 2, 133–137. doi:10.7324/JAPS.2012.2718
 Vinti, V., Dell'isola, G. B., Tascini, G., Mencaroni, E., Cara, G. D., Striano, P., et al. (2021). Temporal lobe epilepsy and psychiatric comorbidity. Front. Neurol. 12, 775781. doi:10.3389/fneur.2021.775781
 Vogt, A. G., De Oliveira, R. L., Voss, G. T., Blödorn, G. B., Alves, D., Wilhelm, E. A., et al. (2022). QCTA-1, a quinoline derivative, ameliorates pentylenetetrazole-induced kindling and memory comorbidity in mice: Involvement of antioxidant system of brain. Pharmacol. Biochem. Behav. 215, 173357. doi:10.1016/j.pbb.2022.173357
 Wilbur, K., Bernheim, F., and Shapiro, O. (1949). The thiobarbituric acid reagent as a test for the oxidation of unsaturated fatty acids by various agentsArch. Biochem. 24, 305–313.
 Wu, Y., Wang, Y., Wu, Y., Li, T., and Wang, W. J. (2020). Salidroside shows anticonvulsant and neuroprotective effects by activating the Nrf2-ARE pathway in a pentylenetetrazol-kindling epileptic model. Brain Res. Bull. 164, 14–20. doi:10.1016/j.brainresbull.2020.08.009
 Xia, S., Yang, P., Li, F., Yu, Q., Kuang, W., Zhu, Y., et al. (2021). Chaihu-Longgu-Muli Decoction exerts an antiepileptic effect in rats by improving pyroptosis in hippocampal neurons. J. Ethnopharmacol. 270, 113794. doi:10.1016/j.jep.2021.113794
 Xie, W., Meng, X., Zhai, Y., Zhou, P., Ye, T., Wang, Z., et al. (2018). Panax notoginseng saponins: A review of its mechanisms of antidepressant or anxiolytic effects and network analysis on phytochemistry and Pharmacology. Molecules 23, E940. doi:10.3390/molecules23040940
 Yahaya, T. A., Okhale, S. E., and Adeola, S. O. (2014). Neuropharmacological effects of standardized aqueous stem bark extract of Parkia biglobossa in Wistar rats. Avicenna J. Phytomed. 4, 59–71. doi:10.22038/ajp.2014.1519
 Yakubu, J., Sodipo, O., Abdulrahman, F., and Balami, V. J. (2021). Toxicity study and anticonvulsant effect of ethanol leaf extract of Piliostigma thonningii milne-redhead (fabaceae). njpr. 17, 63–70. doi:10.4314/njpr.v17i1.7
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2022 Kandeda, Menvouta, Mabou, Kouamouo and Dimo. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-13-995881-g005.gif





OPS/images/fphar-13-995881-g006.gif





OPS/images/fphar-13-995881-g003.gif





OPS/images/fphar-13-995881-g004.gif
“f R
"'i’i#"tvf\





OPS/images/fphar-13-995881-t001.jpg
Treatments

Control

PTZ

SV + PTZ

PB 80 + PTZ
PB 160 + PTZ
PB 320 + PTZ

Number of recoveries

10.90 + 1.66
371 £ 092"
1040 + 095
650 % 1.09
843 %132
950 £ 0.96*

Time spent at the
center (s)

16.30 + 228
7.17 £ 048"
15.60 + 117
11.00 + 1.66
13.30 £ 1.06
14.70 + 1.48*

Number of rearings

31.40 + 243
60.60 + 9.39###
3170 + 0.81%%%
38.60 + 6.86*
36.00 + 344
31.40 + 448

Results were expressed as mean + SEM, N = 5. Data were analyzed by one-way ANOVA, followed by Tukey (HSD). ##£p < 0001, ##p < 0.01 compared to the control group and #+4p <
0.001, ##p < 0.01, %p < 0.05 compared to the PTZ, group. Control = normal control group only treated with distilled water; PTZ, negative control group treated with distilled water and PTZ;
PBS0, PB160, PB320 + PTZ, test groups treated with the aqueous extract of . biglobosa (80, 160, and 320, respectively) and PTZ; SV + PTZ, positive control group treated with sodium

valproate and PTZ. PTZ, pentylenetetrazole. SV, sodium valproate; PB, Parkia biglobosa.





