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Background

Epilepsy is a disease of the brain defined by at least two unprovoked seizures occurring more than 24 hours apart or a diagnosis of an epilepsy syndrome [START_REF] Fisher | ILAE official report: a practical clinical definition of epilepsy[END_REF]. This devastating multi-causal chronic disease is characterized by recurrent spontaneous seizures (a seizure is a transient occurrence signs due to abnormal excessive or synchronous neuronal activity in the brain) that affects 70 million persons worldwide, 80% of them lived in low and middle income countries [START_REF] Ngugi | Estimation of the burden of active and life-time epilepsy: a meta-analytic approach[END_REF] where, in many cases, epilepsy remains untreated [START_REF] Newton | Epilepsy in poor regions of the world[END_REF]. The disease is classified between 3 etiologies; genetic, structural/metabolic, of unknown cause and different types can be found. Epilepsy seizures are categorized in generalized (convulsive seizures, absences) and focal (motor, partial, complex, sensitive and secondarily generalized) seizures. Some epilepsies cannot be classified into generalized or focal, as temporal lobe epilepsy, generalized tonic-clonic seizures with generalized spike-wave, both focal impaired awareness seizures and absence seizures in a patient. Anti-epileptic treatment is based upon the use of drugs according to the type of seizures. All anti-epileptic drugs (AEDs) are synthetized, none are derived from natural products. Most commonly prescribed AEDs are phenobarbital, carbamazepine, phenytoin and sodium valproate. Phenobarbital is a GABA system activator at pre-and post-synaptic level whereas sodium valproate has a double mechanism: potentiator of GABA transmission and inhibitor of voltage-dependent neuronal calcium and sodium channels. Carbamazepin is an antagonist of cyclic adenosin receptors and phenytoin acts as a reductor of the automatism of neuronal hyperexcitability. The wide variety of mechanisms of action of AEDs makes it possible to target seizures with a different molecular mechanism. Association of anti-epileptic drugs might not be recommended Finally, about 30% of persons with epilepsy (PWE) are drug-resistant, representing a socioeconomic burden at the individual, familial and societal levels [START_REF] Forsgren | The epidemiology of epilepsy in Europe -a systematic review[END_REF]. Moreover, these drugs are known to present many side effects such as sedation, hepatotoxicity, anxiety and depression, and only few of them can be administered to pregnant women (lamotrigine, levetiracetam, phenytoin and oxcarbamazepin) are the most tolerated whereas sodium valproate must be avoided). Epileptic condition is linked to an increased risk of depression, anxiety as well as impaired quality of life due to stigmatization, mental and physical impairment, work absenteeism, work-related accident, poor work efficiency and family dysfunction [START_REF] Lee | Factors contributing to the stigma of epilepsy[END_REF].

Most of the time, in countries with a less developed health system, a high treatment gap is registered [START_REF] Harimanana | Associated factors with adherence to antiepileptic drug in the capital city of Lao PDR[END_REF][START_REF] Moyano | Neurocysticercosis as a Cause of Epilepsy and Seizures in Two Community-Based Studies in a 28 Cysticercosis-Endemic Region in Peru[END_REF]. In these countries, it has been demonstrated that this gap of treatment and the high reliance on TMC (traditional and complementary medicine, according WHO definition) lead PWE to use non-conventional treatments and more specifically Herbal Medicine (HM). Moreover, it has been showed that traditional healers know treatments to control epilepsy seizures [START_REF] Auditeau | Herbal medicine uses to treat people with epilepsy: A survey in rural communities of northern Peru[END_REF][START_REF] Keikelame | A thing full of stories": Traditional healers' explanations of epilepsy and perspectives on collaboration with biomedical health care in Cape Town[END_REF]. A need for active health care participation, lack and dissatisfaction with occidental medicine may also motivate PWE to pursue TMC over conventional treatments. Infectious agents as bacteria (meningitis), parasites (neurocysticercosis, malaria) or convulsive fever (especially in children) can cause seizures and be confused with epilepsy. In these cases, traditional medicine provides plants that can be labelled as anti-epileptic although they actually provide anti-convulsive or anti-infectious activity. To date, few data are available on the use and effects of HM to actually manage the disease "epilepsy". In order to better understand the use, safety and pharmacological effects of HM in epilepsy seizures, we conducted an exhaustive systematic review on this topic.

The main objective of this review was to provide a detailed analysis of medicinal species traditionally employed to control epilepsy seizures in tropical and sub-tropical areas of Asia, Africa and Latin America. The pre-clinical pharmacological evaluation of HM, on efficacy and safety, through appropriate in vitro and in vivo testing was also documented. Finally, this review aims at giving data in order to build recommendations or to improve national medicinal plant policies about the use and evaluation of some species of interest.

Methodology

Search strategy

The systematic search on Herbal Medicine treatments for epilepsy seizures was performed considering all the articles published until February 2017 through Medline (Pubmed), Science direct and Ref doc for the electronic research. Manual research was completed in the Paris Descartes Faculty of Medicine (France), the "Institut Francophone de Médecine Tropicale" (Vientiane, Laos), the "Universidad de Piura" (Peru) and the "Institut d'Epidémiologie Neurologique et de Neurologie Tropicale" (IENT, Limoges, France) libraries. The IENT bibliographic resource gives access to original writings, with comprehensiveness for the African continent.

Systematic search was made considering 2 methods; a research with "MeSH terms" and a research "free text" terms. First, we defined the MeSH terms related to species: "phytotherapy", "medicinal vegetal species", "herbal medicine" and "tropical vegetal species". Then, the MeSH terms related to epilepsy seizures were included: "generalized epilepsy", "partial epilepsy", "tonic-clonic epilepsy", "myoclonic epilepsy", "temporal lobe epilepsy", "frontal lobe epilepsy" and different etiologies "idiopathic epilepsy", "post-traumatic epilepsy". Each MeSH term defining disease was combined with each MeSH term designing species, separated by "AND". For free text, we used the word "epilepsy" to define the disease AND the word "medicinal plants" OR "herbal medicine" to define plants.

Eligibility criteria

A screening of article titles was first performed, and then eligible abstracts were read to determine the extent to which they met the eligibility criteria. Abstracts that met the inclusion criteria were retrieved and the full text articles were studied.

Inclusion criteria

To be eligible for the review, studies had to meet the following inclusion criteria:

(1) Bibliometric criteria: To cover the years until 2017, to be an original publication and to be published in English, Spanish or French,

(2) Study setting criterion: To come from tropical or sub-tropical areas (both sides of the Tropic of Cancer and Capricorn) of Asian, Latin American or African countries, (3) Types of studies criteria:

-To report and document the use of HM to control epilepsy seizures (classified as ethnopharmacological references: publications reporting the use of medicinal plants with scientific determination (e.g. [START_REF] Chassagne | Treatment and management of liver diseases by Khmer traditional healers practicing in Phnom Penh area, Cambodia[END_REF]), -To describe the pharmacological evaluation of HM in models considered to be relevant for epilepsy (classified as pharmacological evaluation articles: publications based upon anti-epileptic in vivo or in vitro models (e.g. [START_REF] Löscher | Critical review of current animal models of seizures and epilepsy used in the discovery and development of new antiepileptic drugs[END_REF]). Chosen studies had used validated tests for pharmacological evaluation.

(4) Botanical determination criteria: Only papers in which are mentioned, at a minimum, the preparation of herbarium samples to proceed to identification, the locality where the sample were collected and the names of collectors were included. Papers with taxonomical determination based upon identification keys, floras, field manuals or other reference resources cited, and studies providing identification with the help of botanical authorities (name of the expert and date of determination) and vouchers deposited in a Herbarium were integrated, (5) Nomenclature: We checked all plants in The Plant List and we added standardized names from the list into the main text, tables and figures, following the current recommendations [START_REF] Rivera | What is in a name? The need for accurate scientific nomenclature for plants[END_REF], ( 6) Clinical criterion: To report only traditional local practices regarding epileptic seizures described as tonic-clonic seizures associated with a loss of consciousness (other studies with etiologies such as febrile seizures, infantile seizures, syncope, toxic seizures, etc. were excluded), ( 7) Legal criterion: To provide an ethical committee or people's protection committee approval.

Exclusion criteria

Studies meeting the following criteria were excluded:

(1) To include participants with others neurological diseases,

(2) To consider the evaluation of allopathic or homeopathic products, nutritional supplemental which were not Herbal Medicine,

(3) Not to mention reference to herbarium samples or to give inaccurate voucher specimen details or no details how specimens were identified, (4) To provide incorrect botanical nomenclatures, detected through the specialized website The Plant List,

(5) To deal with remedies based on chemical, animal, mineral or pharmaceutical substances.

Data collection

All ethnopharmacological or ethnomedical information from Asia, Africa and Latin America countries linked with antiepileptic plant uses was collected.

For each species, a use report (defined as the number of citation of this species to control epilepsy seizures when browsing the overall literature) and an evaluation report (defined as the number of pharmacological tests performed on this species) were used in order to highlight use convergence and most studied species.

The following data were collected:

-Genus, species and family of the species mentioned in the publication. Standardization and actualization of the plants name was performed through website: http://www.theplantlist.org/.

-Continent, country in which the study was conducted with the description of the plant environment.

-Other indications of the species, especially if it had other indications in diseases of the Central Nervous System. For each type of studies, we collected specific data:

-For articles presenting quantitative data allowing to assess the importance of the use of species to treat epilepsy seizures: parameters relevant to quantification (type of indicators used, number of people interviewed, etc.) were noted, as well as results. Many indicators first used by ecologists were applied in the surveys [START_REF] Hoffman | Importance Indices in Ethnobotany[END_REF].

-For articles listing the use of HM to control epilepsy seizures without quantified data: part of the plant used, mode of preparation and administration were included in the database.

-For in vitro pre-clinical studies: the part of the plant used, type of extracts, name of models, doses, results and reference anti-epileptic drugs (AEDs) were reported.

-For in vivo pre-clinical papers: the part of the plant used, type of extract, name of models, administration route, doses, results and reference AEDs were noted, as well as indication of toxicity if the studies mentioned it.

