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Objective: Aqueous extracts of Anacyclus pyrethrum (AEAPR) are used in traditional medicine to treat epilepsy, but whether they have antiseizure properties has not been established. Since extracts of the plant have antioxidant properties, we hypothesized that it may be particularly potent in conditions associated with oxidative stress, in particular social isolation.

Methods: We addressed these objectives in the pilocarpine experimental model of epilepsy using socially isolated rats maintaining contacts with (handled) and without (unhandled) positive handling strategy. Both groups were further divided in treated (AEAPR was added to the drinking water) and untreated groups. Continuous (24/7) EEG recordings started in the sixth week after SE with a pre-drug control period of 3 weeks, followed by 3 weeks of daily treatment with AEAPR or water, and finally a post-drug control period of 3 weeks. At the end of the experimental procedure, we measured lipid peroxidation, superoxide dismutase (SOD), glutathione peroxidase (GPx) and catalase activities in the hippocampus to assess oxidative stress.

Results: AEAPR treatment significantly reduced seizure frequency by 51% and 57%, duration by 30% and 33%, and severity by 31% and 26% in isolated handled and unhandled rats, respectively. The beneficial effects on seizures were still present 3 weeks after the end of the treatment. The treatment reduced in lipid peroxidation as well as SOD, GPx and catalase activities.

Significance: We conclude that Anacyclus pyrethrum has antiseizure and antioxidant properties, even in social isolation conditions.

Introduction

Treating epilepsy in patients with little or no access to antiseizure drugs for economic reasons remains an unmet need. Traditional medicine has identified numerous plants with potential antiseizure properties 1-2 . Although herbal medicines have been extensively tested in acute models of epilepsy 2 , validations in chronic models with spontaneous recurrent seizures are lacking. Anacyclus pyrethrum (L.) Link (Asteraceae) is a native plant of North Africa 3 . Its root is used in Moroccan traditional medicine [START_REF] Bellakhdar | La Pharmacopée Marocaine Traditionnelle : Médecine arabe ancienne et savoirs populaires[END_REF] , in particular for epilepsy [START_REF] Khare | Indian herbal remedies: rational Western therapy, ayurvedic, and other traditional usage[END_REF] . Plant extracts of Anacyclus pyrethrum have been tested on provoked seizures in control animals 6-7-8-9 , but not in chronic models, which constitutes a necessary validation step [START_REF] Löscher | Modern antiepileptic drug development has failed to deliver: Ways out of the current dilemma[END_REF][START_REF] Galanopoulou | Identification of new epilepsy treatments: issues in preclinical methodology[END_REF] . Our goal was to test the antiseizure effect of Anacyclus pyrethrum in the pilocarpine rat model of epilepsy.

