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ABSTRACT 32 

Improving locomotor function is a key goal in spinal cord injury (SCI) rehabilitation. CB1 33 

cannabinoid receptor antagonists enhance neuronal excitability and may support motor 34 

recovery. To evaluate the safety and efficacy in improving locomotion of short-term, low-35 

dose Rimonabant (a CB1 receptor antagonist/inverse agonist) in moderate/incomplete 36 

SCI, we conducted: A) three sequential crossover, randomized, blind, placebo-controlled 37 

preclinical experiments in a rat model of moderate contusive thoracic SCI assessing 38 

safety and improvements in locomotor endurance after treatment with low doses of 39 

Rimonabant (0.062–0.800 mg/kg); and B) a double-blind, randomized, placebo-controlled 40 

crossover clinical trial (RIMOFATSCI-1) involving eight individuals with chronic incomplete 41 

SCI testing safety and efficacy after 5-day treatment with Rimonabant (2.5 and 5 mg/day). 42 

Preclinical analyses did not show treatment-related adverse events but revealed that 43 

0.250 mg/kg Rimonabant significantly improved endurance 24 hours after administration 44 

(p < 0.01, Cohen's d = 0.808), with clinically meaningful improvements in 35.7% of 45 

responders. The clinical trial confirmed safety, with no psychiatric or severe adverse 46 

events. Although functional outcomes improved over time, no significant treatment-47 

specific effects were detected. Thus, low-dose Rimonabant is safe and may acutely 48 

enhance locomotor endurance post-SCI. These findings support further investigation in 49 

larger trials. 50 

KEYWORDS 51 

Motor recovery, CB1 cannabinoid receptor, Rimonabant, neuronal excitability, incomplete 52 

spinal cord injury, translational evidence. 53 
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INTRODUCTION  54 

Restoring and improving locomotion is a primary goal for individuals with traumatic spinal 55 

cord injury (SCI), as it is significantly associated with quality of life and personal 56 

independence [1]. Effective locomotion requires the coordinated activation of trunk and 57 

lower-limb muscles, relying on both muscle strength and endurance. This coordination 58 

depends on the precise temporal activation of motoneuron pools [2-5], modulated by 59 

continuous sensory feedback [6].  60 

At the spinal level, locomotor activity is organized by neural networks located in the 61 

lumbosacral cord, commonly referred to as the central pattern generator (CPG), which 62 

coordinates alternating and flexor–extensor muscle activity [7,8]. The function of these 63 

networks is governed by the balance between excitatory and inhibitory inputs (E/I 64 

balance), primarily mediated by glutamatergic excitation and GABAergic/glycinergic 65 

inhibition [9]. Descending inputs from supraspinal centers modulate this spinal circuitry, 66 

ensuring appropriate initiation, intensity, and adaptability of locomotor output. 67 

Following incomplete SCI, disruption of descending pathways reduces the excitatory drive 68 

reaching the lumbosacral circuitry, leading to impaired motoneuron recruitment, 69 

diminished strength, reduced endurance (motor fatigability, a physiological dimension of 70 

the multifaceted symptom of fatigue), and altered coordination. Importantly, injury-induced 71 

alterations in the E/I balance further compromise CPG function and locomotor output [10].  72 

Experimental evidence suggests that preservation or restoration of excitatory neuronal 73 

function is critical for motor recovery [11,12], whereas excessive inhibition or loss of 74 

excitatory phenotype negatively impacts functional outcomes [13]. Notably, excitatory 75 

neurons appear particularly vulnerable to persistent dysfunction and degeneration after 76 

SCI [14], further compromising network excitability and reducing the capacity of spinal 77 

circuits to maintain the excitation–inhibition balance, thereby reinforcing the need for 78 

strategies that preserve or enhance excitatory drive. 79 

Consistent with this rationale, therapeutic approaches—including pharmacological 80 

modulation and electrical stimulation—have shown that restoring excitatory activity within 81 

spinal networks can improve motor performance after injury [15-17].  82 

The endocannabinoid system plays a key role in modulating central nervous system 83 

(CNS) excitability. CB1 cannabinoid receptor is widely expressed in motor control 84 

regions—including cortical, subcortical, and spinal structures—as well as in skeletal 85 

muscle [18-21]. CB1 activation inhibits neurotransmitter release via retrograde signaling, 86 

affecting both excitatory and inhibitory synapses [22-24]. Preclinical studies have shown 87 

that targeting the endocannabinoid system can alleviate motor dysfunction, spasticity, and 88 

abnormal reflexes [20, 25-27]. 89 

Rimonabant, a blood-brain-barrier-penetrant CB1 antagonist/inverse agonist, modulates 90 

neuronal excitability by reducing CB1-mediated inhibition of neurotransmitter release [28-91 