Data were managed in an ad hoc database, using software Excel® and Access®.

Data analysis

The primary outcome was the use report of the species. Secondary outcomes were quantitative indicators of use (for ethnopharmacological studies) and seizure parameters (e.g. duration, latency and frequency of seizures), type of model used (for in vitro and in vivo trials).

Studies reporting the same outcomes measures were analyzed together. Data from ethnopharmacological surveys and trial intervention were pooled separately.

In order to identify and select species with high use convergence, their use report was evaluated. For ethnopharmacological surveys, it was defined by the expression:

= + + ℎ
If the same species/part of plant was cited in two different publications or in two different geographical locations, we counted 2 use reports.

In the case of articles with pharmacological models, we considered the use report as:

= + + The statistical analyses were performed using Stata 12® software (Stata Corporation, College Station, TX, USA). We performed Chi 2 test for dichotomous variables. Yates correction were used when expected numbers were ranged from 2.5 to 5 or Fisher exact test when expected numbers were lower than 2.5. Significance level was considered at 0.05. The mapping was managed by the software QGIS 2.14.

Results

Studies characteristics

Bibliometric analyses

The systematic search yielded 1886 articles, 647 of which were excluded as duplicates. Of the remaining 1239 studies, a further 870 were excluded after title reading and 178 were excluded after abstract reading. Further 87 studies were excluded, due to the fact that the articles were not original studies (25 articles) or there was no botanical identification (25 studies). All the motives of exclusion were presented in the flow-chart (Figure 1). In the remaining 104 studies, the use of herbal remedies was assessed. Two additional studies were included from the manual search. In total, 106 articles published between 1982 and 2017 were analyzed (Figure 1).

The studies retrieved were:

Eighteen studies presented quantified data documenting the use of species to control epilepsy seizures. Most used indicators were the Use Value (55 use reports), the Relative Frequency (41 use reports) and the Fidelity level (33 use reports). The Use Value index was employed to calculate the citation of plants during interviews and corresponds to the sum of the total number of use citations by all informants for a given species, divided by the total number of informants. The Relative Frequency was the species frequency divided by the total of frequency values for all species. The Fidelity Level corresponded to the number of informants that reported a use of a plant species to treat a particular disease divided by the number of informants that used the plants as a medicine to treat any given disease [START_REF] Andrade-Cetto | From the field into the lab: useful approaches to selecting species based on local knowledge[END_REF]. Semi structured questionnaires were used in 6 studies, structured questionnaire, focus-groups and field observations in 1 study each. Key informants were traditional healers (in 10 studies), elders and local people (4 studies each), native people (2 studies) and religious, head of the villages and patients for 1 study each.

Twenty-three studies reported the use of species to control epilepsy seizures, without quantified data. Semi structured questionnaires were reported in 5 studies, field observation in 4 studies, structured questionnaire in 2 cases, focus-groups and participatory rural appraisal in 1 study each. Key informants were traditional healers (in 20 studies), elders and local people (respectively 8 and 7 studies each), head of the villages (2), patients and religious for 1 study each.

Sixty nine studies reported pharmacological data, from which 51 used in vivo evaluation models, 7 in vitro animal models and 11 both in vitro and in vivo techniques.

Four papers described both the use of HM to treat epilepsy seizures (29 use reports) and assessed its pharmacological activity.

Use and evaluation reports

A total of 497 use reports of species were found, divided into 3 groups:

Three hundred seventy seven ethnopharmacological survey use reports, corresponding to 264 species. In these articles, remedies used were studied in a given geographical or cultural environment. Among the surveys, we distinguished two levels of evidence surveys: low level of evidence's surveys (with only qualitative data: investigators noted the use report for each species) and high levels of evidence's surveys (quantitative data were provided taking into account use convergence parameters using indicators).

One hundred and twenty in vitro and in vivo models evaluation reports corresponding to 107 species.

Twenty nine reports encompassed both ethnopharmacological and pharmacological studies corresponding to 29 species.

Geographical distribution

Fifty-eight articles originated from Africa, 35 articles from Asia and 18 articles from Latin America. Regarding the number of species cited: 209 use reports were found in Africa (15 countries), 66 use reports in Latin America (7 countries) and 222 use reports in Asia (8 countries). Most of the publications included were carried out in India (n=23 articles), Nigeria (n=16), South Africa (n=13), Cameroun and Brazil (n=8 each). Species were mainly recorded from India (196 different species), Tanzania (81 of which 78 are different species), Belize (30 of which 21 are different), South Africa (28 different species) and Nigeria (22 different species). The distribution of species use reports across the world is shown in Figure 2. Although most of the publications were either ethnopharmacological or epilepsy models studies, we noted that only one Central American country (Belize) accounted both ethnopharmacological studies and preclinical studies in equal proportion (15 reports from each). The repartition of ethnopharmacological studies and preclinical trials by continents is presented in Table 1.

Ethnopharmacological and pharmacological approaches

Based on our inclusion criteria, we identified two types of studies; ethnopharmacological surveys and preclinical in vitro or in vivo studies.

Ethnopharmacological studies

Eighteen ethnopharmacological surveys assessed the species use through quantitative indicators, which represents 114 use reports. It corresponds to articles with a high level of evidence. The most reported quantitative technique was the Use Value (UV) (27.1% of use reports), which is based on the number of uses mentioned by each informant for a given species and the total number of people interviewed. The UV indicates the species that are considered most important by a given population [START_REF] Phillips | Quantitative Ethnobotany and Amazonian Conservation[END_REF]. The second most important quantitative measure was Relative Frequency representing the number of traditional healers using plants out of the total number of traditional healers (20.2% of use reports). Latin America used more quantitative indicators than Asia and Africa in the studies as we can see in Table 2 (p<0.001).

In Africa, the key informants who were mostly consulted during the surveys were villagers (83.3%) while in Latin America and Asia, traditional healers were the first (85.7% and 55.1%). In Africa, the number of traditional healers interviewed was 6.7%. The difference on the repartition of key informants was significative (p<0.001).

Concerning the 377 species cited in ethnopharmacological studies, 75 use reports (19.9%) were related to species that also manage other diseases (except diseases of the central nervous system). Eighty-one (21.5%) use reports concerned species that have various ethnobotanical usages on the central nervous system such as anxiolytic, analgesic, hypnotic, sedative, anti-psychotic, depressive or anti-depressive activities. Besides, the majority of the use reports in ethnopharmacological studies (n=221, 58.6%) did not give information about other ethnobotanical uses.

Pharmacological studies

Among 149 evaluation reports of species (120 species evaluated on models and 29 evaluated on both models and ethno pharmacology methods) recorded for in vitro and in vivo models, 41 species were assessed on in vitro models, 91 on in vivo models and 17 were completely screened (both in vitro and in vivo models). Species have been assessed on several biological models of epilepsy (Figure 3 and Table 3). In vivo models were mainly used (81.6% of the total numbers of models). In vitro model mostly used was the cerebral cortex bond-test GABA-A, with 55.2% of use reports. In vivo model mostly applied was the injection of pentenyltetrazole (34.9%), followed by maximal electroshock seizures (19.8%) and strychnine (16.7%). In Latin America, in vitro studies were most common (60.0%) whereas in Asia and Africa, in vivo studies were more frequent (respectively 76.0 and 58.1%). Ethanolic extracts were mainly used for in vitro studies whereas in vivo studies used aqueous, ethanolic, organic extracts (ether or dichloromethane extracts), or both types. Extracts were administered by intra-peritoneal route for 67.0% and other administrations were performed by oral route. More than 66.7% of preclinical trials did not involve toxicity studies and 21 studies (30.4%) did not use any positive control (AEDs) to compare efficacy with plant extracts. Only 20 studies (29.0%) could be considered as high quality studies respecting criteria described in the Guidelines for submission in peer-reviewed pharmacological literature [START_REF] Mullane | Guidelines for manuscript submission in the peer-reviewed pharmacological literature[END_REF].

Herbal remedies information

Botanical information

Three hundred fifty-one species belonging to 106 botanical families were reported. Families most cited were Leguminosae (n=38 species quoted), Compositae (n=37), Lamiaceae (n=28), Euphorbiaceae and Apocynaceae (n=21), and Araceae and Rutaceae (n=16). Botanical genera most represented were Acorus (n=14), Bacopa (n=10) followed by Adiantum, Calotropis (n=8), Artemisia and Piper (n=7). Data from ethnopharmacological surveys are presented in Table 4 andTable 5.

The species most cited was Acorus calamus L. (12 use reports and 2 evaluation reports), mentioned both in surveys and in biological assays (pentenyltetrazole (PTZ) and maximal electroshock (MES) models). Bacopa monnieri (L.) Wettst. was cited 8 times in four ethnopharmacological surveys and in 2 in vivo assays (extracts provided EEG protection as diazepam). Leonotis leonurus (L.) R.Br. (4 evaluation reports), Uncaria Rhynchophylla (Miq.) Miq. ex Havil., Calotropis gigantea (L.) Dryand. (3 evaluation reports each) had the greatest number of preclinical evaluation. Ricinus communis L., Asparagus racemosus Willd. and Rauvolfia serpentina (L.) Benth. ex Kurz were mentioned five times in total (4 use reports and 1 evaluation report).

Medicinal species use

Parts of species used were mainly leaves in Africa (39.2%) and Latin America (51.2%). In Asia, roots were mainly used (24.1%) and we also observed in this continent a great number of others parts as fruits, rhizomes, bulbs, flowers, seeds and resins. There was a significant difference for the repartition of species parts by continents as shown in Table 6 (p<0.001). For the mode of preparation, we noted decoction was mainly used in Africa (54.7%) and Latin America (38.2%). In Asia, the use of dry powders (22.6%) was the most common, followed by decoction (20.5%). We observed a wider variety of preparation modes in Asia with also an important proportion of healers who made maceration, extraction and paste. Other modes of preparation mentioned were juice, maceration, extraction and smoke. The distribution of the preparation modes was significantly different between continents (p<0.001). The treatment was mainly administered by oral route for the three continents but there was a significant difference (p=0.0128): in Asia, oral route was preferred whereas in Latin America and Africa were reported various types of administration such as topic administration, bath or inhalation. The treatment was prescribed daily for 100.0 % of surveys in Africa and Asia, whereas 20% of species were administered once a month in Latin America.