In many countries, patients with epilepsy are ostracized, often resulting in social isolation, a highly stressful situation, which could worsen the phenotype. The relationship between stress and epilepsy has been clearly established [START_REF] Fisher | The impact of epilepsy from the patient's perspectiveI. Descriptions and subjective perceptions[END_REF][START_REF] Nakken | Which seizureprecipitating factors do patients with epilepsy most frequently report?[END_REF] . Stressful situations can increase seizure probability, and the uncertainty regarding seizure occurrence can be lived as a highly stressful situation in patients [START_REF] Baldin | Stress is associated with an increased risk of recurrent seizures in adults[END_REF][START_REF] Kotwas | Stress regulation in drug-resistant epilepsy[END_REF] . Social isolation leads to a reduced seizure threshold in control animals [START_REF] Matsumoto | Long-term social isolation enhances picrotoxin seizure susceptibility in mice: up-regulatory role of endogenous brain allopregnanolone in GABAergic systems[END_REF][START_REF] Chadda | Sex differences in effects of mild chronic stress on seizure risk and GABAA receptors in rats[END_REF] and produces a very severe phenotype in rodents with chronic epilepsy [START_REF] Manouze | Effects of single cage housing on stress, cognitive, and seizure parameters in the rat and mouse pilocarpine models of epilepsy[END_REF] . Since stressful situations, which may explain a more severe phenotype [START_REF] Becker | Predicting and treating stress-induced vulnerability to epilepsy and depression[END_REF][START_REF] Becker | Antioxidant treatment after epileptogenesis onset prevents comorbidities in rats sensitized by a past stressful event[END_REF] , are consistently associated with oxidative stress [START_REF] Jiang | Social isolation exacerbates schizophrenia-like phenotypes via oxidative stress in cortical interneurons[END_REF][START_REF] Haj-Mirzaian | Attenuation of oxidative and nitrosative stress in cortical area associates with antidepressant-like effects of tropisetron in male mice following social isolation stress[END_REF] and inflammation [START_REF] Rohleder | Stimulation of systemic low-grade inflammation by psychosocial stress[END_REF][START_REF] Calcia | Stress and neuroinflammation: a systematicreview of the effects of stress on microglia and the implications for mental illness[END_REF] , and since extracts of Anacyclus pyrethrum have established anti-inflammatory [START_REF] Manouze | Anti-inflammatory, antinociceptive, and antioxidant activities of methanol and aqueous extracts of Anacyclus pyrethrum roots[END_REF] and antioxidant properties [START_REF] Manouze | Anti-inflammatory, antinociceptive, and antioxidant activities of methanol and aqueous extracts of Anacyclus pyrethrum roots[END_REF][START_REF] Cherrat | Polyphenols content and evaluation of antioxidant activity of Anacyclus pyrethrum (L.) Lag. from Timahdite a Moroccan Middle Atlas region[END_REF] , we also tested whether the efficacy of the plant extracts was similar in experimental epilepsy in socially isolated rats with or without positive handling strategy. Since it is not practical to perform video/EEG recordings of individual rodents living in colony, we used positive handling as an approximation of social contact. Positive handling has similar beneficial effects on seizure severity as housing rats in pairs [START_REF] Manouze | Effects of single cage housing on stress, cognitive, and seizure parameters in the rat and mouse pilocarpine models of epilepsy[END_REF] .

We report that the aqueous extract of Anacyclus pyrethrum (AEAPR) has long-term effects on seizures frequency, duration and severity in both groups of animals. We also find that the treatment attenuates the oxidative stress response.

Materials and Methods

Animals

The procedures are extensively described in the supplementary information. The experimental protocol is shown in Supp Fig. 1A.

Plant Material

Anacyclus pyrethrum (L.) Link (Asteraceae) was collected in Morocco.

Extracts Preparation

The aqueous extract was prepared as described [START_REF] Manouze | Anti-inflammatory, antinociceptive, and antioxidant activities of methanol and aqueous extracts of Anacyclus pyrethrum roots[END_REF] . In brief, the roots were separated from the aerial parts, ground to a fine powder, macerated, and centrifuged. The supernatant was lyophilized and stored until experimental use.

Experimental groups

Animals were randomly divided into two groups:

-Unhandled condition (UC): rats were singly housed and were not handled during the experimental period except for cage cleaning and body weight measurement once a week.

-Handled condition (HC): rats were singly housed and were handled daily until the end of experiment.

Treatment with aqueous extract of Anacyclus pyrethrum

Rats were further randomly assigned to a control group receiving tap water (pilo + veh) and a treated group (pilo + AEAPR), Supp Table 1. The AEAPR was diluted in the drinking water at a concentration of 10 g/L. The baseline seizure frequency was determined over a 21 days period (pre-drug control). Then, the rats received AEAPR in drinking water ad libitum over a 21 days period, followed by a post-drug control period of 21 days.

Status epilepticus induction and electrode implantation

The procedure of pilocarpine-induced status epilepticus (SE) and the telemetry implant surgery were described previously [START_REF] Manouze | Effects of single cage housing on stress, cognitive, and seizure parameters in the rat and mouse pilocarpine models of epilepsy[END_REF] .