29]. A single 20 mg dose of Rimonabant has been shown to lower motoneuron activation 92 

thresholds at both cortical and spinal levels, shifting the E/I balance toward excitation [30]. 93 

Although reducing activation thresholds alone do not ensure improved motor 94 

performance—and may even exacerbate spasticity—enhancing responsiveness to 95 

descending excitatory input may improve motoneuron recruitment.  96 
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Rimonabant was withdrawn from the European market in 2009 due to an increased risk of 97 

psychiatric and neurological adverse events—such as anxiety, depression, agitation, and 98 

suicidal ideation—at a 20 mg dose [28, 31-32]. Gastrointestinal adverse events were also 99 

reported at this dose [28, 33]. However, clinical data indicate that lower doses (e.g. 5 100 

mg/day) do not significantly increase adverse event frequency and are generally 101 

considered safe [32]. 102 

Based on this evidence, we hypothesize that modulating E/I balance with low doses of 103 

Rimonabant can restore physiological motoneuron activation dynamics and improve 104 

locomotion after SCI without inducing significant adverse effects. To test this hypothesis, 105 

we first conducted a series of preclinical experiments in a rat model of moderate contusive 106 

SCI evaluating both safety and locomotor outcomes following acute administration of low 107 

doses of Rimonabant. Building upon these findings, we subsequently performed a proof-108 

of-concept, randomized, double-blind clinical trial in individuals with chronic incomplete 109 

SCI and preserved walking capacity, assessing the safety and short-term functional 110 

effects of a 5-day low-dose Rimonabant treatment. 111 

MATERIALS AND METHODS 112 

Preclinical Experiments 113 

Three sequential dose-response experiments were conducted using a rat model of 114 

moderate contusive thoracic spinal cord injury SCI to evaluate the safety and effects on 115 

running endurance of low doses of Rimonabant. The three experiments used randomized, 116 

blinded, placebo-controlled crossover block designs (Figure 1). In total, 60 experimental 117 

conditions were evaluated in 15 adult male Wistar rats (n=5 per experiment).  118 

All manipulations and treatments were carried out in full accordance with the guidelines on 119 

care and management of animals established by the European Union (directive 120 

2010/63/UE), the guidelines on the use of animals for Neuroscience Research of the 121 

Society for Neuroscience, the NIH guide for care and use of laboratory animals, and the 122 

normative R.D. 53/2013 from the Spanish Ministry of Presidency and the Agriculture 123 

Council of the Castilla-La Mancha animal ethics committees. All procedures were 124 

approved by the Hospital Nacional de Parapléjicos Animal Care and Use Committee 125 

(153BCEEA/2016). All efforts were made to implement the 3Rs principles, minimizing both 126 

the number of animals used and their suffering. 127 

After a post-injury recovery period allowing stabilization of spontaneous recovery, animals 128 

received placebo or Rimonabant according to each experimental protocol. Safety 129 

assessments included daily monitoring of adverse events from the time of surgery 130 

onward. Side effects were evaluated through sensory function testing using the Von Frey 131 

test on the hind paws, locomotor assessment using the Basso–Beattie–Bresnahan (BBB) 132 

scale, stool form and dry weight analyses for intestinal alterations (only in experiment 1), 133 

and body weight measurements to monitor general condition. 134 

Endurance capacity was assessed on a 5º inclined treadmill (Cibertec Cinelec 21, Spain) 135 

equipped with an electric shock grid. Endurance was defined as the total duration of active 136 

running behavior until exhaustion, established as ≥5 consecutive seconds on the shock 137 

grid on two occasions. Endurance was measured at baseline, followed by immediate 138 

treatment, and re-evaluated 2 and 24 hours after treatment. The primary efficacy endpoint 139 
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was ΔE, calculated as the percentage change in endurance relative to baseline: ∆ܧ =140 100 ∗ ா೉− ாಳಽாಳಽ  , where EX represents endurance at time X and EBL baseline endurance. 141 

Experiment 1 evaluated the safety and endurance-related effects of placebo and 142 

Rimonabant at 0.250, 0.125, and 0.062 mg/kg (equivalent to approximately 3, 1.5, and 143 

0.75 mg in a 70 kg human; [34]) across four treatment blocks. Intestinal effects were 144 

additionally monitored through stool form and dry weight measurements. The treadmill 145 

protocol consisted of 10 minutes at 0.17 m/s, followed by 5 minutes at 0.25 m/s and 5 146 

minutes at 0.33 m/s. 147 

Experiments 2 and 3 evaluated placebo or Rimonabant at 0.8, 0.25, and 0.125 mg/kg 148 

