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Abstract 
The objective of these experiments was to study the effects of ethanol on the anxiety level, activity, 
metabolic rate, and feeding and drinking behaviors of rats that were chronically treated with ni-
cotine. The chronic intake of nicotine changed the effects of the acute administration of ethanol. 
Thus, the nicotine-dependent rats demonstrated a significantly decreased anxiolytic-like effect in 
response to ethanol than did the control rats. This decrease may lead to a decrease in the sensitiv-
ity of animals to the positive reinforcing effects of ethanol and an increase in their consumption to 
achieve the desired effect. The negative action of ethanol on the metabolism, motor activity and 
drinking behavior of rats that chronically consumed nicotine was increased. Chronic nicotine in-
take can be assumed to lead to cross-tolerance of the effects of ethanol. On the contrary, the sensi-
tivity to the action of ethanol increased. 
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1. Introduction 
The joint use of nicotine and ethanol is widespread among humans. The episodic consumption of alcoholic be-
verages most often occurs against a background of chronic tobacco smoking [1]. Smoking tobacco is known to 
result in the action of nicotine on the nicotinic acetylcholine receptors in the brain. Receptors that are situated on 
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dopamine-containing neurons in the mesocorticolimbic system are especially affected, which leads to an in-
creased release of dopamine and produces various behavioral effects [2] [3]. The effects of ethanol on emotional 
and motivational processes also involve the release of dopamine in the extracellular space of the nucleus ac-
cumbens [4]. The chronic intake of nicotine induces changes in the density and affinity of acetylcholine recep-
tors, which may change the effects of ethanol in such subjects [5] [6]. Chronic nicotine consumption was noted 
to lower the positive reinforcing effect of ethanol by suppressing ethanol-induced dopamine release in the nuc-
leus accumbens [7] [8]. Chronic nicotine reduced the impact of ethanol on the locomotor activity of rats [6] [9], 
affected the NMDA current in the hippocampus [10] and decreased the heart rate and body temperature [11] [5]. 
Conversely, chronic nicotine administration increased the effect of ethanol on motor activity and dopamine 
turnover in the brain [12]. In addition, chronic nicotine intake increased ethanol self-administration behavior 
[13]. 

Ethanol and nicotine are known to significantly affect metabolic processes [14]-[16]. However, we did not 
find data that showed the mechanism by which ethanol affects the metabolism of animals that chronically re-
ceive nicotine. 

Ethanol and nicotine cause positive reinforcing actions, which result in pleasant sensations. This effect in-
cludes anxiolytic effects. Unfortunately, we have not found data on the ethanol anxiolytic effect in animals that 
were chronically administered nicotine. 

Ethanol and nicotine are well known to cause changes in feeding and drinking behaviors [15] [17] [18]. 
However, we have not discovered data on the effects of ethanol on the eating and drinking behaviors of animals 
that chronically consume nicotine. 

Accordingly, the objective of these experiments was to study the effects of ethanol on the anxiety level, lo-
comotor activity, metabolic rate and feeding and drinking behaviors of rats that were chronically treated with 
nicotine. 

2. Materials and Methods 
The experiments were performed on 32 male Wistar rats obtained from the Stolbovaja nursery (Russian Acade-
my of Medical Sciences). The animals (basal weight 240 - 270 g) were housed in individually ventilated cages 
(4 rats per cage) under a 12:12-h light-dark cycle with free access to food and water. The experiment was con-
ducted in accordance with the “Rules of Studies on Experimental Animals” (approved by the Ethics Committee 
of the P. K. Anokhin Institute of Normal Physiology; protocol No. 1, 3.09.2005), the requirements of the World 
Society for the Protection of Animals (WSPA) and the European Convention for the Protection of Experimental 
Animals.  

All rats were divided into 4 groups (8 animals per group). Two groups of animals were subcutaneously (sc) 
treated twice per day with nicotine at dose of 2 mg/kg for 7 days, followed by 3 mg/kg nicotine for the next 14 
days. Determination of PH values of nicotine solutions was measured using Orion Research digital ionalyzer/ 
501Ph. The PH values of studied nicotine solutions (2 mg/kg or 3 mg/kg) were 3.45 - 3.50 in depend on concen-
tration. Nicotine at dose 2 mg/kg or 3 mg/kg was injected to rats subcutaneously and the irritations after injec-
tions were not observed. The animals in the other two groups received equivalent amounts of sc saline twice per 
day for 21 days. On the day of the behavior experiment, the animals in group 1 (control, pretreated with saline 
for 21 days) received sc saline and a second dose of gastrically administered saline after 5 minutes. Group 2 
(pretreated with nicotine for 21 days) received nicotine (3 mg/kg, sc) and a dose of gastrically administered sa-
line after 5 minutes. Group 3 (pretreated with saline for 21 days) received saline and a 40% solution of ethanol 
(6 g/kg intragastrically) after 5 minutes. Group 4 (pretreated with nicotine for 21 days) received nicotine 3 
mg/kg, sc) and a 40% solution ethanol (6 g/kg intragastrically) after 5 minutes. After 60 minutes, the rats were 
placed in an elevated plus maze (EPM, Columbus, USA) for 5 minutes, which recorded the time spent in the 
center, in the open arms and closed arms, the motor activity in different parts of the EPM and the duration of 
grooming [19]. Immediately thereafter, the animals were placed into the standard “home” cages designed by 
Phenomaster systems (TSE Instruments, Germany) for 24 hours. The metabolic rate was determined using indi-
rect calorimetry, locomotor activity, water and food consumption, which we registered for every Phenomaster 
cage for 24 hours at intervals of 60 minutes. 

