Northeastern Ibogaine Induced Dose-Dependent Changes in Global Brain Activity and Connectivity Using fMRI

i/ University R. Rienecker?, N. Cavallaro!, N. Rao!, A. Stefanski?, H. Mukhtar Ghumman?, R.J. Ortiz3, S. Soltanpour4, D. Madularu>, P.P. Kulkarni?, C.F. Ferris?
!Pharmaceutical Sciences, 2Psychology, Northeastern University, Boston, MA; 3Northern lllinois University, DeKalb, IL; “Carleton University, Ottawa, ON, Canada; >McGill, Ottawa, ON, Canada

Center for
Translational
Neuro-Imaging

INTRODUCTION BOLD Response Time Course in the Thalamus Ibogaine High Dose Universe Plot RESULTS
. . : Thalamus Vehicle Ibogaine :

Ibogaine is a naturally occurring alkaloid from the root bark 45 e Pharmacological fMRI

of the Tabernanthe iboga shrub with traditionally ritualistic L === |bogaine 25 mg/kg “ yehicle * Significant Positive BOLD response greater than VEH,

use. Broad pharmacology shows interactions with Sigma, g , E oo _ A\ negligible Negative BOLD response

Serotonin, Opioid and NMDA receptors, and it is known to  ° |PositiveBOLD A YW | Resting State Functional Connectivity

cause Hallucinogenic effects. A dose-response project was g 1 '"’ei" T T " A g - Ibogaine increases activity in the motor cortex, without

conducted with rats studying global brain activity using o T T T O e activation of the Hypothalamus

fMRI and resting state functional connectivity on fully E T R Gl s Dose-Response

awake male and female rats. The goal of this study was to O R G e  Low-Dose decreases connectivity to the Midbrain

, : @ Negative BOLD N 1 g L T T g :

map brain areas that may show any changes after Ibogaine £ -2 - Y Wr g Wy 1. Ventral Togmental Area @ Gerebral Gorten oot Forabra  High-Dose engages the Cerebellum

o o . U "l - i) | T . 2. Substantia Nigra Hippocampal Formation @ Sensory Relay Nuclei

InJeCtlon- BE. _3 d ?Ilp’:':r::il Compacta ® Hypothalamus Amygdala

il . Substantia Nigra idbrain
i Image Acquisitions (10/min) :ets;‘;g‘;”rjus . ‘E‘t%t%:r’;ysysmm
i ® Cerebellum Brainstem Cranial Nerve
METHODS Positive BOLD Heat Maps Midbrain Dose Response CONCLUSIONS
: : : Positive BOLD Heat Maps 3D Reconstuctions Midbrain C g . C e e .

« Animal Model: The experiment included 48 rats (24 — ibogaine>vehicle P <o P x  Significant Positive BOLD response following injection
male, 24 female) that were divided into 4 cohorts. Each a, Brain Reglons Brain Areas denotes substantial increase in blood flow.
received doses measured as Vehicle (VEH), 1 mg/kg Olfactory Bulbs — Baes e | ns l » Positive BOLD heat map points to an increase in blood
(Low), 5 mg/kg (Med) and 25 mg/kg (High) of Ibogaine o p "/fi":i::;"motor » Ted” i flow and activation in the Thalamus.

HCI, with 12 rats (6 male, 6 female) in each cohort. RS C*"\i&\ atfteriorelnglate L — * |bogaine Dose Response indicates a Non-Monotonic
. . . . ctx Thalamus . "Amygdala 100 - * ns ns . .
* Acclimation: The rats were first subjected to 5 days of “blue” ), “yeflow” : pattern from Low dose to High dose, with comparable
acclimation before scanning. Scanning was 45 minutes C. Sensorymotor | WY motor ctx oy 80- e voxel numbers between Vehicle and low dose while the
. . Ctx ——> -é_-._.——-anterior cingulate > . . . . L.
total, and included a T2 anatomy scan first, followed by ctx SO W Midbrain : High dose sees a major increase in voxel activity.
a Functional MRI scan, with lastly a resting state Striatum—"" 8 * |njections of the High dose of Ibogaine triggered
functional connectivity scan. -etroaplenial cix o frontal plane connectivity in the Ventral Tegmental Area, the
. o« o . . i - edulia i . . . .

