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Patients suffering from neuropsychiatric disorders such as substance-related

and addictive disorders have impairments in decision-making, which may be associated with their
behavioral abnormalities. However, the neuronal mechanisms underlying such impairments are largely
unknown. Using a gambling test, we demonstrated that methamphetamine (METH)-dependent rats choose a
high-risk/high-reward option more frequently, and assign higher subjective value to high returns,
than control rats, suggesting that decision-making is impaired in the drug-dependent animals.
Immunohistochemical analysis following the gambling test revealed aberrant activation of the insular
cortex (INS) and nucleus accumbens in METH-dependent animals. Pharmacological studies together with

in vivo microdialysis showed that GABAergic neurotransmission in INS played a crucial role in
decision-making. Moreover, manipulation of INS activation using DREADD technology resulted in
alterations to decision-making.
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Fig. 1 Rats were given METH at a dose of 4 mg/kg once a day for 30 days. The gambling test was initiated

after 2 weeks of withdrawal from METII. a, Perfor

ce of METH-dependent rats in the gambling test
Values are means = SE (n = 5-6). *, P < 0.05. b, Number of entries into empty arms. Values are means +

SE (1=5-6). n:s.: not significant.
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Fig.2. a, Representative photograph of the expression of
bM3Dg-mCherry in the insular cortex (INS). B, saline  METH METHAehicle METH/CNO
Representative photograph of c-Fos expression induced by
CNO ftreatment in the INS of hM3Dgq-overexpressed rats. A

T N performance. a, motivational value of large reward. b,
Scale bar: 50 pm. ¢, Quantitation of c-Fos expression motivational value on CNO-treated hM4Di expressing METH rats.
induced by CNO treatment i the INS of hM3Dgq- * P<0.05.
overexpressing rats. Rats were sacrificed 1.5 h after CNO
treatment. Values are means + SE (n = 4-5). * P <0.05
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Fig.3 Manipulation of neural activity in the INS using the DREADD technology
resulted in alterations of arm-choice behavior in the gambling test in normal rats. a,
hM3Dq was overexpressed in the insular cortex (INS) of naive rats. The rats were
given i.p. injections of CNO (0.5 mg/kg) or vehicle 30 min before each gambling
test. Values are means - SE (n=4). ,P<0.05. b, Effect on number of entries GABA
into empty arms. Values are means — SE (n=4).
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Fig. 6 Manipulation of direct pathway in NAc using the DREADD 100%
technology resulted in alterations of arm-choice behavior in the <
hM 4Di gambling test in normal rats. Both AAV-SP-ITA and AAV-TetO- g 50%
hM3Dq-mCherry were infused bilaterally with a glass mictopipette in —E
CNO the NAc. a, The rats were given i.p. injections of CNO (0.5 mg/kg) or = o% 4
vehicle 30 min before cach gambling test. Values are means + SE = Vehicle  CNO
H - H (n=4-5). |, P <005 b and ¢, Win-stay and lose-shift behaviors in

hM3Dg-overexprssing rats. Values are means & SE (n=4-5)
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