Monitoring of spontaneous recurrent seizures

Spontaneous recurrent seizures (SRS) were detected as described [START_REF] Manouze | Effects of single cage housing on stress, cognitive, and seizure parameters in the rat and mouse pilocarpine models of epilepsy[END_REF] . Continuous (24/7) video-EEG recordings started five weeks following SE.

Biochemical analysis

For the biochemical analysis we also included two groups of control (non-pilo) handled and unhandled animals. Control animals were not exposed to the plant extract and were not implanted with the telemetry probe, but they followed the same timeline as in Supp Fig. 1A.

Statistical analysis

The effect on body weight and water consumption was measured using ANOVA with repeated measures followed by Tukey post hoc analysis using GraphPad Prism 8 software.

For estimation based on confidence intervals (CIs), we directly introduced the raw data in https://www.estimationstats.com/ and downloaded the results and graphs. The mean difference for two comparisons is shown with Cumming estimation plot. Mean differences are depicted as dots; [95.0%CIs are indicated by the ends of the vertical error bars]. To measure the effect size, we used unbiased Cohen's d (also known as standardized mean difference). We also provide p value(s) the likelihood(s) of observing the effect size(s), if the null hypothesis of zero difference is true, using the test mentioned in the text.

Results

Effect of AEAPR treatment and housing conditions on water consumption and body weight

Although water consummation was constant during 9 weeks in the water-only groups, we noted an increase by 10% in the intake of AEAPR containing water in both unhandled (UC) and handled (HC) conditions, likely due to the presence of sugars in the plant extract [START_REF] Subasri | Screening of phytochemical compounds, trace metals and antimicrobial activity of Anacycluspyrethrum[END_REF] . At the end of the treatment, water consumption returned to baseline levels (Supp Fig. 1B, Supp Table 2). Whether handled or not, treated or not, all animals gained weight in a similar manner (Supp Fig. 1C, Supp Table 2).

Individual variability and group assignment

Supp Fig. 2 shows typical examples of seizures recorded in the different experimental groups at different time points. To rigorously demonstrate the efficiency of a treatment, the baseline, pre-treatment period (3 weeks here) should be stable. Supp Fig. 3A shows the distribution of seizures per week in each individual rat. There is not enough data to evidence stability quantitatively. The data show the large inter and intra-individual variability in time (see discussion). During the AEAPR treatment period, we observed that almost each recorded rat displayed less seizure activity. There was a large decrease in frequency for all HC rats already during the first week of treatment (week 4), whilst the drop was clearly apparent during the last week of treatment (week 6) in UC rats. Three weeks following the end of the treatment, seizures remained decreased in most animals, in particular in the UC group.

We used week 3 as pretest baseline conditions. Seizure frequency was similar in AEAPR and water groups at week 3 in HC and UC (Supp Fig. 3B). Thus, the random assignment to treated and untreated groups did not induce a bias. There was notable diversity in seizure frequency within each group at week 3, but these differences were not predictive of the effect of AEAPR treatment at the end of the treatment (week 6) in HC (r = -0.19 [95.0%CI -0.79, 0.59], p = 0.66) and UC (r = -0.38 [95.0%CI -0.86, 0.45], p = 0.36). As previously noted [START_REF] Manouze | Effects of single cage housing on stress, cognitive, and seizure parameters in the rat and mouse pilocarpine models of epilepsy[END_REF] , there was a large variability in terms of seizure numbers and dynamics across time in each experimental group.