(approximately equivalent to 9, 3, and 1.5 mg human doses, respectively). In Experiment 149 

3, the recovery period was extended to 9 weeks because of early postoperative 150 

complications, particularly soiled abdomens. Safety assessments were identical to those 151 

in Experiment 1, except that stool analyses were omitted. The treadmill protocol was more 152 

demanding and consisted of 5 min at 0.17 m/s, followed by 7.5 min at 0.25 m/s and 7.5 153 

min at 0.33 m/s. 154 

Data Analysis: Data completeness was verified prior to analysis, and no relevant missing 155 

values were identified. Endurance outliers were screened before treatment unblinding 156 

using Tukey’s Fence (k = 1.5), based on baseline endurance (EBL) and changes in 157 

endurance (ΔE). Datasets are available in Supplementary data 1. 158 

Results are presented as mean ± SD or as violin or box-and-whisker plots, as appropriate. 159 

Parametric comparisons were performed using repeated-measures ANOVA and paired or 160 

unpaired t-tests. Non-parametric analyses included the Wilcoxon signed-rank test and 161 

Friedman test. General linear models were additionally applied when appropriate. 162 

Qualitative comparisons (responder analysis) were assessed using Fisher’s exact test, 163 

and effect sizes were estimated using Cohen’s d. Statistical analyses were performed 164 

using JASP version 0.19.3 [35]. 165 

Detailed experimental procedures, including surgeries, drug preparation, behavioral 166 

testing, stool processing, and histological analyses, are provided in Supplementary 167 

Methods 1. 168 

Clinical Trial 169 

A clinical trial entitled “Effects of a CB1 receptor antagonist/inverse agonist (Rimonabant) 170 

on ambulation ability and endurance in traumatic incomplete spinal cord injury: proof of 171 

concept (RIMOFATSCI-1)” was conducted between 2021 and 2022. The study was 172 

prospectively registered in the European Clinical Trials Database (EUDRA_CT_2020-173 

003175-17, see Supplementary Methods 2) and the Spanish Clinical Studies Registry 174 

(REec, No. 2020-003175-17; available at https://reec.aemps.es/reec/estudio/2020-175 

003175-17, last accessed on November 3rd, 2026) before enrolment of the first participant. 176 

A supplementary ClinicalTrials.gov registration (NCT05398913; available at 177 

https://clinicaltrials.gov/study/NCT05398913?cond=Spinal%20Cord%20Injury&intr=Rimon178 

abant&viewType=Card&rank=1, last accessed on November 3rd, 2026) was subsequently 179 

completed in May 2022. RIMOFATSCI-1 was a prospective, randomized, double-blind, 180 

placebo-controlled, crossover proof-of-concept study designed to assess the safety of two 181 

low doses of Rimonabant and explore their potential to improve motor endurance. Eight 182 
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adult participants (men and women, aged 18–65) with chronic traumatic incomplete SCI 183 

(≥12 months post-injury) and preserved walking capacity were included. The study 184 

comprised three treatment arms (blocks), each involving 5 consecutive days of treatment 185 

with either placebo, 2.5 mg/day Rimonabant, or 5 mg/day Rimonabant (Figure 2). All 186 

participants received each treatment in a randomized order, separated by 6-week 187 

washout periods. 188 

Efficacy Measures:  The primary efficacy outcome was the percentage change in meters 189 

walked during the 6-Minute Walk Test (6MWT) relative to baseline. Secondary outcomes 190 

included: 191 

● Perceived fatigue (modified Borg Scale post-6MWT) 192 

● 10-Meter Walk Test (10MWT) 193 

● Fatigue Severity Scale (FSS) 194 

● Patient’s Global Impression of Change (PGIC) 195 

● Health-related quality of life (EQ-5D questionnaire) 196 

● AIS motor score 197 

Safety Assessments comprised: 198 

● Adverse Events (AEs) 199 

● Vital signs (temperature, blood pressure, heart rate, weight) 200 

● Electrocardiogram (ECG) 201 

● Laboratory tests (blood and urine) 202 

● Pain (Visual Analogue Scale, VAS) 203 

● Spasticity (Modified Ashworth Scale, MAS; Penn Spasm Frequency Scale, PSFS) 204 

● Psychological status (Beck Depression Inventory, BDI; Hospital Anxiety and 205 

Depression Scale, HADS) 206 

Ethics and Oversight: The study was approved by the Institutional Review Board (CEIm, 207 

Gerencia de Atención Integrada de Talavera de la Reina, Toledo; Ref. 09/2020) and by 208 

the Spanish Agency of Medicines and Medical Devices (AEMPS). The trial complied with 209 

