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Role of cannabinoid CB1 receptors in modulation of dopamine output in

the prefrontal cortex associated with food restriction in rats
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Abstract. an extensive body of literature has system in the regulation of appetite and feeding behavior in mammals. The cannabinoid CB1 receptoris abundant in the prefrontal cortex (PFC), which plays key roles in workig memory and reward. Principal
dopaminergic afferents arising from the ventral tegmental area( VTA) are crucial fnr PFC function and dopamine type 2 (D2) as well as CB1 receptors are co-expressed on ? acid ining terminals in the PFC. To elucidate the role of CB1 receptors in the regulation of dopamine release in the PFC
associated with feeding behavior in rats, we exposed Sprague-Dawley rats to a restricted food regimen, with availability of food limited to a 2-h period daily for 3 weeks. Control rats were given ad libitum access to food. Microdialysis, Western-blot as well as patch damp were performed.. Food-restricted (FR)
rats showed a marked increase in the extracellular dopamine concentration in the PFC 80 min before food presentation, with the concentration peaking during food consumption and returning to baseline after food removal. These changes were attenuated by the CB1 antagonist SR141716A but were unaffected by the
agonist WIN 55212:2. Patch clamp experiments performed in principal medial preffontal cortex (mPFC) neurons revealed that during the antidpatory phase before food presentation there s a sgnificant decrease of the inhibitory effect of WIN 552122 on the frequency of GABAergi sportanéous inhiitory postynaptic
currents (sIPSCs) in FR rats compared with control animals (one-way ANOVA: p =0.017 vs controls). Moreover, inoid -dependent i ion of GABAergic inhibition was abolished in R rats during this phase (one-way ANOVA? p = 0,001 vs controls). The basal sIPSC frequency was also
reduced in MPFC neurons of FR rats compared with control animals, suggestive of an attered control of presynaptic GABA release (one-way ANOVA: p = 0.0001 vs cnntmb]. A complex innervations between MPFC and VTA has been previously described by other authors. Briefly, evidence suggests that endocannabinoids
may modulate dopamine release in the PFC indirectly by activating CB1 receptors located on presynaptic GABAergic terminals, thereby inhibiting GABA release and resulting in disinhibition of glutamatergic neurons that project to the VTA. An increase in glutamate release in the VTA would stimulate dopaminergic
neurons that project back to the mPFC and thereby increase the release of dopamine in this region. Current-clamp recordings revealed an increased excitability in both mPFC and VTA neurons of FR animals, relative to control animals,-an effect that well correlates with the decrease of GABA release observed in mPFC
inhibitory synapses (t-Test: p < 0.05 vs controls). Finally, CB1 receptor expression in the PFC was reduced in FR rats before food presentation compared with controls accordingly with other. previews reports. Together, these data support a role for the endocannabinoid system in regulation of dopamine release in the PFC;

and they suggest that the feeding-associated increase in dopamine output in the PFC of FR rats might be due to down-regulation of CB1receptors in this brain region that in turn regulates the function of the whole meso-cortical neuronal circuitry. The authors declare no competing financial interest.