AEAPR treatment decreases seizure frequency in unhandled and handled rats

There was already a very significant reduction in seizure frequency by 62 ± 10% after oneweek treatment in HC (Table 1, Fig. 1A). The confidence intervals and the Cohen's d value demonstrate a large effect size of the AEAPR treatment. Seizure frequency remained decreased at week 6, with no difference between week 6 and week 4 (Table 1, Fig. 1A). The confidence intervals indicate a large variability in the dataset, compatible with a further decrease at week 6 and no further significant effect. This variability is due to the fact that three animals did not display any seizure during week 6 while two animals showed a slight increase in seizure frequency between week 3 and 6 (Fig. 1A).

In UC, a 28 ± 4% reduction was also apparent at week 4 (Table 1, Fig. 1B). At week 6, seizure frequency was further decreased to 57 ± 7% as compared to week 3 (Table 1, Fig. 1B).

As for HC, the confidence intervals and the Cohen's d value demonstrate a very large effect size of the AEAPR treatment. The decrease in seizure frequency was significant between week 4 and 6 (Table 1, Fig. 1B). The confidence intervals and the Cohen's d value also demonstrate a large effect size from week 4 to 6, suggesting that the treatment takes time to reach maximum efficiency in UC as compared to HC.

As previously reported [START_REF] Manouze | Effects of single cage housing on stress, cognitive, and seizure parameters in the rat and mouse pilocarpine models of epilepsy[END_REF] , UC produced a very severe phenotype with 28.6 ± 1.7 seizure/day as compared to 0.79 ± 0.13 in HC at week 3, unpaired mean -27.9 [95. 0%CI -31.8, -25.5] seizure/day, unpaired Cohen's d -8.39 [95.0%CI -15.3, -5.43], p < 0.0001 two-sided permutation t-test. Despite this very large difference during pre-test, the efficacy of AEAPR treatment was identical in both groups. The decrease in seizure frequency at week 6 was similar in HC (51%) and UC (57%); unpaired mean difference -6.42 [95.0%CI -61.8, 27.0] %, unpaired Cohen's d -0.14 [95.0%CI -1.3, 1.42], p = 0.776 two-sided permutation t-test.

AEAPR treatment decreases seizure duration in unhandled and handled rats

Since three rats had no seizures at week 6 in HC, the analysis of seizure duration and severity was done on five rats. AEAPR treatment produced a non-significant decrease by 21 ± 6% of seizure duration at week 4 (Table 1, Fig. 2A). Looking at individual values, we observed that the distribution is shifted by rat 3, for which the treatment had no effect at week 4. At week 6, seizure duration was decreased by 30 ± 2% with a very large effect size (Table 1, Fig. 2A).

There was no difference in decrease in seizure duration between week 6 and week 4 (Table 1).

AEAPR treatment decreased seizure duration in UC by 30 ± 4% at week 4 (Table 1, Fig. 2B). At week 6, seizure duration was decreased by 33 ± 3% (Table 1, Fig. 2B), with no difference as compared to week 4 (Table 1).

Seizure were longer in UC in pretest condition (week 3), 61.3 ± 0.9s as compared to 50.5 ± 3.7s in HC, unpaired mean difference -10.8 [95.0%CI -17.3, -4.0] s, unpaired Cohen's d -2.03 [95.0%CI -3.95, -0.626], p = 0.0022 two-sided permutation t-test. The decrease in seizure duration at week 6 was similar in handled and unhandled animals; unpaired mean difference 3.17 [95.0%CI -2.39, 10.2] %, unpaired Cohen's d 0.444 [95.0%CI -0.534, 1.63], p = 0.455 two-sided permutation t-test. Thus, after three weeks of exposure to AEAPR, the treatment had a similar effect on seizure duration in HC and UC. The effect size is very large in both groups.

AEAPR treatment decreases seizure severity in unhandled and handled rats

AEAPR treatment decreased seizure severity in HC by 26 ± 9% at week 4 (Table 1, Fig. 3A). At week 6, seizure severity was decreased by 31 ± 5% as compared to week 3 (Table 1, Fig. 3A), with no difference as compared to week 4 (Table 1).

