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Mechanisms of the mu opioid receptor-mediated cholinergic activity in the nucleus
accumbens
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Nucleus accumbens (NAc) is one of the terminal areas of mesolimbic dopaminergic
neurons that project from the ventral tegmental area. NAc contains cholinergic neurons and animal
experiments have shown that selective depletion of these neurons _impairs cognitive function, including
memory. Opioids are applied to control persistent pain and amnesia is a recognised adverse effect. There
are three subtypes of opioid receptors: mu, delta and kappa. Accumbal cholinergic neurons express delta
and mu receptors that are thought to exert inhibition of cholinergic activity. In the present study, we
analysed the roles of delta and mu receptors in the regulation of accumbal acetylcholine efflux of freely
moving rats by using in vivo microdialysis. We also studied the noradrenaline-dopamine interaction in the

nucleus accumbens.
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Effects of the infusion of CTOP (3 nmol) on the EM-1 or 2 (30
nmol)-induced decrease of ACh efflux in the nucleus accumbens.
The data are expressed as the mean of change in 15 min
observation periods after onset of EM-1 or 2 infusion. Vertical bars
indicate S.E.M. The dotted line above the abscissa indicates the
period of CTOP perfusion (30 min) that commenced 30 min before
onset of EM-1 or 2 infusion. The thick line indicates the period of
infusion of EM-1 or 2 (30 min).
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Effects of the propranolol (1200 pmal) on the co-administration of
dobutamine (0.12 pmol} and salbutamol (3.6 pmol)-induced increase of
dopamine (DA} levels in the nudleus accumbens (n = §; dosed squares).
The data are expressed as the mean of change in 20 min observation
periods after onset of 60 min-infusion of the B-adrenoceptor agonists.
Vertical bars indicate S.EM. The hatched bar above the abscissa
indicates the period of propranolol perfusion (80 min) that commenced 80
min before onset of B-adrenoceptor agonists infusion. The filled bar above
the abscissa indicates the perod ofinfusion of vehicle or the cocktail of B-
adrenoceptor agonists (80 min). The asterisks represent the stafistical
comparson per ime point between dobutamine .12 pmol + salbutamal
3.6 pmol with or without propranclol 1200 pmol pretreatment (post hoc
Scheffe’s test: P = 0.05). The bar graph depicts % of area under the curve
(AUC) of the accumbal dopamine (0A) response to the infusion of vehicle
or the B-adrenoceptor agonists during the 0—180-min interval following the
onset of the infusion with orwithout propranol ol pretreatment.
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A 60-min infusion of 5-methylurapidil [6 pmol (n=5; closed diamonds)]
followed by a 80-min infusion of methoxamine (24 pmol) failed to affect
the noradrenaline (NA; upper panel) level in the nucleus accumbens, but
inhibited the methoxamine (24 pmol)-induced decrease in the dopamine
(DA; lower panel) level in the nucleus accumbens. The data are
expressed as the mean change in 20-min observation periods after
onset of a 60-min infusion of methoxamine. Vertical bars indicate SEM.
The open bar above the horizontal axis indicates the period of infusion of
vehicle or 5-methylurapidil (60 min). The filled bar above the horizontal
axis indicates the period of infusion of vehicle or methoxamine (60 min).
*Comparisons per time point between 24 pmol methoxamine and

6 pmol 5-methylurapidil + 24 pmol methoxamine that achieved statistical
significance (post-hoc Scheffé’s test: P <0.05).
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A 80-min infusion of cyclazosin [0.6 pmol (n=5; closed diamonds)]
followed by a 60-min infusion of methoxamine (24 pmol) did not alter the
noradrenaline (NA; upper panel) level in the nucleus accumbens, but
counteracted the methoxamine (24 pmol)-induced decrease in the
dopamine (DA; lower panel) level in the nucleus accumbens. The data
are expressed as mean change in 20-min observation periods after
onset of infusion of a 60-min infusion of methoxamine. Vertical bars
indicate SEM. The open bar above the honzontal axis indicates the
period of infusion of vehicle or cyclazosin (60 min). The filled bar above
the horizontal axis indicates the period of infusion of vehicle or
methoxamine (60 min).*Comparisons per time point between 24 pmol
methoxamine versus 0.6 pmol cyclazosin + 24 pmol methoxamine that
achieved statistical significance (post-hoc Scheffé's test: P<0.05).
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A 80-min infusion of BMY 7378 [0.6 pmol (n=5; closed diamonds)]
followed by a 60-min infusion of methoxamine (24 pmol) did not affect
the noradrenaline (NA; upper panel) level in the nucleus accumbens. but
it suppressed the methoxamine (24 pmoll-induced decrease in
dopamine (DA; lower panel) level in the nucleus accumbens. The data
are expressed as mean change in 20-min observation periods after
onset of a 60-min infusion of methoxamine. Vertical bars indicate SEM.
The open bar above the horizontal axis indicates the period of infusion of
vehicle or BMY 7378 (60 min). The filled bar above the horizontal axis
indicates the period of infusion of vehicle or methoxamine (60 min).
*Comparisons per time point between 24 pmol methoxamine versus
0.6 pmol BMY 7378 + 24 pmol methoxamine that achieved statistical
significance (post-hoc Schefié's test: P < 0.05).
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Simultaneous activation of a;-, oyp- and
ayp-adrenoceptor subtypes in the nucleus
accumbens reduces accumbal dopamine efflux in
freely moving rats. Yuri Aono, Hiroko Taguchi,
Tadashi Saigusa, Takuya Uchida, Koji Takada,
Hatakazu  Takiguchi,  Tetsuo  Shirakawa,
Noriyoshi Shimizu, Noriaki Koshikawa and
Alexander R. Cools. Behavioural Pharmacology
26,2015, pp. 73-80.
doi: 10.1097/FBP.0000000000000113

Synergistic, but not separate, stimulation of
accumbal f;- and p,-adrenoceptors alters the
accumbal dopamine efflux in freely moving rats.
Yuri Aono, Tadashi Saigusa, Hiroko Taguchi,
Takuva Uchida, Koji Takada, Noriaki Koshikawa
and Alexander R. Cools. European Journal of
Pharmacology 715, 2013, pp. 363-3609.
doi: 10.1016/j.ejphar.2013.04.035.
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Intra-accumbal infusion of endomorphin-1
and  endomorphin-2  decreases  accumbal
acetylcholine efflux via mu2 receptors in the
nucleus accumbens of freely moving rats
Tadashi Saigusa and Yuri Aono
Neuroscience 2015, October 17th-21st, 2015,
McCormick Place in Chicago, Chicago, USA
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Intra-accumbal administration of
endomorphin-2 decreases acetylcholine efflux via
mu receptors and increases dopamine efflux
independent of mu receptors in the nucleus
accumbens of freely moving rats.
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