Figure 1. Effects of food restriction and CB1 ligands on extracellular dopamine concentration in
the rat mPFC. Rats were trained to consume their daily meal within a 2-h period (11:00 to 13:00
hours) (dircle symbols), or fed ad libitum (triangle down symbols), and microdialysis samples were
collected from the mPFC before, during, and after food presentation. Animals also received an acute
administration of vehicle (open symbols), WIN 55212-2 (5 me/kg, i.p., closed symbols) (a), or
SR141716A (1 mg/kg, i.p., closed symbols)(b) at 40 min before food presentation. Data are
expressed as a percentage of basal values and are means + SEM for at least four rats per group. *P <
0.05, **P < 0.01 versus basal values; *P < 0.01 versus corresponding vehicle value.
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Figure 2. Effects of food restriction on basal sIPSCs and endocannabinoid-dependent, DSI in mPFC
neurons. (A) Representative traces of sIPSCs recorded from voltage-clamped (<65 mV) mPFC neurons
in brain slices from FR rats at various times relative to food presentation. (B, C) Summary-of sIPSC
amplitude and frequency, respectively, measured for the indicated numbers of cells from control and
FR rats as in (a). Data are means £ SEM. *P <0.05 versus control rats. (D) Depolarization (5 s)-induced
reduction in sIPSC frequency (DSI) in mPFC neurons from control rats. (E) Lack of effect of the DSI
protocol on sIPSC amplitude in mPFC neurons of control rats. (F) DSI recorded in mPEC neurons from
FR rats at 5 min before food presentation. (G) Summary of the percentage change in sIPSC frequency
from baseline induced by depolarization in mPFC neurons from control rats or FR rats at.different
times relative to food presentation. Two-way ANOVA and Bonferroni post-hoc test, *P < 0.05; *#1P <
0.0001 versus control.
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Figure 3. Effects of food restriction-on suppression of SIPSC frequency in mPFC neurons by, WIN
55212-2, baclofen, or quinpirole. (A) Effect of 5 M WIN 55212-2 and subsequent coapplication of 1
MM SR141716A on sIPSC frequency in mPFC neurons from control animals. Data are means £ SEM. (B)
Effect of 5 UM 'WIN 552122 on sIPSC frequency in mPFC netirons from control rats and FR rats at 5
min before food presentation. Data are means + SEM. (C) Summary of the percentage change in sIPSC
frequency from baseline induced by WIN 55212-2 in mPFC neurons from control and R rats tested at
different times relative to food presentation. Data are means *+ SEM for the indicated numbers of
neurons. Two-way ANOVA and Bonferroni post-hoc test, **P < 0.01.versus control. (D, E) Effects of 10
{1M baclofen and-1uM quinpirole, respectively, on sIPSC frequency.in mPFC neurons from control and
FR rats at 5 min before food presentation. Data are means + SEM. (F) Summary of the percentage
change in sIPSC frequency from baseline induced by WIN 55212-2, baclofen; or guinpirole in control
and FR rats at 5 min before food presentation. Data are means + SEM. *P.<0.05 versus baseline, P <
0.05 versus corresponding control.
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Figure 4. Effect of food restriction on CB1 receptor expression in the mPFC (western blot and
immunofiuorence experiments). (A) Protein extracts prepared from the mPFC of control or FR rats at
the indicated times relative to food presentation were subjected to immunoblot analysis with
antibodies to CB1 and to GAPDH. Representative blot as well as quantitation of the CB1/GAPDH ratio
(means  SEM for 5 to 10 rats) are shown. 'P < 0.001 versus control rats. (B) Effect of food restriction
on the amount of CB1 receptors in mPFC obtained by confocal images of CB1 receptor (CBIR green,
nuclei blu) and relative histogram, *P< 0.001 versus control rats. (C) Confocal images of CB1 receptor
(green) localizzazion in CCK positive neurons (red, nuclei blu) and relative histogram, ‘P < 0.001
versus control rats; (D) Semiquantitative determination of the abundance of the cluster GAD65/CB1
receptor as determined by image analysis of the immunohistochemistry data. Results are expressed
as percentage of change in cluster numbers relative to control rats and are mean + SEM of values of 5
rats for each experimental group. *P < 0.005; **P<0.001 vs control; image scale bar 10 um.
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Figure 5. Effect of FR on mPFC and VTA pyramidal neurons excitability. (A)

Figure 6. locomotor activity in FR and control animals. Locomotor activity was

membrane voltage responses to negative (-80 pA) and positive (140 pA) current pulses applied to
single mPFC pyramidal neurons of control and FD rats. (B) Scatter plot representing the quantitative
effect of increasing depolarizing current steps on AP frequency in mPFC neurons of control and FR
animals. *P <0.0001, two-way ANOVA. Data are expressed as means + SEM and were obtained from
8 animals. (C) VTA dopaminergic neurons show a typical Ih current when the membrane is
hyperpolarized starting from -100 mV. (D) Representative traces of spontaneous AP firing recorded
from single VTA dopaminergic neuron from control and FR rats. (E) Bar graph representing the
quantitative effect of FR on  spontaneous AP firing recorded in VTA dopaminergic neurons. *P <
0.0001 vs control, unpaired t-Test. Data are calculated from 8 animals, including 16 cells from
controls, and 18 cells from FR animals.
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assessed in a motility meter after 3 weeks of food restriction. The different parameters measured
were: horizontal activity (A, B), total distance traveled (C,D), and vertical activity (, F) that were
averaged in bins of 5 min, for 30 min. Data in graphs are means  SEM (n = 4 per group) of the
absolute values of the different measures. *P< 0.05 vs. control animals, one-way ANOVA.
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Conclusions
v'The FR paradigm causes a severe increase of DA in rat mPFC relative to food presentation.
v'This effect is strictly correlated to CB1R function on GABAergic terminals.
v'The decrease of CBIR is associated with the upregulation of presynaptic receptors such as GABABR and D2R in GABAergic
terminals, resulting in a depression of probability of GABA release.
v'The FR-induced decrease of GABA release in mPFC, leads to an increase of the whole mesocortical circuitry with a parallel
increase of neuronal excitability on both principal neurons in mPFC and VTA DA neurons.
Y All this changes seem correlated with a general increase of locomotor activity observed in FR animals with respect to

These changes underscore the key role of CB1 receptor signaling in control of the dopamine response to sustained motivated
feeding behavior. Our results may provide a basis for the development of strategies that target CB1 receptors for the
treatment of obesity and other eating disorders
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time in PBS.T, reincubated for 1 hwith 10% of goat serum in PBS-T and incubated overnight at 4°C with CB1 receptor primary antibody. The day after the sections
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