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Multiple sclerosis (MS) is a debilitating neurodegenerative disease characterized by demyelination and neuronal loss. Traditional therapies often fail to halt disease progression or reverse neurological deficits. Ibogaine, a psychoactive alkaloid, has been proposed as a potential neuroregenerative agent due to its multifaceted pharmacological profile. We present two case studies of MS patients who underwent a novel ibogaine treatment, highlighting significant neuroimaging changes and clinical improvements. Patient A demonstrated substantial lesion shrinkage and decreased Apparent Diffusion Coefficient (ADC) values, suggesting remyelination and reduced inflammation. Both patients exhibited cortical and subcortical alterations, particularly in regions associated with pain and emotional processing. These findings suggest that ibogaine may promote neuroplasticity and modulate neurocircuitry involved in MS pathology.
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1 Introduction

Ibogaine is a naturally occurring indole alkaloid with complex neuropharmacology and strong oneirogenic (“waking dream generating”) properties. Although most widely discussed as an aid to mitigating withdrawal and cravings from opioids and other drugs (1–3), ibogaine has recently garnered attention for its potential to alleviate symptoms associated with traumatic brain injury (4), neuropathic pain (5), and other neurodegenerative conditions.

Ibogaine’s physiological effects appear to involve multiple mechanisms. Its interaction with N-methyl-D-aspartate (NMDA), σ2, and opioid receptors influence neural activity and plasticity (1, 6). Upregulation of both brain-derived neurotrophic factor (BDNF) and glial cell-derived neurotrophic factor (GNDF) promotes neuronal survival and plasticity (7–9). Reduction of pro-inflammatory cytokines decreases neuroinflammation (10). Improvements in cellular respiration may contribute to structural changes in neuronal cells (11, 12). Upregulation of myelination markers 2′, 3′-cyclic nucleotide 3′-phosphodiesterase (CNP) and myelin basic protein (MBP) mRNA demonstrate remyelination potential (13).

Multiple sclerosis (MS) is a chronic demyelinating disease characterized by neuroinflammation, axonal damage, and progressive neurological deficits (14). Standard treatments aim to modulate immune responses and slow disease progression but often have limited efficacy and significant side effects (15).

MS diagnosis relies on a combination of clinical evaluations and imaging studies. Cortical thickness analysis and diffusion-weighted imaging (DWI) are valuable neuroimaging tools for studying MS-related brain changes. Cortical thickness changes may reflect alterations to neurocircuitry, while DWI measures water diffusion to assess tissue integrity. Increased Apparent Diffusion Coefficient (ADC) values may suggest demyelination and axonal damage, whereas decreased ADC values may indicate improved neural integrity and reduced inflammation (16–22).

The present case report demonstrates the treatment effects of ibogaine on two patients who initially sought ibogaine for other reasons, but also had pre-existing diagnoses of MS. To our knowledge, this is the first documented case report suggesting neuroregenerative effects of ibogaine in human MS patients.



1.1 Case presentation



1.1.1 Patient A

In February, 2023, an Ambio LIfe Science (“Ambio”) ibogaine treatment facility in Tijuana, Mexico received a 41-year-old male special forces veteran (“PA”) who was diagnosed with relapsing-remitting MS (RRMS), post-traumatic stress disorder (PTSD), major depressive disorder (MDD), and a traumatic brain injury (TBI) sustained ten years prior. He attended our program once previously, in September, 2022, at which time he suffered from vertigo believed to result from high alcohol intake. After his first treatment, vertigo symptoms resolved in the absence of alcohol consumption, only to return 2 months later, leading to his RRMS diagnosis.

At intake, PA’s symptoms included progressive mobility impairment, coordination difficulties, some bladder control issues, bradypsychia, short-term memory deficits, and strong vertigo sensations every five to ten minutes. Emotional stress from relationship dissatisfaction was an additional factor influencing his overall health. His primary care physician prescribed dimethyl fumarate and Vitamin D to manage MS symptoms one month prior, but progressive neurological decline continued. Magnetic resonance imaging (MRI) revealed a large lesion in the right posterior parietal lobe, affecting cortical and subcortical white matter near the intraparietal sulcus (Figure 1).