Effects of herbal remedies

The evaluation of the species on preclinical models showed a positive result for 129 species evaluation reports, with different types of effects and action mechanisms identified (Table 7). In total, 87 species evaluation reports demonstrated an activity; the best results were observed in Africa where 70.3% of the species studied had their mechanism of action identified. Species acting at the GABA A receptor with the greater effect by decreasing order were Arctopus echinatus L., Cotyledon orbiculata L., Artemisia afra Jacq. ex Willd., Dioscorea dregeana (Kunth) T.Durand & Schinz and Acacia sieberiana DC.. Tetrapleura tetraptera (Schum. & Thonn.) Taub. presented a significant dose dependent effect on latency, protection to control seizures and a high therapeutic index.

Kalanchoe crenata (Andrews) Haw., Telfairia occidentalis Hook.f. and Gardenia resinifera Roth showed a significant effect on duration and latency of seizures. Species of Piperaceae family, Piper amalago L. and Piper tuerckheimii C.DC., had an action inhibiting GABA transaminase, which reduce significantly the frequency of seizures. An Ayurvedic formula with Saussurea costus (Falc.) Lipsch., Cyperus rotundus L. and Bacopa monnieri (L.) Wettst. provided a good protection on chronic seizures (equally effective than diazepam) and recuperation of a normal neurologic function visible on the EEG after 3 months with PTZ model.

Overall, 98 evaluation reports of mechanism of action were noted. Species acted mostly on the GABAergic system (58 on 98 evaluation reports), as a GABA transaminase inhibitor or increasing the aperture of chlorine channels on the benzodiazepine GABA A receptor. Eleven out of 98 evaluation reports recorded an effect on the NMDA receptor, 10 on the glycine receptors and 8 on the sodium channel receptors. Other mechanisms of actions involved were the reduction of peroxided lipids (participating in oxidative damages) (4 evaluation reports), AMPA receptor binding (2 evaluation reports), enhancement of the serotoninergic transmission, alteration of the Na + /K + and Ca 2+ ATP-ase, reduction of the rate of prostaglandin in the limbic system, increase of anti-oxidant components and inhibition of calcic T channel (1 evaluation report each). Six species had active constituents reported; in [START_REF] Bum | Extracts from rhizomes of Cyperus articulatus (Cyperaceae) displace [3H]CGP39653 and [3H]glycine binding from cortical membranes and selectively inhibit NMDA receptor-mediated neurotransmission[END_REF], Cyperus articulatus L. was reported to have rhizome constituents acting as NMDA receptor antagonists at the NMDA recognition site and the glycine allosteric modulator site.

Kalanchoe crenata (Andrews) Haw. is known to have an endogenous compound (bufadienolide) increasing GABA concentrations whereas Marsilea quadrifolia L. has its active constituent, marsilin, acting by increasing the serotonin concentration in the brain. Several compounds in Laurus nobilis L., Caesalpinia bonduc (L.) Roxb. and Origanum majorana L. were reported having an activity on GABAergic transmission.

Discussion

Strengths and limitations

This systematic review aimed to report systematically the use of TCM in the control of epilepsy seizures. In these studies, the diagnosis of epilepsy is often based upon the occurrence of generalized 12 tonic-clonic seizures, most of the time without a definite and precise diagnosis of the disease. Indeed, the terms "epilepsy" or "epilepsy seizures" were used without any element referring to the definition of the International League Against Epilepsy. Other types of seizures (especially focal seizures or non-convulsive seizures such as absences) are even more difficult to identify, especially in countries where there is a lack of knowledge in the diagnosis of epilepsy [START_REF] Hounsossou | Knowledge, attitudes, and behavior among key people involved in the employment of people with epilepsy in southern Benin[END_REF][START_REF] Tran | Epilepsy in Laos: knowledge, attitudes, and practices in the community[END_REF]. Classifying epilepsy into focal and generalized has therapeutic implications: generalized epilepsy responds better to treatment. Treatment failure in generalized epilepsy could result from misclassification of epilepsy type and an initial inappropriate choice of antiepileptic drugs. In addition, to consider the patient's medical history and to conduct a clinical examination, complementary exams such as EEG and brain imaging could be helpful to classify epilepsy as focal or generalized, which was not done in the majority of studies that we have reported (Kumar et al., 2017).

We considered both ethnopharmacological and preclinical trials evidence; that has not been done in the previous meta-analyses or systematic reviews in this field. Even though this search strategy was comprehensive, we have not weighted studies according to the level of evidence. Thus, a selection (language and publication) bias cannot be excluded entirely. Second, the validity level of the methodologies of the included publications was also not certain. Much of the risk of bias was attributed to inadequate reporting in literature, considered including provision of insufficient information on methodology of diagnosis of epilepsy, sampling, type of analysis and primary and secondary endpoints. Moreover, there is insufficient evidence of effectiveness to support the use of single herb recipes, to the extent that herbal medicine was consumed in association for the management of epilepsy seizures. Ambiguities and errors in the botanical nomenclature (no citation of author(s) of the names of plants, misspelled names) and use (inaccurate voucher details, no details how specimens were identified) could be observed in papers. We followed the key steps proposed to solve these taxonomic errors: we verified names using The Plant List -a website attempting to bring all plant names together and to impose a single coherent classification -in order to check synonyms and non-standard names. After that, we copied and pasted standardized names from The Plant List into the main text, tables and figures where required. Nevertheless, some of the errors would be tractable by checks on names and others require a clearer policy to implement how specimens and names ( [START_REF] Rivera | What is in a name? The need for accurate scientific nomenclature for plants[END_REF]. Regarding voucher specimens, we checked the main criteria to be cited within a paper -locality where the sample was collected, collector's name, collector's unique collection number, herbarium in which each specimen was deposited -and also criteria regarding their identificationidentification keys, floras, field manuals or other reference resources -and finally the botanical authority indications (name of the expert and date of determination).

For preclinical trials, more randomized controlled trials examining safety and pharmacological effects of herbal medicine for epilepsy seizures are required because only 29.0% of the studies used both control groups and toxicity studies for the pharmacological evaluation. Moreover, the high percentage of articles on the use of HM without quantified data could raise the interest of national medicinal plant policies makers of the different countries. Indeed, it is essential to implement credibility, relevance and sustainability of the research process by validating methodologies and reagents in data generation.

Distribution of the studies

This systematic review examined the evidence for the pharmacological effects of herbal medicine in the management of epilepsy seizures. The review identified 106 studies, involving a total of 351 plant species.

The majority of data (75.9%) were provided by ethnopharmacological surveys, easier to set up than preclinical studies. These last studies require laboratory materials and appropriate conditions which may be difficult to meet in tropical and sub-tropical areas most often belonging to low-and-middle income countries (Fleming et al., 2017). The methodology used between studies is heterogeneously distributed leading to a loss of comparability between studies with a high and a low level of evidence. We encountered less use or evaluation reports in Latin America (66 reports) than in Asia or Africa (more than 200 reports each). This smaller number of reports in Latin America is probably due to the fact that in Africa and Asia, pharmacopeia of traditional medicine is included in the health care system (e.g. Traditional Chinese Medicine, African associations of traditional healers) whereas it is less common in Latin America [START_REF] Bochaton | Cross-border mobility and social networks: Laotians seeking medical treatment along the Thai border[END_REF]; "WHO | WHO traditional medicine strategy"). Considering prevalence of epilepsy in the countries where we found studies (Table 8), we did not observe that the countries with the highest prevalence (Cameroon, Ethiopia, Panama) were not those with the greater use of medicinal plants (India, Tanzania, Belize).

In the same way, we observed more in vivo preclinical trials in Africa and Asia (58.1 and 60.0% respectively) while in Latin America in vitro studies were encountered more frequently (60.0%), which suggests Latin America research on pharmacopeia is more recent. However, there was a greater quality of studies in Latin America because of a use of quantitative indicators (62.5% of use reports) two to three-time more compared to Africa and Asia (respectively 21.9 and 26.6%). Integration of traditional medicine in the health care system could encourage high evidence level studies. [START_REF] Shorvon | Epilepsy in developing countries: a review of epidemiological, sociocultural, and treatment aspects[END_REF] gathered sociocultural studies in developing countries to report the perceived causes of epilepsy; supernatural beliefs (e.g. breaking of taboo, visiting dangerous places), environmental factors (e.g. climate, phases of the moon), physical ailments (e.g. malaria, bang on the head or other accidents) and psychological determinants (e.g. anger, guilt, anxiety) were mentioned in Africa (Nigeria, Kenya), Asia (India), and Latin America (Ecuador). The Latin American people distinguished different types of epileptic seizures; the great evil was described as "heartbeat" and "becoming cold". The symptoms of the little evil were "the vision that is darkening" and a "behavioral cessation". Finally, the "explosive madness" seemed to describe the complex partial crises. In many countries, the etiology of the disease was explained by mystical causes; it is the result of punishment of the gods or deceased ancestors [START_REF] Burneo | Sonko-Nanay and epilepsy among the Incas[END_REF]. In a study conducted in Peru, epilepsy was perceived as being caused by emotional problems (25% of cases), neurocysticercosis (18%), heredity and witchcraft for respectively 16 and 15% of persons with epilepsy (PWE) surveyed [START_REF] Auditeau | Herbal medicine uses to treat people with epilepsy: A survey in rural communities of northern Peru[END_REF]. More recently in Asia, a majority of PWE didn't know the etiology of their disease (18% of use reports), followed by cranial traumatism (16%) and fever (14%). This wide variety of beliefs can be correlated with the high diversity of therapeutic remedies used, which are discussed in ethnobotanical considerations.

