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METHODS
Animals and test substances

[bookmark: _GoBack]All experiments (Section 2) were performed at the U.S. National Institute of Neurological Disorders and Stroke (NINDS) Epilepsy Therapy Screening Program contract site at the University of Utah. All work was approved by the University of Utah Institutional Animal Care and Use Committee. Male albino CF-1 mice (18-25 g, ~4-5 weeks old; Charles River, Kingston, NY) and male albino Sprague-Dawley rats (strain code: CD IGS; 100-150 g, ~5-6 weeks old; Charles River, Raleigh, NC) were used as experimental animals. All animals were allowed free access to food (autoclaved Prolab RMH 3000) and water, except during the experimental procedure. Except for the corneal kindled mouse, animals were used once. CBD was supplied by GW Pharmaceuticals Ltd., Cambridge, UK. 
All experiments (Section 3-4) conducted at the University of Reading were performed under license (70/7672) UK Home Office regulations (Animals Scientific Procedures Act, 1986) and approved by the Animal Welfare and Ethical review board at the University of Reading. The animals were maintained in room with a 12h:12h dark:light cycle at 21°C and humidity of 50±10 %, with ad libitum access to food and water throughout the study period. Male Wistar rats (70-110 g; 3-4 weeks old; Harlan Envigo, UK) were used for status epilepticus (SE) induction in the pilocarpine-induced SE model (Section 3). For this study, CBD (batch no ZP07/129F) and its vehicle (batch no ZP07/129H) were supplied by GW Pharmaceuticals Ltd., Cambridge, UK. Similarly, male Wistar rats (>70 g; 3-4 weeks old; Harlan Envigo, UK) were used for the experiments conducted in the Reduced Intensity Status Epilepticus-Spontaneous Recurrent Seizure (RISE-SRS) model of chronic temporal lobe epilepsy (TLE; Section 4). RISE was induced in these rats (70-110 g; 3-4 weeks old) as per the method described by Modebadze et al1 followed by an initial recovery and epileptogenesis period.  The animals were confirmed as epileptic by either visual observation of bilateral seizure (Racine scale ≥3) or a total score ≥10 (using touch X pick up scores) in four consecutive post-seizure behavioral battery (PSBB) tests, as previously described1.  However, only animals that were classified as epileptic within 4-8 weeks from the day of SE induction were used for the analysis of seizures and comorbidities in the RISE-SRS model to minimize any age-related variability (Figure 2A). For this study, CBD (Batch No. 6046727R) was supplied by GW Pharmaceuticals Ltd (Cambridge, UK). 
CBD effect in a battery of acute seizure models following intraperitoneal administration

In vivo antiseizure activity was established by electrical and chemoconvulsant seizure tests that have been described previously2; 3. The electrical tests used included the maximal electroshock seizure (MES) test, the 6 Hz psychomotor seizure test at 32 and 44 mA stimulation intensity, and the corneal kindled mouse test. The chemical test was the s.c. pentylenetetrazol (PTZ) test in mice. CBD was administered in a vehicle of 1:1:18 Cremaphor:ethanol:water. A vehicle-treated cohort of mice and rats were also tested to confirm absence of anticonvulsant activity of the formulation vehicle (Table 1). CBD was administered i.p. in a volume of 0.01 ml/g body weight in mice and 0.04 ml/10 g body weight in rats.
MES test and 6 Hz test

For the MES and 6 Hz tests, a drop of anesthetic/electrolyte solution (0.5% tetracaine hydrochloride in 0.9% saline) was applied to the eyes of each animal prior to placement of the corneal electrodes. The electrical stimulus in the MES test was 50 mA, 60 Hz, 0.2 sec for mice and 150 mA, 60 Hz, 0.2 sec for rats, and was delivered via corneal electrodes by an apparatus similar to that originally described by Woodbury and Davenport4. Mice and rats not displaying hindlimb tonic extension were considered protected.
The ability of the test substance to prevent seizures induced by 6 Hz corneal stimulation at two currents (32 mA, 44 mA; 3 sec duration each) in mice was evaluated. In mice, a current intensity of 22 mA is sufficient to evoke a seizure in 97% of the population tested (CC97)5. The 32 mA current stimulation is 1.5 times the CC97 and the 44 mA stimulation is 2 times the CC97. Typically, 6 Hz seizures are characterized by a minimal clonic phase that is followed by stereotyped, automatistic behaviors described originally as being similar to the aura of human patients with partial seizures5; 6. Animals not displaying this stereotyped behavior were considered protected.
Chemoconvulsant models of generalized seizures

The s.c. PTZ chemoconvulsant seizure test was conducted in mice with a dose of 85 mg/kg, dissolved in 0.9% saline and injected in a volume of 0.01 mL/g body weight. Animals were observed for at least 30 minutes for the presence or absence of a seizure. Absence of a 3-sec clonic episode was used as the endpoint for protection. 
Corneal kindled mouse model of focal seizures