Good Clinical Practice guidelines and the Declaration of Helsinki. All participants provided 210 

written informed consent prior to enrollment. Trial monitoring was performed by Fundación 211 

Teófilo Hernando CRO to ensure data integrity. All clinical procedures and data collection 212 

were conducted at the National Hospital for Paraplegics (Toledo, Spain), a specialized 213 

center in SCI care. 214 

Data Analysis: baseline demographics and clinical characteristics were described per 215 

treatment sequence. AEs were coded using MedDRA and tabulated by group. The 216 

primary outcome (6MWT) was analyzed using ANOVA to assess treatment effects and 217 

temporal progression. Baseline vs. Day 5 comparisons and overall trends were assessed. 218 

Secondary outcomes were analyzed similarly. Non-parametric variables were evaluated 219 

using the Friedman test. Further details on inclusion/exclusion criteria, randomization and 220 

blinding procedures, and assessments are provided in Supplementary Methods 2. 221 

Datasets are available from the senior authors of this article upon reasonable request. 222 

We used the Scientific Writing Assistant (a custom GPT from OpenAI, June 2025 version, 223 

available at: https://chat.openai.com/gpts) to support manuscript editing and scientific 224 

language refinement.  225 
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RESULTS 226 

Preclinical safety: low-dose Rimonabant Is well tolerated in a rat model of Spinal 227 

Cord Injury 228 

To evaluate the safety of low-dose Rimonabant in the context of SCI, we analyzed data 229 

from 15 animals undergoing surgery and treatment with different doses of Rimonabant in 230 

three preclinical experiments. All adverse events (AEs) were recorded and classified as 231 

binary variables (present/absent). A total of 23 AEs were documented, primarily consisting 232 

of skin ulcers and urinary tract infections (Table 1). 233 

Skin ulcers occurred in 6 animals (40%) during the sub-acute post-injury period, prior to 234 

treatment. These lesions, typically located in the flanks or inguinal region, were managed 235 

by veterinary staff and did not preclude evaluations. Urinary infections, a common 236 

complication in this SCI model, affected 9 animals (60%) in the first days after surgery and 237 

were resolved within the first week with antibiotics. In Experiment 3, four animals 238 

developed soiled abdomens associated with infections, requiring over two weeks to 239 

resolve and delaying treatment initiation. Three animals exhibited transient signs of pain—240 

two associated with ulcers and one with urinary infection—successfully treated with 241 

buprenorphine. Importantly, all AEs began before any treatment was administered, 242 

although some events persisted following the treatment, indicating no relationship with the 243 

investigational product. 244 

Motor and Sensory Safety Outcomes: Sensitivity (Von Frey test) and locomotor function 245 

(BBB scale) were assessed 24 hours before and 48 hours after treatment and compared 246 

using repeated-measures ANOVA (Supplementary Results 1). Neither parameter showed 247 

significant differences across the experiments. However, in Experiment 1, a general 248 

reduction in sensitivity (Von Frey score) was observed after treatment with vehicle and 249 

0.0625 mg/kg Rimonabant nearly reaching significance (p = 0.054), though this trend was 250 

not confirmed in subsequent experiments.  251 

Gastrointestinal and Weight Assessments: To evaluate gastrointestinal effects, stool 252 

consistency and dry weight were measured at baseline and 24- and 48-hours post-253 

treatment in Experiment 1. No differences in stool form were noted. A minor, non-254 

significant reduction in stool dry weight was observed, particularly in vehicle-treated 255 

animals. Body weight was monitored throughout all experiments. No treatment-related 256 

differences were found.  257 

In summary, none of the evaluated functional, sensory, physiological, or histological 258 

variables showed significant treatment-related effects. These findings support the safety 259 

of low-dose Rimonabant (up to 0.8 mg/kg, equivalent to up to ~9 mg in humans) in 260 

preclinical models of chronic SCI. Details on the analyses and results are available at 261 

Supplementary Results 1 262 

Clinical safety: low doses of Rimonabant are safe for treatment of individuals with 263 

SCI 264 

To translate preclinical safety findings to a clinical context, we conducted a randomized, 265 

double-blind, placebo-controlled, crossover trial (RIMOFATSCI 1) evaluating low-dose 266 

Rimonabant in eight individuals with chronic SCI. Participants received placebo, 2.5 mg, 267 

and 5 mg of Rimonabant across three treatment blocks. Safety outcomes included 268 
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adverse events, clinical and laboratory evaluations, and assessments of neurological and 269 

psychological status. 270 

Participant Characteristics: The study population included 6 males and 2 females, with 271 

a mean age of 45.0 ± 12.2 years and an average time since injury of 128 ± 96 months. 272 