Cultural beliefs related to epilepsy

Ethnobotanical considerations

Most of the participants to the ethnopharmacological surveys were traditional healers in Asia and Latin America while village chiefs were more often interviewed in Africa. Several explanations may be provided; first, the methodology of selection of samples was not the same according to studies. Indeed some studies used randomized samples [START_REF] Mallik | Traditional Herbal Practices by the Ethnic People of Kalahandi District of Odisha, India[END_REF][START_REF] Sharma | Ethnomedicinal plants used for treating epilepsy by indigenous communities of sub-Himalayan region of Uttarakhand, India[END_REF] while other studies not. Moreover, in Africa, the village chiefs were educators about culture, counsellors, mediators, spiritual protectors and often traditional healers at the same time [START_REF] Zuma | The role of traditional health practitioners in Rural KwaZulu-Natal, South Africa: generic or mode specific?[END_REF]. At last, traditional healers in Africa were probably more reluctant to answer this type of surveys. Interestingly, a study in East Africa showed, when it came to gathering subjects, researchers were rarely involved in the challenging work of enticing villagers to participate, preferring to rely on chiefs [START_REF] Graboyes | Fines, orders, fear . . . and consent? Medical research in East Africa, C. 1950s[END_REF].

In Africa, leaves and roots were mainly used in the same proportion (39.2 and 34.9 respectively) in the form of decoction (54.7%) whereas in Latin America leaves (51.2%) and other parts of species (fruits, stems, rhizomes, bulbs, flowers, and seeds for 34.1%) were consumed in the form of decoction (38.2%), infusion (29.4%) and maceration (26.5%). This greater variability of use could reflect a greater propensity for experimentation. In Asia, roots and other parts of species were mainly employed (respectively 24.1 and 47.3%) in form of dry powder or decoction (22.6% and 20.5% respectively), reflecting a propensity to use more "elaborate" remedies. Oral route was mainly employed in the three continents, but more in Asia (p=0.0128). Differences on part of species and mode of preparation between continents could be explained by cultural differences [START_REF] Chon | Total phenolics level, antioxidant activities and cytotoxicity of young sprouts of some traditional Korean salad plants[END_REF].

Ethnopharmacological discussion

The following discussion deals with species ranked in descending order of use first (Acorus calamus L. and Bacopa monnieri (L.) Wettst.) and then evaluation reports (Leonotis leonurus (L.) R.Br., Uncaria rhynchophylla (Miq.) Miq. ex Havil. and Calotropis gigantea (L.) Dryand.). If we combine the results of bibliometric analysis and evaluation studies, four others emergent species were the subject of both ethnopharmacological and preclinical studies (Ricinus communis L., Asparagus racemosus Willd. and Rauvolfia serpentine (L.) Benth. ex Kurz).

Acorus calamus L. (Acoraceae)

Acorus calamus L. is a cultivated herb native to Asia. Data from two ethnopharmacological studies were collected and one study assessed in vivo anticonvulsant activity of the species. Two studies reported other activities on the central nervous system (pain and headache treatment, anxiolytic activity). Rhizomes were used in the care of epilepsy seizures in Indian communities (Rajput et al., 2013;[START_REF] Sharma | Observations on the traditional phytotherapy among the inhabitants of Parvati valley in western Himalaya, India[END_REF][START_REF] Sharma | Medico-religious plants used by the Hajong community of Assam, India[END_REF]. Powder of rhizome, decoction and paste of rhizome were used, depending on the region. In one region of India, Uttarakhand, it is mixed with Selinum vaginatum C.B. Clarke and Paeonia emodi Royle powder and given at the rate of 1 half teaspoon twice a day. Similarly, it can be mixed with leaves of Ricinus communis L. and Caesalpinia mimosoides Lam. in a Kerala community. Oral route was employed in all cases in a daily treatment. Two quantitative indicators, Use Value (UV) and Fidelity Level (FL), were mentioned. Questionnaires with 91 traditional healers belonging to three indigenous communities, religious traditional healers, elderly people, priests, housewives, villagers, village chief, Ayurvedic doctors, farmers and shepherd through individual or focus-group interviews (J. [START_REF] Sharma | Ethnomedicinal plants used for treating epilepsy by indigenous communities of sub-Himalayan region of Uttarakhand, India[END_REF]P. K. Sharma et al., 2004) were performed for ethnopharmacological studies. In in vivo study, alcoholic extracts and essential oil were assessed with pentenyltetrazole and maximal electroshock seizures. Methanolic extracts and essential oil were protective against seizures but active constituents, α and β asarone, were identified and presented toxic effects, including mutagenic and genotoxic effects. Although Acorus calamus L. is the most cited species in our review, toxicity of α and β asarone limit its therapeutic usage. Further researches are therefore needed to ensure the safety of this medicinal herb, and "asarone free" varieties should be preferred for therapeutics as reported by [START_REF] Sharma | Acorus calamus (The Healing Plant): a review on its medicinal potential, micropropagation and conservation[END_REF].

Bacopa monnieri (L.) Wettst. (Plantaginaceae) Bacopa monnieri (L.) Wettst. is an herbaceous, cultivated and pantropical species from the wetlands. Data from four ethnopharmacological studies were collected and two studies assessed in vivo anticonvulsant activity of the species. Two studies reported other activities on the central nervous system (anti-psychotic activity and memory stimulant). Leaves were used in the care of epilepsy seizures in 10 Indian communities [START_REF] Poonam | Ethnobotanical study of medicinal plants used by the Taungya community in Terai Arc Landscape, India[END_REF][START_REF] Shanmugasundaram | Brahmighritham, an Ayurvedic herbal formula for the control of epilepsy[END_REF][START_REF] Sharma | Ethnomedicinal plants used for treating epilepsy by indigenous communities of sub-Himalayan region of Uttarakhand, India[END_REF] and one Egyptian community of the Sinaï region [START_REF] Eissa | Ethnopharmacological study of medicinal plants used in the treatment of CNS disorders in Sinai Peninsula, Egypt[END_REF]. Decoction, juice and powder were used in India, depending on the region, while in Egypt the infusion was consumed. Oral route was employed in all cases in a daily treatment. Quantitative indicators, UV and FL, were mentioned three times. Semi-questionnaires with 700 informants [START_REF] Eissa | Ethnopharmacological study of medicinal plants used in the treatment of CNS disorders in Sinai Peninsula, Egypt[END_REF], surveys with traditional healers and local people [START_REF] Poonam | Ethnobotanical study of medicinal plants used by the Taungya community in Terai Arc Landscape, India[END_REF]; and 91 traditional healers of 3 different communities (J. [START_REF] Sharma | Ethnomedicinal plants used for treating epilepsy by indigenous communities of sub-Himalayan region of Uttarakhand, India[END_REF] were performed for ethnopharmacological studies. In the 2 in vivo studies, ethanolic and aqueous leaves extracts were assessed on pentenyltetrazole, pilocarpine, maximal electroshock seizures and strychnine acute seizures-induced. Electrophysiological and neurological tests were also performed on a 3 monthperiod. Extracts prevented the onset of seizures and provided EEG protection as effective as diazepam. No toxicity studies were available in the papers reviewed. Overall, Bacopa monnieri (L.) Wettst. presents beneficial effect on epilepsy associated behavioral deficits (especially memory and cognitive enhancing effects), which suggest its role as adjuvant in the treatment of epilepsy seizures and for managing side effects of AEDs [START_REF] Mathew | Bacopa monnieri and Bacoside-A for ameliorating epilepsy associated behavioral deficits[END_REF]. Further researches should be performed to elucidate its mechanism of action and confirm its role as adjuvant for epileptic patients.

Leonotis leonurus (L.) R.Br. (Lamiaceae)

Leonotis leonurus (L.) R.Br. is a cultivated African herbaceous plant. Data from four pharmacological studies were reported. One study reported other activity on headache. Leaves, roots and bulbs were assessed in 3 in vivo studies [START_REF] Bienvenu | Anticonvulsant activity of aqueous extract of Leonotis leonurus[END_REF][START_REF] Fennell | Assessing African medicinal plants for efficacy and safety: pharmacological screening and toxicology[END_REF][START_REF] Risa | Screening of plants used in southern Africa for epilepsy and convulsions in the GABAA-benzodiazepine receptor assay[END_REF] and 2 in vitro studies [START_REF] Risa | Screening of plants used in southern Africa for epilepsy and convulsions in the GABAA-benzodiazepine receptor assay[END_REF]. Leaves fumigation were consumed in South Africa in order to treat epilepsy seizures. Ethanolic and aqueous extracts were assessed on 4 models (PTZ, picrotoxine, bicuculline, NMDA) and a GABA receptor binding test was performed on ethanolic extract. Diazepam and phenobarbitone were used as controls. There is no binding to GABA-A receptor but certainly an indirect effect via the chlorine channels which increase protection to control seizures and extend the latency of seizures in PTZ, picrotoxine and NMDA models. No toxicity studies were available in the papers reviewed. Although Leonotis leonurus (L.) R.Br. present interesting anticonvulsant activity, its psychoactive effects (also known as cannabis-like effect) and its long-term toxicity indicate the health risk of this plant [START_REF] Nsuala | Wild cannabis": A review of the traditional use and phytochemistry of Leonotis leonurus[END_REF]. Further researches should be performed to assess the safety of this species.

