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Nitric oxide (NO)-producing neurons localized in brain areas related to anxiety such as 

periaqueductal gray matter and dorsal raphe nucleus have been shown to be activated after 

ethanol withdrawal. In this presentation, we will show some experimental results using 

different behavioral tests for measuring anxiety-like behaviors induced by ethanol withdrawal 

in rodents. In addition, we will discuss the involvement of nitric oxide synthase in ethanol 

withdrawal. For this, male Wistar rats were subjected to an oral ethanol self-administration 

procedure, in which they were offered 6-8% (vol/vol) ethanol solution for a period of 21 days 

followed by abrupt discontinuation of the treatment. Control animals received control dietary 

fluid for similar periods of time. The animals were evaluated in the open field test. Their brains 

were removed and processed for Fos immunohistochemistry and nicotinamide adenine 

dinucleotide phosphate-diaphorase histochemistry (which is used to detect NO-producing 

neurons). Decreased exploratory activity was observed in animals subjected to 24-h withdrawal 

and  increased Fos expression was detected in brain areas, such as the cingulate and piriform 

cortices, several hypothalamic nuclei, amygdaloid nuclei, most subdivisions of the 

periaqueductal gray matter, and dorsal raphe nucleus (DRN). Ethanol withdrawal activated 

NO-producing neurons in the paraventricular nucleus (PVN) of the hypothalamus, dorsolateral 

periaqueductal gray matter (DLPAG), and DRN. In a second experiment, the rats were 

implanted with guide cannulae aimed at the dlPAG. The animals were forced to consume a 

liquid diet containing ethanol 6-8 % (v/v) for 15 days as their only source of diet. Six days after 

surgery and 24 h after ethanol discontinuation, the animals received microinjections of the NO 

scavenger 2-(4-carboxyphenyl)-4,4,5,5-tetramethylimidazoline-1-oxyl-3-oxide (carboxy-PTIO), 

nonselective nitric oxide synthase inhibitor N (G)-nitro-L-arginine methyl ester (L-NAME), 

selective neuronal nitric oxide synthase inhibitor 1-(2-[trifluoromethyl]phenyl) imidazole 

(TRIM), or selective inducible nitric oxide synthase (iNOS) inhibitor N-([3-

(aminomethyl)phenyl]methyl) ethanimidamide dihydrochloride (1400W) into the dlPAG. Ten 

minutes later, the animals were tested in the light/dark box. Carboxy-PTIO (1 nmol), L-NAME 

(200 nmol), TRIM (20 nmol), and 1400W (0.3 and 1 nmol) decreased the anxiogenic-like effects 

of ethanol withdrawal in rats in the light/dark box test. The NO precursor L-arginine reversed 

the effects of L-NAME. We have concluded that NO production in the dlPAG may play a role in 

the modulation of ethanol withdrawal-induced anxiety-like behavior in rats. 