Lesions were primarily cervical (n = 6), with varied etiologies including road traffic 273 

accidents, work-related injuries, and falls. Functional independence, measured by the 274 

spinal cord independence measure (SCIM), averaged 75.4 ± 15.1. 275 

Adverse Events Profile: A total of 14 AEs were reported by 6 of 8 participants (75%). All 276 

but one AEs (93%) were mild and did not require intervention. The only moderate AE —a 277 

tendon disorder— occurred during the placebo treatment block and was judged as 278 

unrelated to the study drug. No severe adverse events were reported. Related AEs (n = 6) 279 

were observed in three participants during active treatment (Table 2).  280 

Nature of Related AEs: Events considered possibly related to Rimonabant included 281 

gastrointestinal symptoms (mouth ulceration, nausea, abdominal pain), nervous system 282 

events (headache, spasticity), and muscle spasms. All were mild in intensity and transient. 283 

Clinical and Laboratory Assessments: Comprehensive evaluations—including physical 284 

examinations, ECG, vital signs, hematology, biochemistry, thyroid function, urinalysis, and 285 

validated scales for depression (BDI, HADS-D), anxiety (HADS-A), spasticity (MAS, 286 

PSFS), and pain (VAS)—showed no significant worsening during or after treatment. No 287 

psychiatric adverse events were reported. 288 

In summary, low-dose Rimonabant (2.5–5 mg/day) for 5 consecutive days was well 289 

tolerated in individuals with chronic SCI. The overall AE profile was mild, transient, and 290 

consistent with safety data from Rimonabant product information, placebo-controlled trials 291 

and post-marketing surveillance (RIO and STRATUS series of clinical trials, see [36, 37], 292 

respectively). These findings support the clinical safety of Rimonabant at low doses for 293 

SCI individuals and warrant further investigation in larger trials and with longer duration of 294 

the treatment. 295 

Preclinical efficacy: single low-dose Rimonabant enhances locomotor endurance in 296 

rats with spinal cord injury 297 

To evaluate the efficacy of low-doses of Rimonabant to improve locomotor performance in 298 

SCI, we measured running endurance in a rat model of moderate contusion. In three 299 

crossover placebo-controlled experiments, 15 adult rats sequentially received a single 300 

dose of each treatment with a 6-days washout period between treatments (Figure 1). 301 

Endurance, defined as active running time on the treadmill, was assessed at baseline, 302 

followed by treatment and re-evaluation 2 h and 24 h later (Figure 3A). The primary 303 

efficacy end-point is the change in endurance relative to baseline measurement, 304 

expressed as ∆ܧ = 100 ∗ ா೉− ாಳಽாಳಽ   (EX and EBL correspond to endurance at time X or at 305 

baseline (BL), respectively).  306 

Placebo effects (Figure 3B). In the placebo-treated animals, endurance values exhibited 307 

a transient decline at 2 h post-administration (mean ΔE = −3.0 ± 6.0%) that returned to 308 

baseline levels by 24 h (mean ΔE = 0.39 ± 3.37%). Recovery between the 2 h and 24 h 309 

time points was statistically significant (Wilcoxon signed-rank test, W = 5.5, p = 0.016).  310 
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Efficacy of low doses of Rimonabant. Placebo effects were compared to values after 311 

single doses of 0.062, 0.125, 0.250, and 0.800 mg/kg Rimonabant (approximately 312 

equivalent to 0.75, 1.5, 3, and 9 mg human doses, respectively) to assess their efficacy. 313 

As illustrated in Figure 3C, at 2 h post-treatment, none of the tested doses of 314 

Rimonabant (0.062, 0.125, 0.250, and 0.800 mg/kg, equivalent to 0.75, 1.5, 3, and 9 mg 315 

human doses, respectively) improved endurance relative to baseline. Indeed, values 316 

across all treatment groups showed average reductions comparable to those of the 317 

placebo. Interestingly, data distribution reveals that the average reductions results from a 318 

notable minority (30% of all values) displaying decreases exceeding 5% while most 319 

animals maintained baseline endurances. 320 

In contrast, at 24 h post-treatment, consistent increases in endurance supported the 321 

efficacy of low doses of Rimonabant (Figure 3D). Mean ∆E progressively increased with 322 

dose, showing a rapid increase up to 0.125 mg/kg followed by a more gradual increase 323 

toward the highest dose tested. Paired comparisons against placebo demonstrated that 324 

∆E was significantly larger for the 0.250 mg/kg dose (paired t-test: t(11) = −2.799, p = 325 