Adult male CF-1 mice (18-25 g) were kindled to a criterion of 5 consecutive secondarily generalized seizures (Stage 4 or 5, as described by Racine7) according to the corneal kindling protocol previously described8; 9. Twice daily, a 0.5% tetracaine hydrochloride solution was applied to each eye and the optic nerve was stimulated through corneal electrodes (3 mA, 60 Hz, 3 seconds). Each twice daily stimulation session was separated by at least 4 hours. After receiving twice daily corneal stimulations, CF-1 mice typically reach the first Stage 5 seizure within approximately 10-14 days. Twice daily stimulations continued for each mouse until that animal had achieved the criterion of 5 consecutive Stage 5 seizures, whereby it was considered “fully kindled”. Fully kindled mice were then stimulated once every other day until all other mice within the group achieved the criterion of 5 consecutive Stage 5 seizures. 
Testing of CBD commenced at least 5-7 days after the last stimulation necessary to achieve kindling criterion. Quantitative differentiation studies were performed 1 hour after drug dosing (at the TPE). Mice displaying a seizure score < 3 were considered protected. Each corneal kindled mouse was allowed at least 3-4 days between tests to “washout” any investigational compound after testing. 
Minimal behavioral impairment tests

Minimal motor impairment (MMI) was identified in mice by the fixed-speed rotarod test10. When a mouse is placed on a 1-inch knurled rod that rotates at a speed of 6 r.p.m., the animal can maintain its equilibrium for long periods of time. The mouse was considered impaired if it fell off this rotating rod three times during a 1-minutes period3. In rats, MMI was visually determined by overt evidence of ataxia, abnormal gait, and stance3.
Determination of median Effective (ED50) or behavioral Toxic Dose (TD50)

Time of peak efficacy (TPE) of CBD was first established in n = 4 mice or rats for all acute seizure tests. All quantitative in vivo antiseizure/behavioral impairment studies were then conducted at the TPE of that seizure test (Table 1). For all acute seizure tests (MES, 6 Hz, scPTZ, corneal kindled mice), groups of at least n = 8 mice or rats were tested with various doses of CBD until at least 2 points were established between the limits of 100% protection or MMI and 0% protection or MMI. The dose of drug required to produce the desired endpoint in 50% of animals (ED50 or TD50) in each test, the 95% confidence interval, the slope of the regression line, and the S.E.M. of the slope were then calculated by Probit analysis11.
CBD effect in a pilocarpine-induced status epilepticus rat model following intravenous administration

To assess the effect of CBD on maximum seizure severity (MSS), either CBD (10 mg/kg; n=12; delivered as purified CBD 3 mg/mL in vehicle) or its vehicle (volume matched dose; n=15; Kolliphor HS 50 mg/mL + glycerol anhydrous 20 mg/mL + EDTA 1 mg/mL + ascorbic acid 2 mg/mL + monothioglycerol 2 mg/mL + water qs to 1 mL) were administered intravenously 1 hr before pilocarpine administration (380 mg/kg; i.p.) to male Wister rats. Further, for the demonstration of the validity of the protocol and tractability of this model, two other cohorts were administered either the prototype ASD, phenobarbital (PB; n=13; 30 mg/kg; Sigma-Aldrich, Poole, UK) or its vehicle (n=12, dose matched volume of 0.9% NaCl) 30 minutes before pilocarpine administration. Methylscopolamine, a muscarinic receptor antagonist (1 mg/kg; s.c.), was administered to all animals 45 minutes before pilocarpine administration to minimize peripheral side effects. 
Rat behaviors during SE were video monitored using closed-circuit television cameras attached to a PC running Zoneminder (v1.2.3; Triornis Ltd., Bristol, UK) software for up to 1 hr following pilocarpine administration. All surviving animals were euthanized by CO2 inhalation 1 hour following pilocarpine administration. Videos were monitored and scored using Observer XT software (Noldus, Wageningen, Netherlands) to determine MSS for each animal based upon a modified Racine scale as previously described12.
CBD effect in a RISE-SRS rat model of chronic temporal lobe epilepsy following oral administration

[bookmark: OLE_LINK1]To study the effect of CBD on seizure and associated comorbidities, 20 epileptic rats were randomly divided into two groups with 10 animals treated with 200 mg/kg CBD (Batch No. 6046727R) and 10 animals treated with vehicle (3.5% Kolliphor® HS, Sigma-Aldrich, Poole, UK). All drugs were administered in drinking water as epileptic animals in this model demonstrate spontaneous seizures with frequent handling, therefore oral drug/vehicle administration was preferred over any parenteral routes. 10 age-matched, vehicle-treated non-epileptic control (naïve) rats were also studied. The CBD-treated group was initially treated for 1 week with vehicle followed by 1 week with a titrating dose of CBD (Started with 50 mg/kg and increased 50 mg/kg in every 2 days) to reach the final dose of 200 mg/kg which is thereafter continued for 8 weeks until the end of all experiments (Figure 2A). In line with the CBD-treated group both the vehicle-treated groups (naïve/epileptic) were treated for 10 weeks with vehicle (Figure 2A).
Assessment of seizures