AEAPR treatment decreased seizure severity in UC by 17 ± 3% (Table 1, Fig. 3B). At week 6, seizure duration was decreased by 26 ± 5% (Table 1, Fig. 3B), with no difference as compared to week 4 (Table 1).

Taking stage 5 seizures as reference, and merging stage 1 and 2 seizures, we found that the reduction in seizure duration did not depend upon seizure stage: the unpaired mean difference between type 5 and 4 seizures was 0.741 [95.0%CI -7.24, 12.7]%. The P value of the two-sided permutation t-test was 0.906. The unpaired mean difference between type 5 and 3 seizures was 

Lasting effects three weeks after the end of the treatment

We then assessed the lasting effects of AEAPR measured at week 9, three weeks after the cessation of the treatment. In HC, there was no difference with week 3 (Table 1, Fig. 1A). The large confidence intervals led us to look at individual data. We noted that Rat 3 maintained a rather constant seizure frequency of 0.8 ± 0.1 seizure/day over the 9 weeks (non-responder). In the other seven animals, the decrease in seizure frequency was still present at week 9, by 35 ± 9% as compared to week 3, paired mean difference -0.381 [95.0%CI -0.514, -0.271] seizure/day, paired Cohen's d -0.955 [95.0%CI -2.08, -0.592], p = 0.0122 two-sided permutation t-test; a large effect size based on the confidence intervals and the Cohen's d value.

Thus, apart from one animal, seizure frequency was still strongly reduced in HC, three weeks after the end of the treatment. The decrease in seizure duration was still present at week 9, by 39 ± 7% as compared to week 3 (Table 1, Fig. 2A); a large effect size. The decrease in seizure severity was also present at week 9, by 29 ± 6% (Table 1, Fig. 3A). Although Rat 3 did not show any reduction in seizure frequency, it showed a decrease in seizure duration and severity at week 9, as for the other animals.

In UC, at week 9, seizure frequency, duration and severity were still strongly decreased by 41 ± 12%, 21 ± 4%, and 17 ± 3%, respectively (Table 1, Fig. 1-3B).

The confidence intervals and the Cohen's d value demonstrate that the decrease in the three seizure parameters in both handled and unhandled conditions were still strongly present, with a large effect size, three weeks after the end of the treatment. The reduction was similar in HC and UC at week 9 for seizure frequency: unpaired mean difference -10.5 [95.0%CI -80.8, 29.2] %, p = 0.78 two-sided permutation t-test. The reduction was slightly stronger in HC for seizure duration: unpaired mean difference 18.6 [95.0%CI 2.14, 32.4] %, p = 0.0326 two-sided permutation t-test, and for seizure severity: unpaired mean difference 13.0 [95.0%CI 2.68, 28.1] %, p = 0.0422 two-sided permutation t-test, although the confidence intervals are compatible with moderate or negligible size effects.

The decrease at week 9 in treated animals was most likely due to a carry-over effect of the AEAPR treatment. As a comparison, in untreated animals, seizure parameters (frequency, duration, severity) were stable in average between week 9 and 3, or displayed an increasing trend (Supp Fig. 4).

Considering week 3 as baseline, Supp Fig. 5 shows how the different seizure parameters evolve in time in the HC and UC groups at week 6 and week 9 in AEAPR treated animals.

3.7.Effect of AEAPR treatment on oxidative stress in unhandled and handled rats

Single cage housing is highly stressful in mice and rats, increasing corticosterone and ACTH levels [START_REF] Chadda | Sex differences in effects of mild chronic stress on seizure risk and GABAA receptors in rats[END_REF] . Its effect on oxidative stress is not known. We started to study the impact of social isolation in control (non pilo) HC and UC rats on four markers of oxidative stress. The UC group showed increased MDA levels by 33% whilst GPx, SOD and catalase activities were not changed (Supp Fig. 6).