Figure 1 | Patient A MRIs and lesion changes. (A) Patient A (PA) lesion MRI at each time point. PA1 is at 1 month, PA2 is progression at 3 months. The outline of the PA1 lesion segmentation mask is shown in red. The same PA1 mask is overlaid on PA2 for reference. (B) Lesion volumes at 1 month and 3 months. (C) Lesion mean ADC at the same time interval.






1.1.2 Patient B

Also in February 2023, Ambio received a 44-year-old female (“PB”) who was diagnosed with secondary progressive MS (SPMS) in 2018, as well as complex PTSD (CPTSD) from childhood trauma and a recent divorce following 17 years of marriage. Upon arrival, she exhibited severe muscle spasticity, hypotrophic extremities, difficulties with bladder and bowel control, and strong but infrequent attacks of vertigo. Although she could transfer herself using wall-mounted arm supports, she required a wheelchair for most activities. As of 4 months prior to intake, she was diagnosed “exercise intolerant”, precluding physiotherapy for more than 5 to 10 minute increments.

PB became confined to her mobility system after the installation of an intrathecal baclofen pump in 2019, which reduced the painful muscle spasticity that had previously allowed her to walk. She had taken glatiramer, high doses of Vitamin D, and also consumed cannabis on a regular basis to control muscle spasticity since 2018. Despite short-term success with ketamine therapy to try to control chronic pain, she terminated treatment infusions one year prior.






2 Methodology



2.1 Clinical protocol

Ibogaine is known to block the hERG potassium channel and prolong the cardiac QT interval, potentiating torsades de pointes and historically resulting in several cases of mortality and morbidity (23–26).

To avoid complications and improve treatment outcome, both patients underwent a novel ibogaine treatment protocol at Ambio, preceded by a physical intake, full metabolic panel, and electrocardiogram. 24-hour medical staff collected vitals every 30 minutes during waking hours. A patent-pending co-therapy protocol (27) was administered including: pre-treatment magnesium to prevent ibogaine-induced cardiac arrhythmia, vitamin infusions to promote cellular function, a “flood dose”, or “loading dose” of ibogaine hydrochloride (PA: 1200mg; PB: 500mg), followed by post-treatment lactulose to accelerate ibogaine metabolism. The ibogaine dosage was administered in 4 capsules over a 1.5-hour period. For the first 12 hours following the preliminary dosage, patients remained under constant cardiac monitoring to screen for arrhythmias including bradycardia. PB only accepted 2 of the 4 capsules, decreasing her overall dosage to accommodate an acute increase in her existing muscle spasticity. Once discharged, both patients continued a “microdose”, or “maintenance dosing” regimen (20mg/day).

The Multiple Sclerosis Quality of Life Index (MSQLI) and Hauser Ambulation Index (HAI) were used to quantify subjective changes and clinical observations.




2.2 Imaging analysis

DWI and anatomical structural MRI were acquired for each patient within two months prior to arrival and three (PA) to ten (PB) months after treatment. These images were used to generate cortical thickness measurements and ADC maps.



2.2.1 DWI preprocessing

DWI data underwent initial preprocessing steps. Brain extraction was performed on the trace image using BET2 (Brain Extraction Tool) of the FMRIB software library [FSL; (28)]. The resulting brain mask was applied to the calculated ADC image to create a brain-extracted ADC.




2.2.2 Cortical parcellation and subcortical segmentation

Cortical surface reconstruction and cortical thickness measurements were performed using the recon-all-clinical pipeline from FreeSurfer, optimized for heterogeneous clinical MRI scans (29). The pipeline incorporates machine learning-based segmentation methods, such as SynthSeg (30, 31) and SynthSR (32), to enhance robustness and reliability. SynthSeg allows for segmentation of brain MRI scans of any contrast and resolution, making it suitable for comparative analysis of heterogeneous clinical brain scans. SynthSR uses super-resolution to convert anatomical scans of varying contrasts into T1-weighted images suitable for cortical segmentation. The Desikan-Killiany atlas (33) was employed for cortical parcellation.




