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Somatostatin interneurons of prelimbic cortex in regulating morphine-
induced behavior changes

HOU Wei-Qing, LIU Pei-Pei, WANG Xue-Ying, MA Lan, WANG Fei-Fei’
The State Key Laboratory of Medical Neurobiology and Pharmacology Research Center, School of Basic Medical Sciences, Fudan
University, Shanghai 200032, China

Abstract: Drug addiction is a chronic psychiatric disorder characterized by compulsive drug taking, and involves neuronal plasticity
changes in multiple brain regions. The prelimbic cortex (PrL) is a key region of the dorsomedial prefrontal cortex and contains majority
of pyramidal neurons. The excitatory projections from PrL play a very important role in the drug seeking behaviors. PrL also contains
a small amount of GABAergic interneurons, which regulate the information integration and transmission of the pyramidal neurons.
However, the roles of the GABAergic interneurons in PrL in drug-induced behavior changes are not clear. In the PrL, parvalbumin
(PV) and somatostatin (SST) interneurons are two major GABAergic interneurons, which have been reported to regulate the activity
of glutamatergic input, and form inhibitory synaptic transmission to regulate the output of downstream signals. Here, we used PV-Cre
and SST-Cre mice combined with chemical genetics to explore the role of PV and SST interneurons in PrL in morphine-induced
behavior changes. Our data showed that specific inhibiting SST interneurons in PrL significantly increased the anxiety level and
decreased morphine-induced locomotor activity and the conditioned place preference (CPP) score. Instead, specific inhibiting PV
interneurons in PrL had no effect on the anxiety level, morphine induced-locomotor activity and CPP. Our findings provide a new
insight into the cellular and neuronal specific mechanism for drug addiction.
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PV-Cre: AAV-DIO-hM4Di-mCher
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Virus expression D1 = D2 = D3 Pre IE \I’ IEI Test N
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CNO injection (1 mg/kg;i.p. 30 min prior to test)

1. e P 2288 A 2 T B 57 T T/ 0 B BT 5 B 5 I [X PV RIS S T2 T 1k

Fig. 1. Specific inhibition of the parvalbumin (PV) and somatostatin (SST) neuron activity in prelimbic cortex (PrL). 4: Structure
diagram of AAV-EF1a-Dio-hM4Di-mCherry and AAV-EF1a-Dio-mCherry. Two pairs of heterotypic, antiparallel loxP recombination
sites were used to achieve Cre-mediated transgenes inversion, and to induce the virus expression under the control of EF1a promoter.
B: Schematic of the virus injection in PrL. C: The representative images of PV/SST and mCherry co-containing in the mice following
4 weeks of virus injection. Green: PV/SST; Red: mCherry; Scale bar: 50/100 um. Arrows indicate the PV/mCherry or SST/mCherry
colocalized cells. D: Schematic of the experimental procedure to study the effect of inhibitory interneurons in PrL on the locomotor
activity, anxiety level and morphine-induced behavior changes of the mice. OFT: open field test; EPM: elevated plus-maze test; CNO:
clozapine-N-oxide; M: morphine; S: saline.
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Fig. 2. The effect of selective inhibition of PrL. PV/SST interneurons on the locomotor activity and the anxiety level of the mice. The
SST-Cre/PV-Cre mice were injected with AAV-EFla-Dio-mCherry or AAV-EF 1 0-Dio-hM4Di-mCherry in PrL, and recovered for 3
weeks. A-B: Open field tests: quantification of the total distance travelled, the time in the center and the center entries of SST-Cre (4)
and PV-Cre (B) mice. Selective inhibition of PrL SST/PV interneurons had no effect on the basal locomotion of mice. C—D: Elevated

plus-maze (EPM) tests: selective inhibition of PrL SST (C) and PV (D) interneurons on the anxiety level of the mice. Student’s -test,
P <0.05. Data are presented as mean = SEM, n =10—15 per group.
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Fig. 3. The effect of selective inhibition of PV/SST interneurons
in PrL on the morphine-induced locomotor activity. The SST-
Cre/PV-Cre mice were injected with AAV-EF1a-Dio-mCherry
or AAV-EF1la-Dio-hM4Di-mCherry in PrL, and recovered for
3 weeks before the behavior test. A: Selective inhibition of SST
interneurons in PrL decreased the morphine-induced locomotor
activity. B: Selective inhibition of PV interneurons in PrL had
no effect on the morphine-induced locomotor activity. Two-way
RM ANOVA by a Bonferroni post-hoc test. "P < 0.05 vs control
virus group (SST-mCherry). Data are presented as mean + SEM,
n = 10-16 per group.
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Fig. 4. The effect of selective inhibition of PV/SST interneurons
in PrL on morphine-induced conditioned place preference (CPP).
The SST-Cre/PV-Cre mice were injected with AAV-EFla-Dio-
mCherry or AAV-EFla-Dio-hM4Di-mCherry in PrL, and
recovered for 3 weeks before the CPP test. 4: Selective inhibition
of SST interneurons in PrL decreased morphine-induced CPP
score (F = 0.662; P = 0.044). B: Selective inhibition of PV
interneurons in PrL had no effect on morphine-induced CPP
score (= 0.006; P = 0.938). Two-way RM ANOVA by a Bon-
ferroni post-hoc test. P < 0.05. Data are presented as mean +
SEM, n = 11-13 per group.
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