Epilepsy is associated with oxidative stress [START_REF] Patel | Targeting oxidative stress in central nervous system disorders[END_REF] . Accordingly, we found that oxidative stress markers were largely increased in pilo untreated rats as compared to controls, independently of housing conditions. The MDA levels were increased by 232% and 244% in HC and UC, respectively, with large size effects (Supp Fig. 7A). Three weeks following the end of AEAPR treatment, there was a 54% and 50% reduction in MDA levels with a very large effect size as compared to the untreated groups in HC and UC, respectively (Fig. 4A). The Cohen's d values were similar in HC and UC, showing that the treatment had similar effects in both groups.

However, the MDA levels remained significantly increased as compared to the control group.

(Fig. 4A).

The epilepsy condition had a very large effect size on SOD activity in both HC and UC (Supp Fig. 7B). The treatment strongly decreased SOD activity in HC, but its effect was compatible with moderate or negligible size for UC (Fig. 4B). Interestingly, SOD activity was back to the levels measured in control animals in both housing conditions (Fig. 4B).

The epilepsy condition also had large size effects on GPx activity (Supp Fig. 7C). GPx activity 3 weeks after the end of the treatment was decreased as compared to the untreated group, but the confidence intervals were compatible with small or negligeable effect (Fig. 5A).

GPx activity in the treated group remained higher than in control animals (Fig. 5A).

The epilepsy condition also had strong effects on catalase activity in both HC and UC (Supp Fig. 7D). Catalase activity 3 weeks after the end of the treatment was decreased as compared to the untreated group, but the confidence intervals were compatible with small or negligeable effect (Fig. 5B). However, catalase activity was back to control levels in HC and UC (Fig. 5B).

Relationship between oxidative stress and seizure frequency

We then investigated whether there was a relationship between seizure frequency and oxidative stress markers. Combining values measured in unhandled untreated and treated rats, we found a strong linear relationship between seizure frequency measured at week 9 for MDA, r = 0.93 [95.0%CI 0.65, 0.99], p = 0.001; GPx, r = 0.89 [95.0%CI 0.51, 0.98], p = 0.003; and catalase, r = 0.96 [95.0%CI 0.8, 0.99], p < 0.0001 (Fig. 6). The relationship for SOD was weak, r = 0.67 [95.0%CI -0.1, 0.9], p = 0.065 (Fig. 6), which may be due to the presence of an outlier.

The same analysis performed in handled animals did not lead to any significant relationship with any of the markers, which may be due to the very low seizure frequency in this group (see discussion).

Discussion

Here we report that AEAPR administrated in drinking water ad libitum over a 21 day period has strong antiseizure effects, reducing seizure frequency, duration and severity in both handled and unhandled conditions. Importantly, these effects persisted three weeks after the end of the treatment.

We tested AEAPR in one species, one strain and one model. It would be important to replicate these results in other experimental models, as phenotypes can vary between models [START_REF] Inostroza | Hippocampaldependent spatial memory in the water maze is preserved in an experimental model of temporal lobe epilepsy in rats[END_REF] .

In untreated animals, seizure frequency clearly increased in one animal in HC, and all animals in UC towards the end of the recording period, suggesting that the severity of the phenotype continues to increase in some animals (Supp Fig. 3 &4). A similar trend was found in a minority of treated HC and UC animals. The treatment may have just slowed down the natural worsening of the phenotype, underlying the importance to study the dynamics of the seizure phenotype in individual animals.

The three periods of three week-long recordings did not allow a proper quantification of circadian/multidien seizure rhythmicity [START_REF] Baud | Endogenous multidien rhythm of epilepsy in rats[END_REF] . The presence of the multidien rhythmicity prevented us to use a cross-over design, as the cross-over should have been done after 6 weeks of treatment (the time necessary to establish the multidien rhythm), making it a total of 18 weeks of continuous recordings for each animal, which was not practically doable.