2.2.3 Lesion segmentation

Lesion segmentation and quantification was performed manually with the 3D Slicer software suite (34). The lesion was outlined on the T1 anatomical MR image at each slice (35) to create a detailed lesion segmentation mask as the measurement region of interest (ROI). The lesion ROI is then subsequently projected to its intra-subject DWI space for ADC quantification.




2.2.4 Anatomical and DWI registration

To align the anatomical (T1 or T2) images with the DWI space, a multi-stage registration process was implemented using ANTs (Advanced Normalization Tools) (36). The process involved the following steps: 1. Intra-subject longitudinal Rigid registration in anatomical space, from intrasubject time 2 to time 1. Diffeomorphic registration (SyN algorithm) from the DWI space to the anatomical space for each time point (37, 38). The ROIs for both cortical and lesion segmentations were then projected from anatomical to DWI space for ADC quantification.




2.2.5 Clustering analysis

A Gaussian Mixture Model was used to perform clustering analysis on inter-hemispheric cortical thickness percentage changes to identify patterns of regional alterations and possible changes in neurocircuitry.






3 Results



3.1 Clinical observations



3.1.1 Patient A

One day after treatment, PA subjectively noted a resolution of MS symptoms, including motor and bladder issues. 2 months post-treatment, MSQLI fatigue subscores dropped 92%. Bladder control issues completely resolved. The physical components summary score increased 24%, and mental components summary score improved by 42% (Table 1). Despite previous challenges walking because of an inability to coordinate foot movement, PA later reported participation in a 200 mile ultramarathon. One year after this second treatment episode, he still had not experienced any remission of vertigo.


Table 1 | MSQLI data table.






3.1.2 Patient B

Despite acute increases in muscle spasticity under ibogaine’s effects, PB reported reductions in spasticity post-treatment. HAI scores improved from 8 (“restricted to wheelchair”) at baseline, to 7 (“walking limited to several steps with bilateral support”) immediately upon discharge, a change sustained at month 2 follow-up. PB increased the duration of physiotherapy from 10 minutes to 1 hour, and reported continued gradual improvement 2 years later. MSQLI scores improved 73% for chronic pain, and 29% for fatigue. Bladder control score improved from 5 to 3, and bowel control score improved from 6 to 2. Physical components summary score improved 38%, while mental components summary improved 22% (Table 1).





3.2 Brain imaging



3.2.1 Patient A

Post-treatment analysis revealed a 71% reduction in lesion volume (from 1,659.8 mm³ to 480.5 mm³) and a 35.6% decrease in mean ADC (from 2,756.3 × 10⁻⁶ mm²/s to 1,774.2 × 10⁻⁶ mm²/s), suggesting reduced extracellular diffusion (Figure 1).

Regions associated with emotional and cognitive processing exhibited cortical thinning, including the left rostral and caudal anterior cingulate cortices (ACC; 6.94% and 5.23%, respectively), left frontal pole (4.66%), and right precuneus (4.01%). In contrast, cortical thickening was noted in the right cuneus (4.43%) and entorhinal cortex (3.67%), with asymmetric decreases in the left cuneus (3.38%) and entorhinal cortex (1.96%) (Figure 2).




Figure 2 | (Top) Patient A cortical and subcortical changes. (Bottom) Patient B cortical and subcortical changes.



ADC changes varied across regions. Notable reductions were seen in the left lateral orbitofrontal cortex (4.96%) and right temporal pole (4.40%). Significant ADC increases included the right rostral middle frontal cortex (25.77%) and paracentral lobule (16.20%), and the left entorhinal cortex (11.13%) (Figure 2).

Ventricular volume decreased bilaterally (~31%), with asymmetrical ADC changes (left: -25.02%; right: +4.92%). The left pallidum (48.3%) and amygdala (25.12%) increased in volume, while hippocampal changes were asymmetric (right: +20.49%; left: -11.08%). These changes suggest hemispheric compensatory responses.