0.009), with a large effect size (Cohen’s d = 0.808). The 0.800 mg/kg group also reached 326 

nominal significance (t(7) = −1.974, p = 0.044).  327 

Responder analyses (Figure 3E) were performed using the upper 99% confidence limit 328 

of placebo variability (mean + 2.576 × SD = 9.06) as the threshold criterion. Under this 329 

definition, responder frequencies exceeded 20% at doses ≥0.125 mg/kg and peaked at 330 

35.7% in the 0.250 mg/kg group (Figure 3E). Fisher’s exact test confirmed the significance 331 

of the increase in responder frequency at 0.250 mg/kg relative to placebo (35.7% vs 0%, p 332 

= 0.046). 333 

Responder distribution was strongly associated with motor performance, measured as 334 

baseline BBB locomotor scores. Positive responses were concentrated exclusively in 335 

animals with BBB ≤13, particularly within BBB classes 11–12. Consistently, animals with 336 

BBB >13 remained within a narrow fluctuation range (−2.33% to +2.86% relative to 337 

baseline), whereas the BBB ≤13 subgroup accounted for nearly all high-amplitude 338 

responses observed in the study. Tissue preservation analyses showed a broadly similar 339 

pattern, although the association was less pronounced. Higher white matter preservation 340 

(%55%) within the penumbra region was associated with highly stable endurance and 341 

minimal treatment responsiveness, and all but one responder individual preserved less 342 

than the 55% white matter. 343 

Taken together, these findings support the existence of endurance-enhancing effects 344 

induced by low doses of Rimonabant following spinal cord injury and identify 0.250 mg/kg 345 

Rimonabant as the optimal dose within the tested range, combining significant population-346 

level efficacy, large effect size, and the highest frequency of clinically meaningful 347 

responders. The 0.800 mg/Kg dose was not considered optimal, despite significant 348 

effects, because it almost duplicates the doses demonstrated to be secure in RIO and 349 

STRATUS clinical trials (5 mg, [36,37], respectively) and did not outperform the 350 

0.250mg/Kg dose (equivalent to 3 mg in humans).  351 

Detailed descriptions of the analyses and results on the efficacy of treatments are 352 

available at Supplementary Results 2. 353 
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Clinical Evidence: No Clear Efficacy Signal in Human Trial 354 

In the RIMOFATSCI-1 clinical trial, eight participants with chronic SCI were randomized to 355 

receive 2.5 mg, 5 mg Rimonabant, or placebo in a crossover design. The primary efficacy 356 

endpoint was the 6-minute walk test (6MWT). Overall, participants improved their 6MWT 357 

performance during the study (Figure 4, left), but these gains were not associated with 358 

any specific treatment arm. Repeated-measures ANOVA confirmed the significant effect 359 

of time (p = 0.014), but no treatment (p=0.974), sequence (p=0.976), or interaction effects 360 

(treatment x sequence: p=0.279; treatment x time: p=0.913; sequence x time: p=0.243; 361 

treatment x sequence x time: p= 0.3). Similar results were observed analyzing the 362 

modified Borg scale (secondary outcome measure, Figure 4, right).  Repeated-measures 363 

ANOVA confirmed the significant effect of time (p = 0.025), but no treatment (p=0.805), 364 

sequence (p=0.295), or interaction effects (treatment x sequence: p=0.143; treatment x 365 

time: p=0.839; sequence x time: p=0.454; treatment x sequence x time: p= 0.955). 366 

Secondary outcomes—including the Borg scale, 10-meter walk test, AIS motor score, 367 

Fatigue Severity Scale (FSS), Patient Global Impression of Change (PGIC), and EQ-5D 368 

quality of life—showed no significant differences between treatment groups. 369 

Improvements were observed across time in all groups, suggesting a general benefit from 370 

participation, but not a specific drug effect. 371 

In summary, while preclinical evidence supports a beneficial effect of 0.250 mg/kg 372 

Rimonabant on locomotor performance in rats, this efficacy was not replicated in the 373 

small, short-duration human trial. Further studies with larger sample sizes and extended 374 

treatment duration are needed to conclusively assess clinical efficacy. 375 

DISCUSSION 376 

This study investigated the safety and efficacy of low-doses of Rimonabant—a selective 377 