Uncaria rhynchophylla (Miq.) Miq. ex Havil. (Rubiaceae) Uncaria rhynchophylla (Miq.) Miq. ex Havil. is a wild Asian liana. We found data from three pharmacological studies (C. L. [START_REF] Hsieh | Anticonvulsant effect of Uncaria rhynchophylla (Miq) Jack. in rats with kainic acid-induced epileptic seizure[END_REF]C. L. Hsieh, Tang, Chiang, Hsieh, & Lin, 1999;[START_REF] Hsieh | Uncaria rhynchophylla and Rhynchophylline inhibit c-Jun N-terminal kinase phosphorylation and nuclear factor-kappaB activity in kainic acid-treated rats[END_REF][START_REF] Lin | Oral Uncaria rhynchophylla (UR) reduces kainic acid-induced epileptic seizures and neuronal death accompanied by attenuating glial cell proliferation and S100B proteins in rats[END_REF]. Alcoholic extracts were assessed on in vitro (measure of the levels of lipid peroxide) and in vivo models (kaïnate, EEG and EMG recordings). Carbamazepine was used as control. There is a concentration dependent effect on the decrease of peroxided lipids (contribute to oxidative damage). The effect on protection against seizures and latency of seizures was observed from 500 mg/kg. Decrease of the amplitude of action potential from pyramidal neuron at the EEG, decrease neuronal death and modification of the expression of glial cells by a mechanism involving glial proliferation were noticed. The protein implicated in the glial proliferation and which had its level decreased with the extracts of Uncaria rhynchophylla (Miq.) Miq. ex Havil. was already identified. No toxicity studies were available in the papers reviewed. Overall, a lack of pharmacological and toxicological data regarding the use of Uncaria rhynchophylla (Miq.) Miq. ex Havil. in the treatment of epilepsy seizures call for a better evaluation of this species [START_REF] Ndagijimana | A review on indole alkaloids isolated from Uncaria rhynchophylla and their pharmacological studies[END_REF].

Calotropis gigantea (L.) Dryand. (Apocynaceae)

Calotropis gigantea (L.) Dryand. is a pantropical wild herbaceous species. Three pharmacological studies and one ethnopharmacological study provided data [START_REF] Kadiyala | Calotropis gigantiea (L.) R. Br (Apocynaceae): A phytochemical and pharmacological review[END_REF][START_REF] Sharma | Ethnomedicinal plants used for treating epilepsy by indigenous communities of sub-Himalayan region of Uttarakhand, India[END_REF]. Infusion of flowers was used for the prevention of seizures in 3 different communities of traditional healers of India. Leaves, crushed roots and stems of Calotropis gigantea (L.) Dryand. were assessed in in vivo models of epilepsy (PTZ and MES). Phenytoin was used as control. Decrease of the number, duration of seizures and increase of the latency of seizures were observed. No toxicity was observed with the doses used in the study. Overall, Calotropis gigantea (L.) Dryand. presents in vivo evidence of anticonvulsant activity. However toxicological studies indicate that some parts of plants (i.e., latex and fruits) are toxic [START_REF] Kadiyala | Calotropis gigantiea (L.) R. Br (Apocynaceae): A phytochemical and pharmacological review[END_REF]. Therefore, further researches should focus on the sub-acute and chronic toxicity of the part of plants (i.e., flowers, leaves, roots, stems) used to manage epilepsy seizures.

Ricinus communis L. (Euphorbiaceae)

Ricinus communis L. is a cultivated widespread herbaceous plant. Data from five ethnopharmacological studies were collected and one study assessed in vivo anticonvulsant activity of the species. One study reported other activities on the central nervous system (fever and headache treatment). Leaves were used in the care of epilepsy seizures in Indian communities [START_REF] Purkayastha | Ethnomedicinal plants from Dibru-Saikhowa biosphere reserve, Assam[END_REF][START_REF] Sharma | Ethnomedicinal plants used for treating epilepsy by indigenous communities of sub-Himalayan region of Uttarakhand, India[END_REF] and Saharian communities [START_REF] Hammiche | Traditional medicine in Central Sahara: Pharmacopoeia of Tassili N'ajjer[END_REF]. Infusion of leaves, decoction and powder were used, depending on the region. In one region of India, Kerala community, leaves can be mixed with leaves of Ricinus communis L. and Caesalpinia mimosoides Lam.. Oral route was employed in all cases in a daily treatment. Three quantitative indicators, UV, FL and total number of use reports, were mentioned. Questionnaires with 60 people including 20 traditional healers, 5 village chiefs, 10 women, 25 elderly people [START_REF] Purkayastha | Ethnobotany of medicinal plants from Dibru-Saikhowa Biosphere Reserve of Northeast India[END_REF]; as well as interviews of 91 traditional healers from 3 indigenous communities, formal interviews with a randomized sample and a follow-up (J. [START_REF] Sharma | Ethnomedicinal plants used for treating epilepsy by indigenous communities of sub-Himalayan region of Uttarakhand, India[END_REF]; and finally interviews of traditional healers [START_REF] Hammiche | Traditional medicine in Central Sahara: Pharmacopoeia of Tassili N'ajjer[END_REF] were performed for ethnopharmacological studies. In in vivo study, alcoholic extracts were assessed on pentenyltetrazole and maximal electroshock seizures. Ethanolic extracts were protective against seizures. No toxicity studies were available in the papers reviewed, but this species is known to contain the highly toxic ricin mostly found in the seed of Ricinus communis L.. Although seeds of Ricinus communis L. are not used for epilepsy treatment in the papers reviewed, another toxic compound (ricinine) have been identified from others part of the plants including leaves (Worbs et al., 2011). Moreover, this compound is known to elicit seizures and is used as a chemical model of convulsive seizure [START_REF] Ferraz | Ricinine-elicited seizures. A novel chemical model of convulsive seizures[END_REF]. Altogether, the presence of toxic compounds in this species should be taken into account before using this plant for traditional medicine, and further studies should be performed to evaluate the toxicity of leaves.

Asparagus racemosus Willd. (Asparagaceae)

Asparagus racemosus Willd. is a wild herbaceous widely distributed in pantropical regions. Data from four ethnopharmacological studies were collected and one study assessed both use reports by communities and in vivo anticonvulsant activity of the species. One study reported other activity on the central nervous system (inducing paralysis). Roots and rhizomes were used in the care of epilepsy seizures in three Indian communities [START_REF] Mallik | Traditional Herbal Practices by the Ethnic People of Kalahandi District of Odisha, India[END_REF][START_REF] Sharma | Ethnomedicinal plants used for treating epilepsy by indigenous communities of sub-Himalayan region of Uttarakhand, India[END_REF]; U. K. [START_REF] Sharma | Medico-religious plants used by the Hajong community of Assam, India[END_REF]. Decoction of roots was used in one community, while in another village the dry powder and the juice were consumed. Oral route was employed in all cases. The powder and decoction were taken twice a day during one month. Five quantitative indicators, the UV, the FL, the relative frequency of use reports, the relative importance and the cultural index were mentioned. Surveys with 91 traditional healers of 3 different communities, formal interviews with local population and elder people (J. [START_REF] Sharma | Ethnomedicinal plants used for treating epilepsy by indigenous communities of sub-Himalayan region of Uttarakhand, India[END_REF]; as well as surveys with traditional healers, village chiefs, religious healers, PWE and housewives [START_REF] Mallik | Traditional Herbal Practices by the Ethnic People of Kalahandi District of Odisha, India[END_REF]; and semi-structured interviews with 84 informants (village chiefs, traditional healers, religious healers, farmers between 45 and 70) (U. K. [START_REF] Sharma | Medico-religious plants used by the Hajong community of Assam, India[END_REF] were performed for ethnopharmacological studies. In the in vivo study, methanolic and aqueous root extracts were assessed on pentenyltetrazole and maximal electroshock seizures. Extracts provided protection against seizures. No toxicity studies were available in the papers reviewed, and most of the toxicological studies performed on Asparagus racemosus Willd. proved the long-term safety of the species [START_REF] Singh | Asparagus racemosus: a review on its phytochemical and therapeutic potential[END_REF]. Further studies should be carried out to better understand its mechanism of action in the treatment of epilepsy seizures.

Rauvolfia serpentina (L.) Benth. ex Kurz (Apocynaceae) Rauvolfia serpentina (L.) Benth. ex Kurz is a tropical cultivated shrub. Data from four ethnopharmacological studies were collected and one study assessed both use reports by communities and in vivo anticonvulsant activity of the species. One study reported other activities on the central nervous system (nervous disorders, insomnia treatment and anti-venomous). Powder of roots were used in the care of epilepsy seizures in five Indian communities [START_REF] Poonam | Ethnobotanical study of medicinal plants used by the Taungya community in Terai Arc Landscape, India[END_REF][START_REF] Sharma | Ethnomedicinal plants used for treating epilepsy by indigenous communities of sub-Himalayan region of Uttarakhand, India[END_REF]. Oral route was employed twice a day. Three quantitative indicators, UV, FL and percentage of use reports were mentioned. Questionnaires with 91 traditional healers, priests, women, farmers, elder people and inhabitants [START_REF] Poonam | Ethnobotanical study of medicinal plants used by the Taungya community in Terai Arc Landscape, India[END_REF]; as well as observations and focus group with elder people, traditional healers and people who have knowledge about plants of 60 villages (J. [START_REF] Sharma | Ethnomedicinal plants used for treating epilepsy by indigenous communities of sub-Himalayan region of Uttarakhand, India[END_REF] were performed for ethnopharmacological studies. In an in vivo study, aqueous extract was assessed on pentenyltetrazole and strychnine models. Extracts provided protection against seizures. No toxicity studies were available in the papers reviewed. Rauvolfia serpentina (L.) Benth. ex Kurz contains the famous active compound reserpine which was discovered from this species in 1952. Although it has been proven to possess anticonvulsant activity in humans, the numerous side-effects of this compound reduced its use in the treatment of comorbidity of epilepsy (Dey and De, 2010). The use convergence was not frequent; only 2 species were reported more than 10. This could be partly explained by the wide area studied and the difference of ecosystems between the countries. Interestingly, within the same study area (rural communities in Peru), we observed a high use convergence of some widespread plants as Valeriana officinalis L., Myristica fragrans Houtt. and Melissa officinalis L. [START_REF] Auditeau | Herbal medicine uses to treat people with epilepsy: A survey in rural communities of northern Peru[END_REF]. These plants, which are not endemic to Peru, could be used because of a real effectiveness was observed. In this context, it will be interesting to provide pharmacological evaluation of these species in order to, if a pharmacological activity is demonstrated, raise awareness and establish training activities for traditional healers which are more often the first local actors consulted in case of epilepsy (60.5% of PWE in Peru had already used herbal remedies for the care of epilepsy).

