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INVESTIGATING NEURAL CIRCUITRY LEVEL CHANGES FOLLOWING CHRONIC 

DRUG ABUSE WHICH CONTRIBUTE TO ADDICTION

• Addiction and drug abuse severity might occur as a result of network level changes in the brain 
and not restricted to one or a few brain regions. The coordinated physiological interactions 
across multiple sites is perhaps decoupled or skewed from normalcy. 

• A systems level approach needs to complement reductionist approaches. 

• Investigate the neural circuitry directly activated/deactivated by drugs of abuse, drug associative 

sensory cues, and changes in function and structure following chronic administration. 

• A growing number of MRI experiments are now examining synchronous changes in BOLD • A growing number of MRI experiments are now examining synchronous changes in BOLD 

across multiple brain regions. The brain during rest appears to continuously oscillate at a very 

low frequency (below 0.1Hz).

• Cocaine, heroin, alcohol had all been shown to be associated with a reduction in, or at least an 

altered, resting state BOLD activation. 





Resting State Activity in the Brain

“A striking feature of the recordings of brain oxygen 

availability in man is their fluctuating nature.”availability in man is their fluctuating nature.”

“The fluctuations are irregularly rhythmical changes 

in amplitude, occurring at a frequency of about 6 

waves per min. They were seen, to a greater or less 

extent, at almost all electrodes. The fluctuations at 

different electrodes appeared to be independent of 

each other, even when the electrodes were only a 

few millimetres apart, and they also occurred at 

different frequencies. Their frequency range and 

their independence from region to region show that 

these fluctuations are not directly due to changes in 

respiration or cardiac pulsations or output.”

Cooper et al BRES 1966



SEED REGIONS:

1) Mesolimbic (NAc, VTA)

Responding to rewarding stimuli

2) Amygdala, Hippocampus

Memory functions, especially related to learning cue 

and context associations

3) Mediodorsal thalamus

An intermediary node linking midbrain and prefrontal 

cortex, and a key component of thalamo–cortico–
basal ganglia circuits implicated in aberrant habit 

learning disorders

Gu et al NeuroImage 2011

Cocaine dependent subjects show reduced functional ‘connectivity’ with regions of the 
mesocorticolimbic system. 

The MCL networks include VTA, NAc, amygdala, thalamus, prefrontal cortex and hippocampus

learning disorders

4) Prefrontal/orbitofrontal cortex (PFC/OFC) and 

anterior cingulate cortex (ACC)

Involved in emotional regulation, cognition and 

executive function, especially inhibitory control 

processes



REDUCED RESTING STATE ‘CONNECTIVITY’ 

WITH CHRONIC COCAINE USE
Similar network level changes are reported across the 

recent literature:

Wang et al PLoS One 2013 Heroin dependence

Park et al JNS 2010 Alcohol dependence

Motzkin et al HBM 2014 Substance dependence

McHugh et al Frontiers in Psychiatry 2014 in association 

with relapse risk

Gu et al NeuroImage 2011

with relapse risk

McHugh et al Am J Drug & Alc Abuse 2013 in association 

with impulsivity

Li et al MRM 2000 as a consequence of cocaine 

administration

Kelly et al Bio Psychiatry 2011 reductions in 

interhemispheric connectivity in cocaine addicts

Cisler et al Psychiatry Res 2013, Altered rsFC in similar 

networks



EFFECT OF DOPAMINERGIC AGENT ON RESTING STATE 

FUNCTIONAL CONNECTIVITY IN AN ANIMAL MODEL

• Oral syringe-dosed delivery of KB220Z, a nutriceutical consisting of various supplements 

along with enzymatic inhibitors and neurotransmitter precursors targeting biochemical 

events regulating dopamine levels in the brain. 

• Syringe-dosed animals may reflect lingual or buccal absorption of part of the dose, 

involving rapid absorption through the capillaries of the mouth. In contrast, the entire dose 

in the gavage-dosed animals would have been subjected to first-pass hepatic metabolism; 

therefore, more of the dose would have been exposed to first-pass metabolism before therefore, more of the dose would have been exposed to first-pass metabolism before 

being distributed throughout the body. (Matsui et al., 1999 Drug Metab Disp; Atcha et al., 

2010 J AALAS).

• Measure ‘seed’-based resting state functional connectivity within regions of the reward 

system of the rat brain. 

• It was predicted that by enhancing dopaminergic activity, there would be an enhancement 

of rsFC compared to vehicle controls. 
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SUMMARY

• The present study illustrates the modulatory actions of a putative DA agonist (KB220Z) 

upon rsFC in association to a key region of the reward system, the NAc. We find that 

KB220Z increased connectivity between this central striatal reward structure and areas of 

the brain that are critical for cognitive processing, the dorsal hippocampus and anterior 

thalamus.

• Moreover, there is evidence of recruitment of additional brain structures such as 

hippocampus, anterior thalamus, and somatosensory regions indicating inclusion of these hippocampus, anterior thalamus, and somatosensory regions indicating inclusion of these 

regions in the putative neural network. 

• The discovery that KB220Z increases functional connectivity has enormous implications 

for treatment of psychiatric conditions like RDS. Re-establishment of baseline 

connectivity, prior to drug use and addiction, could be a strategy that may be targeted 

through the diagnostic use of resting state functional MRI and may be supplemented by 

administration of KB220Z. 
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