CB1 receptor antagonist/inverse agonist— for enhancing locomotor endurance following 378 

spinal cord injury. Using a translational approach, we first established preclinical evidence 379 

in a well-characterized rat model of moderate contusive SCI. We then extended these 380 

findings to a first randomized, double-blind, placebo-controlled crossover proof-of-concept 381 

clinical trial in individuals with chronic incomplete SCI. Our results support the safety of 382 

short-term low-dose Rimonabant and provide preliminary preclinical evidence for its 383 

efficacy in improving locomotor performance. 384 

In the preclinical studies, a single administration of low-dose Rimonabant produced 385 

delayed but measurable improvements in treadmill-based locomotor endurance. No 386 

beneficial effects were observed 2 hours after treatment; however, clear efficacy signals 387 

emerged at 24 hours post-administration. Endurance improvements increased 388 

progressively across doses, with 0.250 mg/kg identified as the optimal dose. This dose 389 

significantly increased endurance relative to placebo (paired t-test, p = 0.009) and 390 

produced a large effect size (Cohen’s d = 0.808). Importantly, treatment effects were not 391 

uniformly distributed across the cohort but were driven by a distinct responder 392 

subpopulation. Using a placebo-derived threshold for clinically meaningful improvement, 393 

35.7% of animals treated with 0.250 mg/kg met responder criteria compared with 0% in 394 

the placebo condition (Fisher’s exact test, p = 0.046). 395 
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In the human trial (RIMOFATSCI-1), treatment with Rimonabant (2.5 and 5 mg/day) over 396 

five days was well tolerated, with no severe or psychiatric adverse events observed. All 397 

eight participants completed the study as per protocol. Although 6-Minute Walk Test 398 

(6MWT) performance improved across time, no significant differences between treatment 399 

conditions were detected. Secondary outcomes (fatigue, gait speed, quality of life) 400 

mirrored this pattern, showing time-related improvements without clear treatment effects. 401 

While the clinical improvements did not reach statistical significance, in humans, between 402 

treatments, the overall upward trend suggests a possible learning or training effect across 403 

blocks. The use of a crossover design, while statistically efficient for rare conditions, may 404 

introduce carryover effects despite washouts, particularly when evaluating neuroplasticity-405 

based interventions. Additionally, the relatively high baseline function of participants may 406 

have limited the observable treatment window.  407 

There are also two other key considerations that we deem important in comparing human 408 

and animal data. First, most of the individuals with SCI had cervical lesions (6/8), while all 409 

the animals had thoracic lesions. Second, humans are bipedal, which may suggest that 410 

more time is needed for the modification of motor system excitability to translate into 411 

improved performance. Future studies will help clarify this difference. 412 

To our knowledge, this is the first translational study to assess the motor-enhancing 413 

effects of a CB1 receptor antagonist in the context of SCI. Previous work has primarily 414 

focused on CB1 agonists to manage spasticity or pain [38-39]. Strengths of this study 415 

include the dual-level (preclinical-clinical) design, use of validated locomotor outcomes, 416 

blinded assessments, and complete follow-up. The integration of endurance metrics with 417 

safety readouts strengthens translational validity. 418 

Limitations include a small clinical sample size, short treatment duration, and high inter-419 

individual variability. The study may have been underpowered to detect modest between-420 

treatment differences. The treadmill-based endurance measure used preclinically differs in 421 

construct from the 6MWT, although both assess sustained locomotor output. Finally, our 422 

study remains exploratory, and the findings require evaluation in larger, powered trials. 423 

In summary, short-term, low-dose Rimonabant is safe and well tolerated in both preclinical 424 

and clinical settings of moderate/incomplete spinal cord injury (SCI), showing no 425 

psychiatric or relevant adverse events. While a single dose significantly improves 426 

locomotor endurance preclinically, the clinical trial demonstrates its safety profile and 427 

suggests potential functional benefits. These findings support the repurposing of 428 

Rimonabant or related CB1 antagonists as adjunctive therapies to enhance motor 429 

recovery. Future research in larger cohorts is warranted to define optimal dosing and 430 

timing, as well as to improve patient selection based on residual motor function. 431 

Furthermore, prospective studies should evaluate extended treatment durations and the 432 

combination of this pharmacological modulation with task-specific training or other 433 

rehabilitation strategies. 434 
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TABLES 578 

Table 1 579 

Event Type Exp 1 Exp 2 Exp 3 Total 

Number of animals 5 5 5 15 

Animals with any AE (%) 4 (80%) 2 (40%) 4 (80%) 10 (66%) 

Severe AEs (%) 1 (20%) 1 (20%) 1 (20%) 3 (20%) 

Treatment-related AEs (%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Withdrawals due to AE (%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Event Counts Exp 1 Exp 2 Exp 3 Total 

Urinary tract infections 3 2 4 9 

ed abdomen 0 0 4 4 

Skin ulcers 3 1 3 7 

Pain 1 1 1 3 

Total AEs 7 4 12 23 

Table 1. Summary of Adverse Events recorded across preclinical experiments. 580 

AE=adverse event; Exp: experiment. 581 
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Table 2 582 

Overall incidence of AEs 

Treatment Subjects with AE (%) Total AEs Related AEs (n) 