On average, the treatment had very large size effects in both HC and UC on seizure frequency, duration and severity. Interestingly, the magnitude of the effect was similar in HC and UC, indicating that the treatment was also efficient in the very stressful situation of unhandled social isolation. Recording animals in colonies to maintain social contacts was not doable. Although daily handling cannot compare with social interaction with conspecifics, it considerably decreases stress levels and the epilepsy phenotype, to the same extent as when animals are housed in pairs [START_REF] Manouze | Effects of single cage housing on stress, cognitive, and seizure parameters in the rat and mouse pilocarpine models of epilepsy[END_REF] . Stress induced by lack of interaction and epilepsy act as independent variables, perhaps adding non-linearly to the phenotype [START_REF] Manouze | Effects of single cage housing on stress, cognitive, and seizure parameters in the rat and mouse pilocarpine models of epilepsy[END_REF] . It is therefore remarkable that the extract was so potent in unhandled conditions. Importantly, two HC animals did not display any seizure activity even three weeks after the end of the treatment, indicating that seizure control may be achieved when the epilepsy phenotype is not too severe. Surprisingly, the plant extract had a carry-over effect, which has already been reported for valproate, a classical anticonvulsant drug [START_REF] Löscher | Comparison of anticonvulsant efficacy of valproate during prolonged treatment with one and three daily doses or continuous ("controlled release") administration in a model of generalized seizures in rats[END_REF] . The mechanisms underlying such long-lasting effects remain to be investigated.

Traditional Moroccan already makes uses of AEAPR for epilepsy. The present experimental work provides experimental evidence for antiseizure properties, justifying a proper clinical trial. Although a toxicity study is lacking in humans, no apparent deleterious effect has been found in animals [START_REF] Sujith | Toxicological evaluation of ethanolic extract of Anacyclus pyrethrum in albino Wistar rats[END_REF][START_REF] Kumar | Acute oral toxicity studies of Anacyclus pyrethrum DC root in albino rats[END_REF] . Several mechanisms of action related to the phytochemical compounds identified in Anacyclus pyrethrum could be linked to the observed action. AEAPR includes: flavonoids [START_REF] Manouze | Anti-inflammatory, antinociceptive, and antioxidant activities of methanol and aqueous extracts of Anacyclus pyrethrum roots[END_REF] , structurally similar to benzodiazepines [START_REF] Choudhary | Antiepileptic potential of flavonoids fraction from the leaves of Anisomeles Malabarica[END_REF] , polyphenolic compounds such as chlorogenic acid [START_REF] Kalim | Oxidative DNA damage preventive activity and antioxidant potential of plants used in Unani system of medicine[END_REF] that can act on glutamate receptors [START_REF] Aseervatham | Expression pattern of NMDA receptors reveals antiepileptic potential of apigenin 8-Cglucoside and chlorogenic acid in pilocarpine induced epileptic mice[END_REF] , and sesamin that can modulate GABAergic, Na + and Ca2 + channels 37 , as well as eugenol, an aromatic terpene compound 8 , which positively modulates GABAa receptors [START_REF] Silva | Effects of isopulegolon pentylenetetrazol-induced convulsions in mice: possible involvement of GABAergic system and antioxidant activity[END_REF] and down regulates Na + currents 39 . Finally, the antiseizure effect may involve the anti-inflammatory activity of AEAPR [START_REF] Manouze | Anti-inflammatory, antinociceptive, and antioxidant activities of methanol and aqueous extracts of Anacyclus pyrethrum roots[END_REF] , since inflammation constitutes a key mechanism in the pathophysiology of seizures and epilepsy [START_REF] Choi | Cellular injury and neuroinflammation in children with chronic intractable epilepsy[END_REF][START_REF] Vezzani | The role of inflammation in epilepsy[END_REF] . At present, it is not possible to identify which compounds of the plant exert an antiseizure effect.