Moreover, we noted a particularly interesting use convergence for one species which was found in 3 different continents: Cassia fistula L.. Seeds of this species were used as decoction in Northern Peru, Tanzania and India. For this same species, it will be interesting to compare ecological factors such as environmental factors (humidity, temperature, light and nutrients) which could influence the characteristics of the species and the specificities (e.g. quantity and quality of active constituents).

Pharmacological approaches

HM refers to the use of species or species-derived materials for therapeutic purposes and has been used by herbalists and indigenous communities to treat body disorders for centuries. Most of HM preclinical data in epilepsy seizures control were obtained in poorly design predictive animals models (seizures induced by chemical agents or electroshocks). Some evidence indicates that species such as Cannabis sativa L. [START_REF] Massot-Tarrús | Marijuana use in adults admitted to a Canadian epilepsy monitoring unit[END_REF] and Huperzia serrata (Thunb.) Trevis. [START_REF] Gersner | Huperzine A prophylaxis against pentylenetetrazole-induced seizures in rats is associated with increased cortical inhibition[END_REF] may assist in the management of epilepsy by improving seizures latency and seizure protection, possibly via the interaction with GABA and NMDA receptors. This suggests that the use of HM as a treatment for epilepsy is biologically plausible.

Preclinical data investigating the effect of species on epilepsy were mainly obtained on in vivo seizures models (81.6%) induced by chemical agents for 80.2% of use reports (pentenyltetrazole, strychnine, picrotoxine, pilocarpine, isoniazide or bicuculline) or electroshocks (maximal electroshock seizures) for 19.8% of use reports. These models act on the neurotransmitters system and the most popular techniques were acting on the GABAergic system (59.2%), as a GABA transaminase inhibitor or a GABA A receptor agonist or increasing the aperture of chlorine channels on the benzodiazepine GABA A receptor [START_REF] Nsour | Review on phytotherapy in epilepsy[END_REF]. Nowadays, few models are predictive of human forms of epilepsies; among them, we can mentioned the MTLE mouse model [START_REF] Depaulis | Animal models for mesiotemporal lobe epilepsy: The end of a misunderstanding?[END_REF][START_REF] Duveau | Differential Effects of Antiepileptic Drugs on Focal Seizures in the Intrahippocampal Kainate Mouse Model of Mesial Temporal Lobe Epilepsy[END_REF], which recapitulates most of the electrophysiological and histopathological features of human temporal lobe epilepsy; the genetic absence epilepsy rat from Strasbourg (GAERS) which is a model of generalized epilepsy similar to the absence epilepsy observed in human and the neurocysticercosis rat model which is generated by the intracerebral injection of the Taenia solium in rat, leading to convulsive seizures in some animal [START_REF] Verastegui | Novel rat model for neurocysticercosis using Taenia solium[END_REF]. These models represent the forms of epilepsy investigated in the clinic for the development of new AEDs but in our study, we did not find any species evaluated on this type of models.

We found more aqueous extracts used in in vivo studies, in order to respect traditional remedies which used more aqueous preparations (49.5% for decoctions, infusions) than alcoholic preparations (5.0% for macerations). On 149 use reports for preclinical studies, only 24.8% provided toxicity studies and only one use report provided long-term safety with studies of genotoxicity and mutagenicity.

In preclinical trials, researchers test species one by one and try to isolate a single molecule. However, the common point between ethnopharmacological studies is that herbal remedies are not a single plant species but a mixture of several species. Proposed pre-clinical trials do not reflect the reality of the field and are based on methods similar to those used for anti-epileptic drugs (traditional practices should be assessed differently). The relevance of using such models in the evaluation of traditional medicines may be questionable [START_REF] Bodeker | A Public Health Agenda for Traditional, Complementary, and Alternative Medicine[END_REF].

One open-label interventional trial [START_REF] Devinsky | Cannabidiol in patients with treatment-resistant epilepsy: an open-label interventional trial[END_REF] was performed in order to establish whether addition of cannabidiol to existing anti-epileptic regimens would be safe, tolerated, and efficacious in children and young adults with treatment-resistant epilepsy. Results show the median reduction in monthly motor seizures was 36.5%. Randomized controlled trials are warranted to characterize the safety profile and true efficacy of cannabidiol.

Conclusion

The epilepsy is profoundly culturally and socially mediated, and traditional medicine is recognized as a pillar of epilepsy care because of its ability to consider behavioral, nutritional, psychological and social factors [START_REF] Lee | Factors contributing to the stigma of epilepsy[END_REF].

For that reason, integration of TMC in national healthcare systems, promotion of efficacy, quality, safety of traditional medicine and increase of availability and accessibility to epilepsy care, belong to WHO strategies for 2014-2023. Nowadays, there is insufficient evidence to conclude that species with the higher convergence use are beneficial to patients suffering from epilepsy. The included trials were of different methodological quality (preclinical trials data versus ethnopharmacological data), which makes comparison difficult.

In the present review article, amongst 351 species reported to possess anticonvulsant activity: The WHO has placed a great deal of emphasis on the integration of the traditional practices in modern biomedicine. Considering our results, the importance of TCM in the case of epilepsy seizures should be assessed and recognized, as contribution for the drawing of health policies for a better care of PWE in the world. Indeed, identification of vegetal species and their screening on in vivo rodent models of epilepsy can lead to formulate strategic recommendations and to decide if it would be relevant or not to develop traditional phyto-medication, more personalized and with fewer sideeffects. Moreover, TMC is not only based on the use of plants but also on the use of rituals and dietary restrictions that it would be interesting to explore. A better management of seizures and improvement of PWE's quality of life should reduce the stigma associated with epilepsy and information campaigns and strategic recommendations will be interesting to conduct with traditional healers and medical practitioners.

The identification of plant extracts with a high anti-epileptic potential will be further characterized by appropriate models of seizures (in vivo models of chronic seizures with a better predictability) using a wide-range of study protocols allowing the validation of anti-epileptic potential for new AEDs. Relevant extracts should be further analyzed to identify and characterize the active ingredients. After validation of the possibility to further protect the ingredients coming from the selected plants, the best active ingredients should be protected and patented in agreement with the biodiversity Nagoya's convention.

Finally, it will be interesting to provide new models of epileptogenesis, in particular to study epilepsy associated with parasites and inflammation [START_REF] Nash | Neurocysticercosis: A natural human model of epileptogenesis[END_REF], as neurocysticercosis, to understand forms of epilepsy that are often treated with traditional medicine.

Glossary

AEDs: Anti-Epileptic Drugs AMPA: Alpha-amino-3-hydroxy-5-Methyl-4-isoxazolePropionic Acid GABA: Gamma-AminoButyric Acid GAERS: 
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  (a) No plants have been tested for anticonvulsant activity clinically, (b) The preliminary anticonvulsant activity screening on crude extracts has been carried out on 107 plants. Such plants need to be explored with a view to isolate active constituents and their mode of actions, (c) Chemical constituents responsible for anticonvulsant activity have been reported in 8 plants and (d) The possible mechanism of action has been reported for 125 plants.
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 2 Figure 2: Distribution of plant species use reports by country and type of study

Figure 3 :

 3 Figure 3: Repartition of quantitative indicators for ethnopharmacological studies

Table 1 . Repartition of study type by continents

 1 

		Ethnopharmacological studies	Epilepsy models	
		Number	Frequency (%)	Number Frequency (%)	p
	Africa	137	64.9	74	35.1	
	Asia Latin America	184 56	78.6 69.1	50 25	21.4 30.9	0.005
	Total	377	71.7	149	28.3	

Table 2 . Repartition of the quantification of the ethnopharmacological studies and key informants by continents Table 3. Preclinical models reported in the literature

 2 

		Quantification			Key Informants	
	Number Frequency (%)	p	Traditional healers	Other village members Both	p
	Africa	30	21.9		2	25	3
	Asia	49	26.6	<0.001	27	9	13 <0.001
	Latin America	35	62.5		30	5	0
	Total	114	30.2		59	39	16
	Model				Number of use report	Percentage of use report	
	In vitro models						
	Cerebral cortex bond-test GABA-A		32	55.2	
	Electrical potential recordings		10	17.2	
	Cerebral cortex bond-test NMDA, AMPA, glycine	6	10.3	
	Others				10	17.2	
	TOTAL				58	100.0	
	In vivo models						
	PTZ				90	34.9	
	MES				51	19.8	
	Strychnine				43	16.7	
	Picrotoxine				20	7.8	
	Pilocarpine				18	7.0	
	Isoniazide				17	6.6	
	Bicuculline				8	3.1	
	Autres				11	4.3	
	TOTAL				258	100.0	

AMPA: acide alpha-amino-3-hydroxy-5-méthyl-4-isoxazolepropionique, GABA: Gamma-AminoButyric Acid, MES: maximal electroshock seizure, NMDA: N-Methyl-D-Aspartate, PTZ: pentenyltetrazole

Table 4 . Species most mentioned in the ethnopharmacological surveys without quantification