Placebo 2 (25%) 3 0 

2.5 mg/day 4 (50%) 6 3 

5 mg/day 4 (50%) 5 3 

Total 6 (75%) 14 6 

 583 

AEs Possibly Related to the Study Medication 

System Organ Classes (SOCs) Adverse Event No. of AEs Dose (mg/day) 

Nervous system disorders Spasticity 1 2.5 

Musculoskeletal and connective tissue 

disorders 

Muscle spasms 1 2.5 

Gastrointestinal disorders Mouth ulceration 1 2.5 

Gastrointestinal disorders Abdominal pain 3 5 

Gastrointestinal disorders Nausea 4 5 

Nervous system disorders Headache 1 5 

Table 2. Summary of the Adverse Events recorded in RIMOFATSCI-1 clinical trial.  584 
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FIGURES 585 

Figure 1 586 

587 

Figure 1. General design of the placebo-controlled, single-doses, crossover, 588 

preclinical analyses. The study consisted of four 7-day treatment blocks (placebo plus 589 

three Rimonabant doses). Each block began with baseline assessment of motor and 590 

sensory function on Day 1. Baseline endurance was evaluated on Day 2, followed by 591 

administration of placebo or Rimonabant and reassessment of endurance 2 h later. 592 

Endurance was reevaluated 24 h after treatment (Day 3), whereas BBB and Von Frey 593 

assessments were repeated 48 h after treatment (Day 4). Washout periods lasted 6 days 594 

(Days 3–7 of each block plus Day 1 of the subsequent block). Surgeries were performed 595 

28 days before baseline measurements in Experiments 1 and 2, and 63 days before 596 

baseline measurements in Experiment 3, to ensure establishment of chronic SCI. At the 597 

end of Block 4, all animals were euthanized and spinal cord tissue was collected for 598 

histological analysis. The daily timeline for each experiment is detailed in Supplementary 599 

Methods 1. 600 
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Figure 2 601 

 602 

Figure 2. Study Design and Visits. The study was structured in three 12-week blocks 603 

(placebo, 2.5 mg/day, 5 mg/day). Each block comprised five visits. V1–V2: Phone 604 

screening and in-person screening (consent and eligibility; one subject excluded); 605 

V3/V8/V13: Baseline assessments; V4/V9/V14: Treatment start (Day 1); V5/V10/V15: End 606 

of treatment (Day 5); V6/V11/V16 and V7/V12/V17: Follow-up at 3 and 15 (±2) days post-607 

treatment. V18: Final study visit approximately 30 days after block 3. Each day, 608 

participants received two tablets: 5 mg/day dose: two tablets of Rimonabant (2.5 mg 609 

each); 2.5 mg/day dose: one Rimonabant + one placebo; Placebo dose: two placebo 610 

tablets. Placebo and Rimonabant tablets were identical in appearance. Vital signs were 611 

obtained at each visit. 612 
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Figure 3 613 

 614 

Figure 3. Efficacy of low doses of Rimonabant on increased endurance. Changes in 615 

endurance relative to baseline (ΔE) were determined 2 and 24 hours after treatment with 616 

single doses of Rimonabant or placebo. A. Summary statistics. B. Violin plots showing the 617 

distribution of ΔE in placebo-treated animals at 2 and 24 hours. W denotes the statistic 618 

from a paired Wilcoxon signed-rank test comparing ΔE between the two times. n = 12 (3 619 

individuals were excluded). C-D. Violin plots illustrating the effects of treatments on ΔE at 620 

2 hours (C) and 24 hours (D). In D, t denotes the statistic from paired t-tests comparing 621 

ΔE between placebo and 0.250 mg/kg and 0.800 mg/kg Rimonabant, 24 hours after 622 

treatment (n = 9 paired comparisons). In B–D, white circles indicate the mean value for 623 

each condition. E. Bar plots comparing the number of responders and non-responders 624 

according to treatment and BBB motor score. Fisher’s p denotes the significance level 625 

after Fisher Exact Test comparing ΔE between placebo and 0.250 mg/kg Rimonabant. 626 



 

20 

 

Figure 4 627 

Figure 4. Effects of Rimonabant on 6MWT performance. Left. 6MWT Performance 628 

Over Time. Groups: A = 2.5 mg, B = 5 mg, C = Placebo. Error bars are not displayed for 629 

graphical reasons. The SEM was in a range from 60 to 69. Right. Modified Borg Scale 630 

Over Time. Groups: A = 2.5 mg, B = 5 mg, C = Placebo. Error bars are not displayed for 631 

graphical reasons. The SEM was in a range from 0.77 to 1.41. N=8. 632 
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