Another important effect of the treatment is its antioxidant action. We confirmed the increase in enzyme antioxidant activities (i.e., CAT, SOD, and GPx) found after pilocarpine treatment [START_REF] Tejada | Antioxidant response and oxidative damage in brain cortex after high dose of pilocarpine[END_REF] . SOD and CAT are responsible of the clearance of superoxide anion and of H2O2, respectively, which is central for neuronal function [START_REF] Bellissimo | Superoxide dismutase, glutathione peroxidase activities and the hydroperoxide concentration are modified in the hippocampus of epileptic rats[END_REF][START_REF] Pazdernik | Soman induced seizures: limbic activity, oxidative stress and neuroprotective proteins[END_REF] . However, in the pilocarpine model the redox balance is affected by an increased ROS production or by a decrease in cellular antioxidant defenses [START_REF] Freitas | Oxidative stress in the hippocampus after pilocarpine-induced status epilepticus in Wistar rats[END_REF][46] . Interestingly, we found a linear relationship between MDA, CAT, SOD, and GPx levels and seizure frequency in the UC only. Since all four parameters increased in the pilo HC independently from seizure frequency, we suggest that the "epilepsy" condition is associated to a general (basal) state of oxidative stress, independently from seizure frequency if the latter remains low. In UC, with the addition of social isolation-induced changes, oxidative stress is largely increased and becomes remarkably proportional to seizure frequency. The fact that MDA levels and GPx activity increase in UC as compared to HC in control (non-epileptic) animals directly supports the proposal that social isolation acts an independent variable. Despite these differences between UC and HC, the treatment decreased oxidative stress in both UC and HC, although the latter was measured three weeks after the end of the treatment. Interestingly, CAT levels returned to control levels in treated pilo animals in HC and UC. These effects are consistent with the antioxidant properties of AEAPR 7-25 , in particular the scavenging properties for the free radicals DPPH • , ABTS •+ , NO • , OH • , O2 .-and ONOO .-35 . The antiseizure effects could also partly due to the antioxidant properties of the plant. Since antioxidant and antiinflammatory treatments are disease modifiers following status epilepticus 47-48 , it would be interesting to test the effects of the plant on epileptogenesis itself.

Conclusion

The present study demonstrates strong antiseizure properties of AEAPR in both handled and unhandled conditions, which persist three weeks after the end of the treatment. Our results justify a proper clinical trial, given the fact that the extract of the plant is already used in traditional medicine for epilepsy. This pharmacological approach may be relevant to patients with epilepsy who cannot afford antiseizure drugs. unhandled rats (B). Seizure duration was decreased in both HC and UC at the first week (week 15 4) and the last of AEAPR treatment week (week 6) as compared to week 3. Note that the 16 analysis was done on five rats in HC (three rats had no seizures at week 6). The decrease in 17 seizure duration was still present at week 9 in both HC and UC. 
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 2 22 [95.0%CI -10.4, 4.71]%. The P value of the two-sided permutation t-test was 0.748. The unpaired mean difference between type 5 and 1/2 seizures was -0.378 [95.0%CI -7.76, 6.06]%.The P value of the two-sided permutation t-test was 0.921.Seizures were more severe in pretest condition (week 3) in UC: 4.9 ± 0.1 as compared to 4.3 ± 0.1 in HC, unpaired mean difference 0.554 [95.0%CI 0.304, 0.846], unpaired Cohen's d 2.41 [95.0%CI 1.23, 3.74], p = 0.0006 two-sided permutation t-test. The decrease in seizure severity at week 6 was similar in HC and UC; unpaired mean difference 4.54 [95.0%CI -8.49, 18.5] %, unpaired Cohen's d 0.337 [95.0%CI -0.838, 1.72], p = 0.567 two-sided permutation ttest. Thus, after three weeks of exposure to AEAPR, the treatment had a similar large size effect in decreasing seizure severity in handled and unhandled conditions.
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seizure frequency value were not correlated (p = 0.065). Treated animals displayed a downward 74 shift with lower oxidative stress levels and seizure frequency. 75