All epileptic animals were video monitored 24 hours a day for 7-week period (Figure 2A). Twenty CCTV cameras (TP-101BK, Topica, Taiwan) were established and connected to a PC, with video footage recorded using Zoneminder (v1.2.3; Triornis Ltd., Bristol, UK) software. Video footage obtained during the light phase (07:00 to 19:00) from initial 4 days (at the beginning of treatment; first bin) and final 4 days (before beginning of the behavioral experiments; final bin) were coded offline to analyze rat behavior. 
A blinded independent researcher was trained to identify and code convulsive behaviors using a modified Racine scale as previously described13. Scores of ≥ 3 were recorded and included in the results as these reflected clearly identifiable motor convulsion. Both the severity and frequency of seizures are equally important in estimating the seriousness of the disease, therefore seizure burden was calculated from the sum of all multiplied scores of severities and the corresponding frequencies (number of occurrences) during the observation period14. The seizure burden ratio was calculated from the seizure burden by using the formula: seizure burden ratio = (mean seizure burden in final bin) / (mean seizure burden in first bin). A higher seizure burden ratio therefore indicates a worsening of the disease over time.
Assessment of behavioral co-morbidities

Motor coordination

Motor coordination was assessed using an accelerating rotarod (Ugo Basile rotarod model 7750). In this task, each animal was placed on a rotating rotarod apparatus that linearly accelerated from 5 to 33 rpm over 5 minutes. Latency to fall from the rod (in seconds) was recorded, with a maximum score of 300 seconds. Each animal performed 3 trials (with an interval of 2 min between trials) and average latency to fall from the rod in these three trials was used for statistical analysis. The animals were habituated to the stationary rotarod for 2 min/day for two consecutive days before the test day.
Gait 

Effect of the disease/treatment on the cerebellar function was assessed by the gait pattern in foot print test. A non-toxic ink was used to mark the hind paws of the rats as they walked on white paper (100 cm × 10 cm) lining the floor of a transparent custom-made Plexiglas tunnel (100 ×10 ×10 cm) attached to a darkened box at its end. Animals were habituated to the runway and the equipment for two consecutive days before two trials on the 3rd day. Left and right stride length were measured by the distance between two successive ipsilateral foot prints, whereas the stride width was measured from the distance between one paw print with its contralateral stride length at right angle15. The first and last foot prints were not considered for evaluation15. The mean value of each parameter obtained from the two trials represents a biological replicate in statistical test.
Cognitive function

A hole-board apparatus made of Plexiglas (70×70×45 cm), mounted on a table of 72 cm above the floor level was used to assess the cognitive function of the animals. The apparatus consisted of equally spaced 16 holes on its floor each of 2.5 cm in diameter. In this experiment, each rat was placed in the center of the hole-board and allowed to freely explore the apparatus for 10 min. Four accessible baits (Cheerios®, Nestle) were kept in four holes, randomly selected for each animal, but kept constant across all test days. Olfactory cues were eliminated by placing inaccessible Cheerios® in all other holes. Prior to onset of testing, animals were habituated to the hole-board for four days (two days without bait to let the animals acclimatize to the test arena followed by two days with accessible bait in all the 16 holes to habituate the animals to the rules of the task). Animals were food deprived for 4-5 hours before tests to enhance motivation to complete the task. Testing was conducted on three consecutive days with animals performing five trials each day. Head dips were recorded by a video camera (Sony DCR-SX21E) for later analysis. A head dip was scored when the head was introduced into the holes at least to eye level of the rodent. Errors consisted of head-dipping a hole that was baited with an inaccessible Cheerio (reference-memory error; RME); or re-dipping a hole that had previously been baited (working-memory error; WME).
Statistical analysis
 	For the acute seizure tests, the dose of CBD required to produce the desired endpoint in 50% of animals (ED50 or TD50) in each test, the 95% confidence interval, the slope of the regression line, and the S.E.M. of the slope were calculated by Probit analysis11.
All statistical analyses of behavioral data from the pilocarpine-SE and RISE-SRS rats were performed using GraphPad Prism 6 software (GraphPad Software, Inc., USA). The normal distribution of the values was tested using the D'agostino-Pearson normality test. Maximum seizure severity data (Section 3) were analyzed by Mann Whitney test (non-parametric). Seizure burden data obtained from epileptic animals were analyzed by Wilcoxon matched pair test (non-parametric; Section 4.1), whereas seizure burden ratio was analyzed by Mann-Whitney test (non-parametric; Section 4.1) and Fisher’s exact test (Section 4.1). Data obtained from accelerating rotarod (Section 4.2.1) and gait test (Section 4.2.2) were analyzed by one-way ANOVA with Holm-Sidak’s multiple comparison test. Fifteen trials were conducted in the hole-board test over three different days where the animals learned over time, hence each animal’s performance would vary extensively with the progression of test. Therefore, to avoid the trial dependent variability, we initially calculated the average WME/RME for each of these 15 trials (n=15) in each group, and the data obtained were considered for statistical analysis (one-way ANOVA with Holm-Sidak’s multiple comparison test; Section 4.2.3).  
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