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Addictive drugs enhance
dopamine transients
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e How the DA transients are enhanced?




VTA circuitry

* Inhibitory input — GABA;
suppresses electrical activity

* Excitatory input — Glutamate
(Glu) enhances electrical
activity

* Transient excitation evokes
bursts, which cause the
dopamine transients
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VTA GABA synchronization

A B
o e GABA neurons are

synchronized across
shanks and
electrodes

e
o N

electrode number

e Spikes are
correlated within 1
msec, but slightly
off zero

e About 30% of all
GABA neurons are
synchronized

Myroshnychenko et al. i
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The role of the GABA population
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Conductance-based modeling
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Synchronized GABA
increases bursting

PFC raster
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GABAergic
population
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GABAergic
population
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GABAergic
population

ing

PFC raster

Synchronized GABA
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Synchronized GABA
increases bursting

PFC raster
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Synchronized GABA [/ /

increases burstlng

PFCraster
! 1) L 1l

% W [[ “ 1) “
0

)
'I?Eﬂ{l 7600 ??DD 7800 11500 11550 11600
time (ms) time (ms)

GABA g

Na©
o

Firing rate

e Variable synchrony of the GABA population switches the
system from GABA inhibiting to GABA enhancing bursting
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How EtOH enhances DA
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How EtOH enhances DA
transients?

* EtOH increases excitability of the DA neuron:

Hyperplarization-activated cationic current Ih (Okamoto et
al. 2006, Brodie and Appel 1998, Tateno etal. 2011)
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GABA-induced bursts require
no NMDA in EtOH

Control DA neuron firing rate Ethanol; NO NMDA
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GABA-induced bursts require
no NMDA in EtOH

Control DA neuron firing rate Ethanol; NO NMDA

3B
N
I

25

20

15 =

e Tonic NMDA activation facilitates high-
frequency responses to GABA input
0 ° e High frequencies are evoked by
simulated EtOH influence
e The combination of EtOH and NMDA
evokes the greatest frequency increase
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GABA-induced bursts requlre
no NMDA in EtOH

0 B Glu raster (input to GABA neuron)
E 5 ||IF|I l|"| | H||‘|||||l| I .'lll II 'lll’: 1‘“ ", "“:r!i'l T |l"|.”||I|'I| 1
X g e T ! 1 1t Ll P y
g 0 I lllllﬂl “I"II IIIl lhll I IIII l’lllhll I'I'I"“II I I I‘ll Illl (|
GABA raster
.,!- d" '“ i'u‘-.!.?.,w? lj'.i.. fft fﬂw) a:j\';"-.ﬂﬂﬂ‘-.‘ Hul,ﬁ'u ? H‘-.ﬁ-.‘.l,i{-.'-”! ? 1”-.'-,‘-. F' H‘n-.&.'.,u.‘ I‘J'.mf.- fit ) ?!'u il';n"-.L?..'.-:*
;;; :”!lj;;;)ﬁg-. %l'{:{s r;f':,‘]? “'.“ \!: ,p;}“ lS!i, r; { ¢;;;;.? ':.lﬁl. %h ;:j}'m ?( é zif‘}w El,l. ,t;;." F':'ﬂ (i {Tffﬂ.{? (m
% " *m A e AR "t (] l'*?» i it e ﬁ!ﬁa’ri,cﬁi"w Gl
; D GABAR synaptic activation
0
0 F DA neuron voltage
o i
< -40
& -60
S -80 uJ&JMW)JUMJMWMMJMJMJ UMMJ JJ}
0 1000 2000 3000 T ( 4)000 5000 6000 7000 8000
ime {ms




Ethanol targets

Glu inputs
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GABA network

di Volo et al. in prep.




Ethanol targets
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Ethanol modulation of DA -
neuron firing
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Ethanol modulation of DA

transients

e DA transients follow the firing pattern of the neuron
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Summary

* Synchronous input from GABA neurons increases bursting and
firing rate of the VTA DA neurons

Ethanol facilitates DA neuron firing via synchronized GABA
inputs

Inhibitory inputs (e.g. NAc) gain control of the VTA
Ethanol influences how the VTA processes Glu inputs:

low-frequency Glu input evokes greater DA neuron
excitation

* The code will be available after publishing
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Precision of the
synchronization required
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Dopamine neuron

Activity patterns: low-frequency firing and high-frequency bursts
The bursts cause a higher release of DA

In vivo, bursts are linked to unpredicted reward

In vitro, bursts are inked to transient synaptic activation

Robinson et al. 2009
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Syncronized GABA input
produces DA transients

Glu raster (mput to DA neuron)
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Synchrony of GABA population

* Variable synchrony of the GABA population switches the
system from GABA inhibiting to GABA enhancing bursting

Glu raster (mput to GABA neuron)
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