 4 

	Species	Family	Coun-	Part of	Traditional	Adminis-	Doses	Informants	Sample	Type of	Study	Results	Reference
			tries	specie	preparation	tration			size	survey	period		
					way								
	Carissa	Apocyna	Kenya	Roots	Decoction	PO	-	Local	-	Semi-	March	Ethnopharmacologica	Jeruto et
	spinarum L.	ceae						population,		structured	2004 to	l use on epilepsy	al., 2008
	Culcasia falcifoli Engl. Thonn. Ehretia cymosa	Araceae ceae Boragina		Leaves and root Leaves	Ash Infusion			older people who have knowledge, healers traditional		interviews	February 2006		
	Solanecio	Asterace		Roots	Decoction								
	mannii (Hook.f.)	ae											
	C.Jeffrey												
	Achyranthes	Amarant	India	Whole	Pulverization	PO	1 s 2/day	Local	-	Questionnair	-	Achyranthes aspera:	Kumar et
	aspera L.	haceae		plant				populations,		es and		Plant with very good	al., 2004
								traditional		participatory		effectiveness in	
								practitioners in		rural		epilepsy for 2 tribes,	
								4 tribes		appraisal		moderate	
										(PRA)=		effectiveness in	
										Participatory		another tribe and not	
										rural		known in this	
										evaluation		indication either by	
	Evolvulus	Convolvu		Whole	Paste		1/day during					one tribe	
	alsinoides (L.) L.	laceae		plant			1 month					Evolvulus alsinoides:	
												Plant with a very	
												good effectiveness in	
												epilepsy for the 4	
												tribes, not known in	
												this indication by	
												traditional	
												practitioners	
	Euphorbia	Euphorbi	India	Leaves	Pulverization	PO	-	Traditional	-	Questionnair	Septemb	Traditional medicine	Sharma et
	dracunculoides	aceae						practitioners		es,	er 2007	use in India	al., 2010
	Lam.							who apply		consultations	to July		
	Gomphrena	Amarant		Leaves	Juice			Ayurvedic		and	2008		
	celosioides	haceae						medicine,		interviews			
	Mart.							indigenous					
	Ocimum	Polygala		Leaves	Paste			women,					
	gratissimum L.	ceae						seniors					
	Oxalis	Oxalidac		Leaves	Pulverization								
	corniculata L.	eae											

CI: cultural index, CII: cultural importance index, FIC: consensus factor, FL: fidelity level, Ip: performance index, I/P: number of interview/ number of inhabitants, ISU: index of specialization, NCS: number of body system treated, NP: number of pharmacological properties, %Cm: percentage of citations for the disease, PO: per os, s: spoon, RF: relative frequency, RFC: relative frequency of citation, RI: relative importance, SPI: species popularity index, UV: use value

Table 6 . Repartition of species parts used, preparation, administration by continents
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			Africa		Latin America	Asia		
		Number Frequency (%) Number Frequency (%) Number Frequency (%)	p
	Part of vegetal species							
	Barks	22	11.6	3	7.3	12	5.9	
	Leaves Roots	74 66	39.2 34.9	21 3	51.2 7.3	46 49	22.7 24.1	<0.001
	Others	27	14.3	14	34.1	96	47.3	
	Total	189	100.0	41	100.0	203	100.0	
	Preparation mode							
	Decoction	76	54.7	13	38.2	30	20.5	
	Infusion	20	14.4	10	29.4	9	6.2	
	Powder	18	12.9	0	0.0	33	22.6	<0.001
	Paste	10	7.2	0	0.0	24	16.4	
	Others	15	10.8	11	32.4	50	34.3	
	Total	139	100.0	34	100.0	146	100.0	
	Administration route							
	Per os	92	80.0	25	78.1	162	91.0	
	Others	23	20.0	7	21.9	16	9.0	0.0128
	Total	115	100.0	32	100.0	178	100.0	
	Mechanism of action							
	Yes	52	70.3	11	44.0	24	48.0	
	Total	74	100.0	25	100.0	50	100.0	0.0132

Table 7 . Species most mentioned in in vitro or in vivo models
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	Species	Family	Coun-	Part of	Prepa-	Type of	Name of	Extracts	Adminis-	Doses	Gold	Observed	Toxici	Results	Reference
			tries	specie	ration	models	models		tration	(mg/kg)	stan-	criteria	ty		
					way						dard				
	Gastrodia	Orchidace	China	Roots	Infusion In vivo	PTZ & GABA	Methanoli	PO	-	VPA	Intensity and	-	PTZ : ↓ time recovery	Ha et al.,
	elata Blume	ae				& vitro	transaminase	c				duration of		and severity crisis. No	2010
							assay					seizures,		significant action on	
												convulsions		latency + duration. In	
												latency,		vitro: ↑ GABA /	
												amount of		inhibition GABA	
												GABA/		transaminase /	
												inhibition of		Inhibitor effect of lipid	
												GABA		peroxidation	
												transaminase			
	Arctopus	Apiaceae South	Roots	Decocti	In vitro	3H-Ro	Ethanolic	-	-	Diazepa	Link to the	-	Significant liaison	Stafford et
	echinatus L.		Africa,		on, juice		binding test				m	GABA-A			al., 2015
			Zimbab									receptor			
	Cotyledon	Crassulac	we	Leaves	Decocti										
	orbiculata L.	eae			on, juice										
	Artemisia	Composit		Leaves	Decocti										
	afra Jacq.	ae			on, juice										
	ex Willd.														
	Dioscorea	Dioscorea		Leaves	Decocti										
	dregeana	ceae			on, juice										
	(Kunth)														
	T.Durand &														
	Schinz														
	Acacia	Legumino		Bark	Decocti										
	sieberiana	sae			on, juice										
	DC.														
	Vitex	Verbenac	India	Leaves	Macerat	In vivo	MES, PTZ	Ethanolic	PO	250,	Dipheny	Duration	-	Potentiation : ↑ AE	Tandon et
	negundo L.	eae			ion					500 et	lhydanto	extension		activity of VPA	al., 2015
										1000	in, VPA	phase			
	Acorus	Araceae	India	-	-	In vivo	MES, PTZ	Methanoli	PO	100 et	-	Intensity and	Mutag	AE activity via GABA	Rajput et
	calamus L.							c,		200		duration of	en	and sodium channel	al., 2014
								ethanolic,				seizures	Hepat	inhibition	
								oil					ocarci		
													nogen		
	Kalanchoe	Crassulac	Camero	Leaves	Macerat	In vivo	PTZ,	Methanoli	PO	150,	CBZ,	Duration and	-	Significant AE effect	Nguelefack
	crenata	eae	un		ion		Strychnine,	c		300,	VPA	latency of		on latency of seizures	et al., 2006
	(Andrews)						thiosemicarba			600		seizures		more important than	
	Haw.						zide							CBZ and VPA	

  is Mart.

	Species												
		Rosaceae	Brazil	Leaves	-	In vivo	PTZ	Hexane	PO	50,	Diazepa	Percentag	-	Prevention of convulsions and	Nogueira
	Species Uncaria rhynchop hylla (Miq.) Miq. ex Euphorbi a tirucalli L. Havil Jatropha curcas L. Qualea Cymbopo gon citratus (DC.) Stapf a Mart. grandiflor	Family Rubiaceae Taiwan Coun-tries Euphorbia ceae Soma lia Euphorbia ceae Vochysiac Brazil Poaceae Brazil eae	Part of specie -Aerial parts Roots Leaves Leaves	Prepa-ration way ---Infusion	Type of models In vitro & in vivo In vivo In vivo In vivo	Name of models Kainic acid : epileptifor m discharge PTZ s and protein study PTZ et STN PTZ PTZ, MES	fraction Extracts Adminis-tration Alcoholic PO Ethanolic IP Hydro IP Essential oil PO alcoholic	100, 150, 300 mg/kg Doses 1 g /kg 250 mg/kg 100, 0.5 et 1 g/kg mg/kg 500 300,	m Gold standard e of protection against Observed criteria -EEG and seizures EMG and detection flumazenil competitio n test -Percentag e of protection against seizures Maximu Toxicity induction of muscle relaxation. Binding totally reversible by Results adding flumazenil -Decrease of the amplitude of action potential from pyramidal neuron, decrease neuronal death, m tolerate Protective effect modifies the expression of glial cells in particular by a mechanism involving glial d dose proliferation in mice: Phenobarbitone Percentag LD 50: Protective effect against 500 Chlordiaz epoxide, VPA Percentag e of protection against seizures and latency of seizures Acute toxicity: no severe toxicity below 1 g/kg then Dose dependent protection against seizures on MES spread of the seizure but no mortality seizures by blocking the and generalized tonic-clonic seizures the effectiveness of intensity of clonic convulsions. Action on latency, model and increase of latency seizures, against of the seizures latency protection mg/kg mortality and increase mg/kg e of 1,321 clonic seizures,	et al., Reference 2000 Lin et al., 2011 Samuelss on et al., 1992 Gaspi et al., 2009 Blanco et al., 2006
													CNS	absence and myoclonic
													depres	seizures
													sant	
													effect	
	Gardenia	Rubiaceae India	Resin	Oil	In vivo	PTZ,	Essential	IP	30,	Phenoba	Percentag	Acute	Dose-dependent and	Shareef et
	resinifera						MES	oil		100,	rbitone	e of	toxicity:	significant increase of the	al., 2013
	Roth									300		protection	LD 50	latency of seizures and
										mg/kg		against	> 5	percentage of seizures on PTZ
												seizures,	ml/kg	model. Increase of the latency
												duration,		and decrease of recovery time
												latency of		on MES model.
												seizures,		Protection against mortality.
												recovery		Effect increasing convulsive
												time and		threshold and by blocking the
												mortality		propagation of seizures by
														GABAergic system.

