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increasing and decreasing monoamine-neurotransmitter 
synthesis and degradation respectively; they also consid-
ered NAM to potentially ameliorate depression through 
an antioxidative effect along with an increasing supply of 
nicotinamide adenine dinucleotide  (NAD+) [12]. Accord-
ing to previous reports, NAM, which is produced by sir-
tuin enzymes, can inhibit the deacetylation of SIRT1 by 
binding to a conserved pocket adjacent to  NAD+, thereby 
altering the  NAD+ co-substrate specificity of a Sir2 
enzyme [13, 14].

Then, we investigated whether NAM could attenuate 
depressive behaviors through inhibiting SIRT1 activ-
ity in 24-h-restraint mouse model. Strikingly, our result 
showed that SIRT1 activity was further increased after 
the administration of NAM, along with the fully rescue of 
depressive behaviors in mice.

Methods
Animals
Adult male C57BL/6 mice (age 12  weeks old) were 
obtained from Beijing Vital River Laboratory Animal 
Technology Co., Ltd, which were housed in groups per 
cage in a temperature-controlled room with a standard 
12-h light/12-h dark cycle (light on  from 7:00 a.m. to 
7:00 p.m., 22 ℃ ± 2 ℃). We generated conditional Sirt1-
deleted mice by crossing Sirt1flox/flox mice (from Jackson 
Lab, 008041) with Nestin-Cre mice. The Sirt1flox/flox mice 
were in a mixed 129SvJ/C57B6 background, while the 
Nestin-Cre mice were C57BL/6. The resulting Sirt1flox/+; 
Nestin-Cre mice were mated with Sirt1flox/flox mice to 
obtain conditional Sirt1-knockout mice (Sirt1flox/flox; Nes-
tin-Cre), while the corresponding Sirt1flox/flox mice were 
used as the control. All animal experiments were per-
formed according to the guidelines approved by the Uni-
versity Committee on Animal Care and Use of Shanghai 
Jiao Tong University, China.

Animal model of the 24‑h restraint
The experimental procedure was performed according to 
the protocol described previously in our laboratory with 
slightly modifications [9]. The mice were placed in a ven-
tilated clear plastic tube (3 cm in diameter and 10 cm in 
length) and subjected to 24-h restraint from 14:00 p.m. to 
14:00 p.m. of the next day. Once the restraint ended, the 
mice were returned to their home cages with access to 
food and water ad libitum. The control group remained in 
their home cages without the 24-h-restraint procedure.

Drug administration
NAM reagent (Beyotime, Shanghai, China) was dissolved 
in drinking water at a 200 mg/kg/day dose [15, 16]. NAM 
treatment lasted for 33  days, beginning 2  days after the 

end of the 24-h restraint, whereas control mice were pro-
vided with sufficient water. The solutions were changed 
every 3 days until the mice were sacrificed.

Behavioral procedures
After 5 weeks of 24-h restraint, behavioral tests were per-
formed to verify the validity of the model to further study 
the mechanism of depression.

Sucrose preference test (SPT)
During the adaptation period, mice were individually 
housed to habituation with two bottles containing either 
2% sucrose (Sigma-Aldrich) diluted in drinking water or 
drinking water alone. The habituation was sustained for 
3  days with the positions of the two bottles exchanged 
every 24 h. Water was removed at 4:00 p.m. for 17 h, and 
the test was started at 10:00 a.m. the next day. The test 
was performed for a total of 24 h, and then the positions 
of the two bottles were exchanged 12 h later.

Forced swim test (FST)
The FST, which measures acute stress responses, was per-
formed d(r)6(o)-7(s)-5.9(a)-1
[(en896(d)-5(a)13bs)-6(e)-14(d)-4aeM were 
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