Gaussian Mixture Model analysis of cortical thickness changes identified three clusters (Figure 3). Regions associated with cortical thinning included areas involved in emotional processing, such as the ACC and insula. Regions showing symmetrical thickening or stability included areas related to memory and sensory integration, such as the middle temporal gyri and posterior cingulate cortex (PCC). Asymmetrical changes were observed in regions like the cuneus and entorhinal cortices, indicating differential hemispheric responses.




Figure 3 | Gaussian Mixture Model (GMM) clustering analysis of cortical thickness changes between the hemispheres in Patient A (Left Panel) and Patient B (Right Panel). Clustering is based on the 4 quadrants of left/right changes (i.e both positive, both negative, etc.), as well as the distance from the diagonal, which represents the degree of regional change symmetry. The number of clusters were automatically determined by the GMM algorithm.






3.2.2 Patient B

Cortical thinning was observed in several regions, including the right transverse temporal cortex (-9.17%) and left (-6.32%), and the right postcentral cortex (-4.10%) and left (-3.39%). Asymmetrical changes were notable in the entorhinal cortex, where the right decreased (-4.82%) and the left increased (+2.4%), and in the rostral ACC, where the left decreased (-4.82%) and the right increased (+6.01%). Conversely, cortical thickening was evident in regions such as the right isthmus cingulate (+5.52%) and left lingual cortex (+8.10%) (Figure 2).

ADC changes varied across regions. Decreases included the left pars orbitalis (-5.72%), right pericalcarine cortex (-5.30%), and left lateral occipital cortex (-4.92%). In contrast, ADC increases were more prominent, such as in the left paracentral lobule (+22.10%), right paracentral lobule (+14.8%), left (+16.78%), and right PCC (+8.46%). Other notable increases included the right frontal pole (+14.34%), left entorhinal cortex (+15.17%), and caudal ACC (left: +13.27%, right: +10.73%) (Figure 2).

Subcortical volume changes were also significant. The left and right lateral ventricle volumes decreased (-15.73% and -14.2%, respectively), while the right inferior lateral ventricle volume increased (+34.09%) as the left decreased (-5.74%). Asymmetrical changes were seen in the amygdala, with left volume decreasing (-9.51%) and right increasing (+20.19%), and in the accumbens area, with left volume increasing (+16.67%) and right decreasing (-16.47%). Increased volume was observed in the ventral diencephalon (right: +24.63%, left: +14.18%), pallidum (left: +13.96%, right: +12.02%), and putamen (left: +7.3%, right: +13.49%). Although caudate volume remained unchanged, ADC increased on both sides (left: +9.33%, right: +17.68%) (Figure 2).

Clustering analysis identified distinct patterns of cortical thickness changes (Figure 3). Regions with symmetrical thinning included clusters 1 and 4, encompassing areas associated with motor and executive functions, such as the paracentral lobules, postcentral gyrus, and transverse temporal cortex. These changes may reflect synaptic pruning and network optimization. Regions with symmetrical thickening, such as cluster 0, involved areas related to memory and executive functions, including the temporal pole and lateral orbitofrontal cortex. Asymmetrical left-side thickening and right-side thinning (cluster 2) were observed in memory and visual processing regions, including the entorhinal cortex, fusiform gyrus, and parahippocampal gyrus, possibly indicating neurogenesis and enhanced connectivity. Conversely, right-side thickening and left-side thinning (clusters 3 and 5) were prominent in regions associated with emotional regulation, including the anterior and isthmus cingulate cortices and medial orbital frontal cortex, suggesting differential hemispheric responses in emotional networks.






4 Discussion

Patients A and B both demonstrated significant cortical and subcortical neuroplastic changes following treatment, highlighting ibogaine’s potential in promoting adaptive neural remodeling. While the regions affected varied based on individual clinical presentations, the overarching neuroimaging patterns underscore ibogaine’s influence on pain, emotional regulation, cognitive processing, and motor function.