OPS/images/fphar-13-995881-g007.gif





OPS/images/fphar-13-995881-g008.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		Aqueous extract of Parkia biglobosa (Jacq.) R. Br. (Fabaceae) exerts antiepileptogenic, anti-amnesic, and anxiolytic-like effects in mice via mechanisms involving antioxidant and anti-inflammatory pathways		1 Introduction

		2 Materials and methods		2.1 Plant material and extract preparation

		2.2 Animals and bioethics

		2.3 Chemicals

		2.4 Experimental design and PTZ-kindling

		2.5 Behavioral assessment

		2.6 Sacrifice and preparation of homogenates

		2.7 Biochemical analyses

		2.8 Statistical analysis





		3 Histological analysis of the hippocampus

		4 Quantitative phytochemical assays

		5 Results		5.1 The aqueous extract of P. biglobosa reduced the mean number of seizures during the PTZ-kindling process

		5.2 The aqueous extract P. biglobosa decreased the mean duration of seizures during the PTZ-kindling process

		5.3 The aqueous extract of P. biglobosa improved the recognition of new object during the object recognition task

		5.4 The aqueous extract of P. biglobosa ameliorated the working memory-like behavior in the T-maze task

		5.5 The aqueous extract of P. biglobosa attenuated anxiety-like behavior in the open field test

		5.6 The aqueous extract of P. biglobosa increased the level of GABA in the hippocampus

		5.7 The aqueous extract of P. biglobosa reduced oxidative stress markers in the hippocampus

		5.8 The aqueous extract of P. biglobosa decreased the levels of pro-inflammatory cytokine markers in the hippocampus

		5.9 The aqueous extract of P. biglobosa attenuated degeneration/necrosis of pyramidal neurons in CA1, CA2, and CA3 regions of the hippocampus

		5.10 Quantitative phytochemical analysis





		6 Discussion

		Conclusion

		Data availability statement

		Ethics statement

		Author contributions

		Acknowledgments

		Publisher’s note

		Abbreviations

		References









OPS/images/cover.jpg
, frontiers | Frontiers in Pharmacology

Aqueous extract of Parkia
biglobosa (Jacq.) R. Br.
(Fabaceae) exerts
antiepileptogenic, anti-amnesic,
and anxiolytic-like effects in
mice via mechanisms involving
antioxidant and anti-
inflammatory pathways





OPS/images/fphar-13-995881-t004.jpg
Chemical compounds unit

Alkaloids %
Flavonoids mg RE/g
Tannins mg CatE/g
Polyphenols mg GAE/g
Saponins %

Mean

13.06 + 0.11%
43.66 + 0.35
27.00 + 0.13
88.12 £ 0.15
459 £ 031

RE, rutin equivalent; CatE, catechin equivalent; GAE, gallic acid equivalent; %,

percentage.





OPS/images/fphar-13-995881-g001.gif
— D o e S o ey e






OPS/images/fphar-13-995881-g002.gif





OPS/images/fphar-13-995881-t003.jpg
Treatments CAl (Nb/pm”) CA2 (Nb/pm”) CA3 (Nb/pm”)
Control 14356 + 043 156.11 + 0.86 13240 + 025

PTZ 8411+ 0.11¢ 56.03 + 0.77## 60.12 + 0.59%#
SV + PTZ 67.33 % 030 100.64 + 0.74* 12355 % 0.68*

PB 80 + PTZ 12215 + 0.66* 12311 + 0.55* 10837 075

PB 160 + PTZ 65.50 + 052 4233 £ 051 129.48 + 068

PB 320 + PTZ 10155 + 044 11629 + 0.70* 11984 £ 0.90*

Results were expressed as mean + SEM, N = 3. Data were analyzed by one-way ANOVA, followed by Tukey (HSD##p < 0.01 compared to the control group and *p < 001, #p <
0.05 compared to the PTZ, group. Control, normal control group only treated with distilled water; PTZ, negative control group treated with distilled water and PTZ; PB80, PB160, PB320 +
PTZ, test groups treated with the aqueous extract of P. biglobosa (80, 160, and 320, respectively) and PTZ; SV + PTZ, positive control group treated with sodium valproate and PTZ. PTZ,

pentylenetetrazole; SV, sodium valproate; PB, Parkia biglobosa; CAl-:
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Control

PTZ

SV + PTZ

PB 80 + PTZ
PB 160 + PTZ
PB 320 + PTZ

MDA (pmol/g)

6.10 £ 0.54
17.90 £ 0.56###
1240 £ 0.51%*
13.80 £ 0.74%*
13.60 £ 0.69%*
1070 £ 0.35***

GSH (umol/g)

81824 + 1.22
201.58 + 0.95###
67351 +0.92*
30192 + 0.86
479.64 + 0.63*
730.15  0.80°*

SOD (Unit/min/g)

47642 + 737
306.16 + 5.14###
49133 £ 3.18**
41745 + 641%
42528 + 4.22%
458.15 + 348"

Results are expressed as mean + SEM, N = 5. Data were analyzed by one-way ANOVA, followed by Tukey (HSD). ###p < 0.001 compared to the control group and #p <0001, #%p < 0.01,
#p < 0.05 compared to the PTZ, group. Control, normal control group only treated with distilled water; PTZ, negative control group treated with distilled water and PTZ; PB80, PB160,
PB320 + PTZ, test groups treated with the aqueous extract of P. biglobosa (80, 160, and 320, respectively) and PTZ; SV + PTZ, positive control group treated with sodium valproate and PTZ.
PTZ: veutiasttrisile. SV, sodinm: vilbrosss PB, Perkic Widobis
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