» Study Drug: Ibogaine was administered 5 minutes into d. "iPPocamPLs_ g %gg;g, oreal . CPINK” ST view Substantia Nigra Compacta and the Substantia Nigra
the scan via IP injection. Both acclimation and scanning Thalamus —&5 ¢ 157 s —reticular n. — Reticularis to other areas of the brain, indicating neural
was conducted using reverse L/D cycles to maintain the DS NGl J2ér=—central amygdala <,><°% 06% N stimulation,

tural circadian rhyth f the rat Hypothalamus =" "X ‘“—cortical amygdala  Cortex_ § Voot N « D d activity in the Midbrain followi L
natural circadian rhythms of the rats. |atef| b vpotfislamus | ecreased activity in the Midbrain following a Low

* |maging: Brain imaging used a 7.0 Tesla Bruker Biospec e. D visual 1 ctx dose, but an increase with each subsequent dose.

: ) ) : . Visual Ctx—% ‘_‘;’posterior fhalac s . o . . . o
horizontal magnet, with image analysis being broken up Thatamus —L W e D A Percent Voxel Number Difference Between Vehicle » High dose of Ibogaine saw an increase in engagement
into 3 stages; pre-processing, processing, and post- . \*—— substantia nigra (e ey N and High Dose with the Cerebellum and Somatosensory Cortex, with a
- ventral tegmental area : -
processing. | | — gmenal ar o P — decrease in connection to the Hypothalamus.
* Pre-processing; Pre-processing consisted of Cerebellum & 2. 3rd lobule CefbRNum o . . >
denoising due to unwanted movement and hardware e — A Nparabrachial n R g 25 | s0] WD 1085 ) ::Z =
° ° ° - - n [«1]
results, and skull stripping to remove non-brain notor trigeminal S 20 40-] =" [, 2 FUTURE DIRECTIONS
. pontine reticular n. T - - ; I =
tissue. 0 § 15- 30..... 8= ......_}:.._.,0 2
. . . . . osterior————, > b N 25 T 5 % . .
SPurgjceeCstsi;i zn;ndea;i ;rglg [;chReaT;?g;I:g l;gggls \z; ,ea\at?:s Cerebellum __—locus coeruleus  Thalamus 5 1:__ :_ ..... ,......-.-._.-.i...,_-o10 s Bgthalecf)ral Tests to assess potential for substance-abuse
& | & - 10 o mitigation;
. . . . Medulla Xeci 1.0 i . . .
and mapped to each anatomical brain location using \ a‘;';: s ex¥ pia T 2 T ven aame sl  Conditions Placed Preference Tests (Reward Stimuli)
. . . . obule 0.1 v AR .« . . . .
voxels assigned to a brain region. [Postorior___/} « S s PR A * Intravenous Self-Administration Tests (Addiction)
. . . erepelium o - U " . .
» Post-Processing: The activated voxels in 169 of the 7SR retro = 0t dyellow” o * Craving Incubation Tests (Relapse)
brain areas was measured and compared across the Yy Medulla == tegmentain. L, Medulla Hypothalamus Can be applied to anti-addiction treatments:
: : “pink” . . :
Vehicle and Ibogaine doses. i 359 —— a0 10 » Opioid-Use Disorder
« Statistical Analysis: Analysis was done by recording g 307 30 A o 3 e Alcohol-Use Disorder
I I + 0 ° ° ° é 25—|- ] =
BOLD signal changes that differed by +1% from the Ibogaine Brain Dose Response Normalized 3 20- 20- " b0 S
Vehicle baseline following IP injection. After these 2 45 . T [ T
values were retained following processing, they were *ok § 104 ) _-E'_ . 3 ACKNOWLEDGEMENTS
assigned to each of their 169 regions by voxel and the cex | g | | | LAl .
. . . 1 1 -10 | - | | . .
changes in activity were measured. | | Veh 25mg Veh 25mg 25minus Veh We thank the National Institute on Drug Abuse (NIDA)
R Drug Supply Program for providing the ibogaine HCl used
NS kK in this study, and Ekam Imaging for funding this work.
25—
E 20~ | ; :/th I Somatosensory Cortex
£ = mo 35- | 70
Z 15 L = 5.0mg E 30 60-]p = 0.0003 - -60
Q 4 - 1]
§ - = 25mg § 25 ] o] MD 17.00 L B
- . . o
5 Day Acclimation € 10 2 205 40- o
g 5 - :? 15— 30—_ ............... L= .. 20 %
L Y E 10 <0 -0 § NIDA a EEEEEEE
- / LR PO L&D | = i EKAM
Q '&és\ (QQ <°°-" (005 0 I | 0 T T T -20 égighcééoﬁ ” ' 5 EmmmE |
Awake Imaging ’\9 bg ‘f) Veh 25 mg Veh 25 mg 25 minus Veh 50 years Y EEEEEENE THE IMAGE OF DRUG DISCOVERY




	Slide Number 1

