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[ Abstract] Objective To establish a nicotine intravenous self-administration rat model, and to examine, with
this model, the effects of two flavoring additives, menthol and cineole, on nicotine dependence. Methods Thirty male
Sprague-Dawley (SD) rats were included in the study. After jugular venous catheterization was performed, fixed
concentration of nicotine was administered in order to train the rats and establish the rat model of intravenous self-
administration groups, receiving intraperitoneal injection of menthol, cineole, and dimethyl sulfoxide (DMSO), the
vehicle that was used for the control group. The rats were tested with different fixed-ratio (FR) schedules, including
FR1 schedule, in which the rat received one nicotine infusion for every active nose poke, FR2 schedule, in which the rat
received one nicotine infusion for every two active nose pokes, and FR5 schedule, in which the rat received one nicotine
infusion for every five active nose pokes. The number of active and inactive poke responses and the number of nicotine
infusion were documented accordingly. Results After 10 days of training in nicotine self-administration, the 30 rats
demonstrated significant increase in the number of active poke responses and the number of nicotine infusion, which
were maintained at a stable and relatively high level. The number of active poke responses was significantly higher that of
inactive poke responses (P< 0.001). The rat model of intravenous nicotine self-administration was successfully established.
In the testing phase, under the FR2 schedule, the menthol group showed a reduced number of active poke responses
(P=0.020). Under the FR5 schedule, the groups showed obvious interaction between time and the number of active poke
responses (P<0.011), with the menthol group showing reduced number of active poke responses on day three
(P=0.011) and the cineole group showing rising number of active poke responses on day three (P=0.003). The DMSO
control group did not show any significant change. Conclusions Menthol and cineole are shown to have an effect on
nicotine dependence. When there is relative difficulty involved in obtaining nicotine, menthol suppresses nicotine
dependence, whereas cineole enhances nicotine dependence.
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Table 1 Active poke responses in three groups with different fixed-ratio (FR) schedules

Active poke responses Time Timexgroup Group
Schedule Group
Day 0 Day1 Day2 Day 3 F p F p F p

FR1 Menthol (n=9)  26.22+11.74 27.33+10.85 26.78+4.92 24.56+5.03 0.586 0.580  0.423 0.813 1.442 0.256

Cineole (n=9) 22.89+11.63 20.11+6.43 19.33+£9.79 19.67+8.46

Vehicle (n=9) 25.11%11.75 26.67+13.31 27.56+7.20 24.22+10.70
FR2 Menthol (n=9) 42.00£17.57 50.00+23.03 " 37.78+13.19 31.33+10.51 3.721 0.015 1.585 0.165 0914 0.415

Cineole (n=9) 42.11£20.17 51.11+13.74 55.78+22.10 46.56+15.70

Vehicle (n=8) 38.88+13.12 48.38+12.94 39.63+23.36 40.63+21.02

FR5 Menthol (n=5)  100.80+29.35  111.20+7.19™"
74.00+14.61°

84.00+26.60

87.80+34.34"
105.50+11.12

Cineole (n=5)
Vehicle (n=4)

100.20420.19"
87.40+17.56
94.75+30.90

69.00+18.38 0.657  0.585 9.355 <0.001 0.023 0.977

127.20£19.56
86.75+23.34

FR: Fixed-ratio schedule; *P<0.05, **P<0.01, ***P<0.001, vs. Day 3.
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Fig 3 Active poke responses on different test days of the menthol group
on fixed-ratio 2 schedule
Active poke responses decreased across time in the menthol group, while no
changes were observed in the cineole group or vehicle control group. For the sake
of clarity, the figure does not show the results of the cineole group or the vehicle

group. * P<0.05, vs. Day 1.
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* P<0.05, vs. vehicle group; # P<0.05, vs. day 0.
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