  AMPA: alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid, GABA: gamma-aminobutyric acid, HEK: human embryonic kidney, INH: isoniazid, IP: intra peritoneal, MES: maximal electroshock seizure, MTLE: mesial temporal lobe epilepsy, NMDA: N-Methyl-D-Aspartate, PO: per os, PTZ: pentenyltetrazole, STN: strychnine, VPA: valproic acid

	Species	Family	Coun	Part of	Prepa-	Type	Name of	Extract Adminis-	Doses	Gold	Observed	Toxi-	Results	Reference
	a cordifolia (Schuma ch. & Thonn.) Müll.Arg. Balanites aegyptia ca (L.) Delile Burkea africana Hook. Bridelia ferrugine a Benth. Ozoroa insignis Delile Pseudoc edrela kotschyi (Schwein f.) Harms Terminali a macropt era Guill. & Perr. Pteleopsi s suberosa Engl. & Diels Guiera senegale Lannea nsis J.F.Gmel Psorosp ermum senegale nse Spach Fluegge a virosa (Roxb. ex Willd.) Royle Species Rhoicissus Euphorbiac eae Zygophylla ceae Cesalpinac eae Euphorbiac eae Anacardiac eae Meliaceae Combretac eae Combretac eae Anacardiac Combretac eae Hypericace ae Phyllantha ceae Family tridentata (L.f.) Wild & R.B.Drumm Anacardia Mali Nigeri -tries Leaves Bark Leaves Bark Leaves Roots Roots Leaves Stem -Roots Leaves specie Coun-Part of ceae South Africa Leaves tries specie Rhus rehmananni ana Engl. Anacardia ceae Leaves Hoslundia opposita Vahl Lamiaceae Leaves Clausena anisata (Willd.) Hook.f. ex Benth. Rutaceae Roots Leonotis leonurus (L.) R.Br. Lamiaceae Roots Leonotis leonurus (L.) R.Br. Lamiaceae Bulb Dorstenia arifolia Lam. Moraceae Brazil Rhizom e Spondias mombin L. Anacardia ceae Nigeri a Leaves Searsia dentata (Thunb.) F.A.Barkl ey Anacardiac eae South Africa Leaves Species Family Coun Part of Species Family Coun-Part of -tries specie tries specie Searsia pyroides (Burch.) Moffett Anacardiac eae Gladiolus dalenii Van Geel Iridaceae Camer oun -Searsia dentate (Thunb.) F.A.Barkle y Anacardiac eae South Africa Leaves Searsia pyroides (Burch.) Moffett Anacardiac eae Acanthus montanus (Nees) T.Anderso n Acanthace ae Came roun Leaves Alchornea laxiflora (Benth.) Pax & K.Hoffm. Euphorbiac eae Hyptis Lamiaceae Species Family Coun-tries Part of specie Ficus Moraceae Nigeria Bark platyphyll Carissa spinarum L. Apocynace ae Nigeria Roots a Delile Solanum torvum Sw. Solanacea e Philippines Aerial parts Telfairia Cucurbitac Nigeria Leaves occidenta eae lis spicigera Hook.f. Lam. Mitragyn a Africana (Willd.) Korth. Rubiaceae Nigeria Bark of stem Microgloss a pyrifolia Composita e (Lam.) Kuntze Bauhinia reticulata Cesalpinac eae DC. Voacanga Apocynace africana ae Scott-Elliot Stapf ex AE: anti-epileptic,	-Prepa-In vitro & in vivo -In vivo ration way of potentials Recordin g of electrical between cortical part and callosum and benzodia zepine receptor-specific binding test (9 first plants) AND PTZ for 2 last PTZ, models models Ethanol ic Ethanolic PO (PTZ) tration 200, 800, 1600 mg/kg (PTZ) IP Type of Name of Extracts Adminis--In vitro & in vivo Binding to GABA receptor / Binding to GABA receptor / PTZ and binding to GABA receptor / Binding to GABA receptor / PTZ, picrotoxine , NMDA, bicuculline and binding to GABA receptor / Binding to GABA receptor Ethanol ic -ration models models tration way Ethanol ic Ethanol ic Ethanol ic Aqueou s and ethanoli c Ethanol ic -In vivo PTZ Methan olic IP -In vivo STN, picrotoxine Ethanol ic, methan olic, aqueou s IP -In vitro Antagonist effect on NMDA receptors Ethanolic -Prepa-Type of Name of Extracts Adminis-Prepa-Type Name Ext-Admini-Dose ration models models tration ration of of racts stration s Macerati on In vitro & in vivo GABA concentrati on in the brain, PTZ, MES Lyophiliz ed and aqueous extract PO way -In vitro Binding to NMDA and AMPA receptors Ethanolic -Decoctio n In vivo MES, PTZ, NMDA, INH, Pilocarpi ne, STN Aqueous PO & IP mg/kg / 80 and Doses -0,001, 0,01, 0,1, 1, 10 mg/ml 10, 30, 50 mg/kg 25, 50, 100 mg/kg 0,1 mg/ml Doses Gold standard standard Electrical potentials and binding to benzodiaz epin receptor VPA Percentage -stan-criteria Gold Observed city Alchornea cordifolia : binding to benzodiazepin receptor Balanites aegyptiaca : Dose dependent inhibition of spontaneous epileptiform discharges but no benzodiazepin receptor binding Burkea africana : binding to benzodiazepin receptor Bridelia ferruginea : Dose dependent inhibition of spontaneous epileptiform discharges with benzodiazepine receptor binding Ozoroa insignis : binding to benzodiazepine receptor Pseudocedrela kotschyi : binding to benzodiazepin receptor Terminalia macroptera : Dose dependent inhibition of spontaneous epileptiform discharges with benzodiazepine receptor binding Pteleopsis suberosa : idem than Terminalia macroptera Guiera senegalensis : idem than Terminalia macroptera Psorospermum senegalense : The greatest in vitro activity (dose dependent inhibition of spontaneous epileptiform discharges with benzodiazepine receptor binding) -No activity on seizures induced by PTZ Flueggea virosa : idem than Psorospermum senegalense LD 50: Significant protective Toxicity Results dard -Percentage of binding to receptor GABA A and protection against seizures -Rhoicissus tridentate : Binding at 96 % Rhus rehmananniana : Binding at 96 % Hoslundia opposite : Binding at 95 % and 60 % of protection against seizures Clausena anisate : Binding at 91 % Leonotis leonurus : 110 % of protection against seizures on PTZ, picrotoxine, NMDA and not bicuculline Leonotis leonurus: Binding at 107 % standard criteria Phen obarb ital Percentage of protection against seizures, latency, duration and mortality -Dose dependent protective effect, reduction of the mortality, increase of the latency but no effect on the duration of seizures Phen obarb ital Percentage of protection against seizures LD 50 methan olic: 1,1 g/kg et ethanoli c: 480 mg/kg Protective effect on picrotoxine model for ethanolic extract, no effect on STN model and no effect of the aqueous extract -Binding to NMDA receptors -Dose-dependent and specific Gold Observed Toxicity Results Observed Toxicity Results criteria criteria reduction of the NMDA membrane currents of cerebral granular neurons 150, 1000 mg/kg Clonazepa m, diazepam Concentrat ion measure of intra-cerebral GABA, flumazenil inhibition test, percentage of protection against seizures High LD 50: 9332 mg/kg. No toxic effect. Protective effect (100 % against seizures induced by PTZ and 83.3 % with seizures induced by MES). Anti-convulsant effect antagonized by flumazenil. Increase concentration dependent of the GABA level : action on tonic-clonic --Spontaneou s epileptiform discharge and binding to NMDA and AMPA receptors -Dose dependent inhibition of spontaneous epileptiform discharge. Inhibition of the depolarization induced by Risa et al., Pedersen et al., 2009 Garba et Reference 2004 Zapata-Sudo et al., 2010 Ayoka et al., 2006 Marchetti Reference Reference et al., 2011 Ngoupaye et al., 2013 NMDA and not AMPA Pedersen et al., 2008 100, to 1000 12 to 120 mg/kg / 16 to 160 mg/kg 33 to 260 Clonazep am, diazepa m Percentage of protection against seizures and latency -Acanthus montanus: Protective effect on all models except for NMDA Alchornea laxiflora: Protective effect on NMDA (100%) and STN (75%) Hyptis spicigera: Protective effect on PTZ (87.5%) and STN (100%) Microglossa pyrifolia: Bum et al., 2009 Prepa-ration way Type of Name of models Extracts Administ ration Doses Gold Observed criteria Toxicity Results way models models Reference -In vivo PTZ, Methan IP 200, Phenoba Locomotor LD50 > 5000 Reduction of the locomotor Chindo et standard pilocarp olic 400 rbitone activity, mg/kg activity, no significant effect al., 2014 models -In vivo PTZ, Pilocarpine , NMDA, aminophylli ne, INH, STN, HEK embryonal cells Ethanolic IP 150, 300, 600 mg/kg VPA Observation of clonic spasms, latency prolongation and onset of seizures, abolition of clonic LD 50: 2222.61 mg/kg Significant protective ine, mg/kg latency and on latency and sleep Ya'u et al.; INH, duration of duration, no effect on motor 2015 STN, sleep, motor coordination. effect on aminop coordination, PTZ: Protection dose dep / PTZ and hylline, protection MES: No protection / PCT: aminophylli MES against tonic-protection against myoclonic ne models clonic, tonic and tonic attacks and extension, 360° and myoclonic mortality / INH: no protection circles of the seizures, but increases the latency of animal, myoclonic mortality seizures / STN: seizures and seizures, mortality Aqueous decoction In vivo PTZ, Pilocarpine , NMDA, Aqueous and PO & IP 280 µmol/L -Reduction of the movements -Activity on PTZ model mortality dependent dose Challal et protection / aminophylline: al., 2014 protection against mortality methanolic but no protection against aminophylli seizures ne, INH, -In vivo INH, Hydro-PO 25, Diazepa Mortality, LD 50 IP: Reduction of the duration Akindele et STN, HEK STN ethanoli 50, m duration and 3162.28 and increase of the latency al., 2013 cells c 100, latency of mg/kg and of seizures on STN model. generalized mg/kg High protective effect on 200, seizures decreased No effect on latency and seizures (via GABA 10 to all models, more 400, locomotion, duration but decrease the A transmission) and 100 moderated on STN (50%) 800 loss of mortality on INH model idiopathic generalized seizures (via inactivation of sodium channels) -In vivo STN Methanol ic IP 400 mg/kg -Percentag e of protection against seizures and latency LD 50 not determin able because Protection at 40 % against seizures & increase of 77 % of Aji et al., 2001 mg/kg 14 to 140 mg/kg Bauhinia reticulate: Protective effect on NMDA (100%), PTZ (32.5%), STN (75%) Voacanga africana: Protective effect on all models except for PIC mg/kg pupillary reflexes and breathing frequency. LD 50 PO: 10g/kg. No mortality or signs of the latency of toxicity. seizures no mortality
	barteri	eae	a				STN,		160		of protection	565,7	effect on all models	al., 2015
	(Oliv.)						Pilocarpi		mg/kg		against	mg/kg	except for MES	
	Engl.						ne, MES				seizures and			
											latency			

Table 8 . Prevalence of epilepsy related to number of plant use reports by country Country Number of use reports Prevalence Reference
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