For Patient A (PA), a dramatic reduction in lesion volume and decreased ADC values may suggest possible remyelination and reduced extracellular space due to diminished inflammation or edema (20). These changes likely reflect improved cellular density, myelin integrity, and enhanced tissue function (17). PA also exhibited cortical thinning in the ACC and frontal pole, possibly associated with improved emotional regulation, as thinning in these areas may optimize neural circuitry through synaptic pruning (39). Conversely, cortical thickening in the PCC and temporal regions indicated potential neurogenesis or enhanced connectivity, which may support improved memory and sensory processing (40). Subcortical changes, such as decreased ADC in the hippocampus and amygdala, suggested enhanced tissue integrity, correlating with better emotional and memory processing. These findings aligned with PA’s significant improvements in mental health and cognitive function, emphasizing ibogaine’s impact on emotional and cognitive neurocircuitry.

Patient B (PB) similarly exhibited cortical and subcortical changes, with cortical thinning in motor regions likely reflecting synaptic pruning of maladaptive pathways, facilitating improved motor coordination. Cortical thickening in the entorhinal cortex and fusiform gyrus suggested enhanced neuroplasticity, potentially improving cognitive and visual processing. Subcortical ventricular alterations implied reduced neuroinflammation, contributing to symptom improvement. Clustering analysis revealed coordinated neuroplastic changes in motor and cognitive networks, aligning with PB’s marked reductions in pain and enhanced physical functioning.

Despite these differences, both patients shared common neuroplastic adaptations in emotional and affective neurocircuitry, particularly in regions such as the ACC, underscoring ibogaine’s role in modulating pain and emotional regulation networks (40). PA’s dramatic decrease in lesion volume and markers of inflammation were likely influenced by his diagnosis of RRMS, a less severe condition compared to PB’s SPMS, which may explain his greater degree of symptom remission and observed imaging improvements.

In both patients, clustering analyses highlighted that ibogaine facilitated coordinated changes across distinct neural networks, tailored to their individual pathologies. These findings suggest that ibogaine’s therapeutic effects are not only wide-ranging but also individualized, supporting its role in promoting adaptive neuroplasticity and clinical recovery. In this regard, it must be noted that the effects of ibogaine cannot be confirmed to be specific to MS and may have impacted the other neuropsychiatric comorbidities in these patients.



4.1 Possible mechanisms of regional changes

Remyelination is suggested by the lesion reduction and ADC decreases observed in Patient A, which may improve neural conductivity and reduce symptoms (41). Synaptic pruning may be responsible for the cortical thinning in specific regions, enhancing network efficiency and contributing to functional improvements (39). Neurogenesis or dendritic growth could be indicated by the cortical thickening and ADC increases, which may enhance connectivity and cognitive function. Additionally, decreased ADC in ventricles and subcortical areas may reflect reduced inflammation and edema, contributing to symptom relief.

While cortical thinning is generally linked to atrophy, it may also represent adaptive changes in the context of neuroplasticity. Synaptic pruning can enhance neural network efficiency, potentially leading to functional improvements despite reduced cortical thickness. This process is essential during development and may be recapitulated during neurorehabilitation.




4.2 Neurocircuitry involved

The modulation of pain pathways is suggested by changes in the ACC, insula, thalamus, and prefrontal cortex, which may contribute to reduced pain perception in both patients. Alterations in the cingulate cortex and frontal regions may enhance emotional processing, reducing symptoms of depression and anxiety. Remodeling in the precentral and postcentral gyri and paracentral lobules in Patient B may improve motor function and coordination. Furthermore, changes in the hippocampus, entorhinal cortex, and temporal regions may enhance memory processing and cognitive function.

Alterations in the PCC and ACC may suggest modulation of the default mode network (DMN). For PA, cortical thickening in the PCC may enhance DMN connectivity, improving cognitive functions like memory and self-awareness. For PB, changes in the PCC and ACC may alter DMN activity, reducing maladaptive rumination and pain perception. Modulation of the DMN may contribute to symptom relief in MS patients by improving functional connectivity and network efficiency.





5 Conclusion

These case studies suggest that ibogaine may induce neuroplastic and perhaps neuroregenerative changes in MS patients. The cortical and subcortical changes observed may represent adaptive processes contributing to clinical improvements. Modulation of the neurocircuitry related to pain and motor function may underlie these effects. Further research is needed to confirm these findings and explore ibogaine's therapeutic potential.
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