The data obtained were subjected to statistical and analytical processing. A normal distribution was assumed 
for the data to derive indicators to evaluate statistically significant differences between the parameters obtained 
from experimental and control animals using ANOVA. 
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3. Results 
Our study showed that the chronic administration of nicotine for 3 weeks did not significantly affect the level of 
anxiety. The time spent on the open arms of the EPM and locomotor activity in the open arms of the EPM was 
not significantly different between the animals treated with nicotine and the control group treated with saline. 
Nevertheless, the activity in other parts of the EPM was increased compared to the control (Table 1). During the 
first 8 hours after the administration of nicotine (light phase of the day), the rats did not demonstrate a signifi-
cant effect on locomotor activity, metabolism, food and water intake, or the intensity of the movement in the 
cage center compared with the control animals. However, these animals showed decreased locomotor activity, 
inhibited drinking and eating and reduced activity in the center of the cage 8 h aver the last injection of nicotine, 
which coincided with the onset of the dark phase. These changes were observed after the end of the dark phase 
and persisted until the end of the experiment (Figures 1-5). 
 
Table 1. The effect of nicotine and ethanol on the anxiety-like behavior of rats tested in the EPM. 

 Time spent on the open arms 
(с) 

Activity on the open arms  
(relative units) 

Activity on the close arms 
(relative units)  

Activity in the center  
(relative units)  

S-S 5.1 ± 2.7 0.63 ± 0.15 1.87 ± 0.39 1.8 ± 0.43 

S-E 65.5 ± 12.9* 2.88 ± 0.67* 3.62 ± 0.57* 6.2* ± 0.75* 

N-S 10.0 ± 2.2 1.13 ± 0.47 3.75 ± 0.73* 3.8* ± 0.52* 

N-E 17.2 ± 4.1*# 1.88 ± 0.72* 2.87 ± 0.65* 4.6* ± 0.81* 

S-S: control group (rats chronically with saline and then once on the experiment day); S-E: a group of rats chronically treated with saline and one dose 
of ethanol on the experiment day; N-S: a group of rats that were chronically administered nicotine and one dose of saline on the experiment day; N-E: 
a group of rats chronically administered nicotine and one dose of ethanol on the experiment day; *P < 0.05 compared to the group S-S; #P < 0.05 
compared to the group of S-E.  
 

 
Figure 1. Effect of chronic nicotine on ethanol effects on dynamics of metabolism level (kcal/h/kg). S-S: control group— 
rats treated with saline chronically (21 day) and then saline once in experimental day. N-S: a group of rats that chronically 
administered nicotine (2 mg/kg subcutaneously (sc), twice per day, for 7 days, followed for next 14 days—nicotine 3 mg/kg) 
and once saline in experimental day. S-E: a group of rats chronically treated with saline during 21 days and once 40% solu-
tion ethanol (6 g/kg intragastrically) in experimental day. N-E: a group of rats chronically administered nicotine (2 mg/kg 
subcutaneously (sc), twice per day, for 7 days, followed for next 14 days—nicotine 3 mg/kg) and once 40% solution ethanol 
(6 g/kg intragastrically) in experimental day. On the horizontal axis: the time of the experiment (dark period from 20:00 to 
08:00). For measurement of metabolism level the animals were placed into the standard cages of “Phenomaster system” for 
24 hours. The metabolic rate determined using indirect calorimetry. Ethanol injected to nicotine-addicted rats decreased me-
tabolic rate activity followed 7 h after administration of ethanol (which coincides with the beginning of the dark phase). 
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Figure 2. Effect of chronic nicotine on ethanol effects on dynamics of locomotor activity (in relative units). The other le-
gends (groups of animals were) the same as in Figure 1. On the horizontal axis—the time of the experiment (dark period 
from 20:00 to 08:00). For measurement of dynamics of locomotor activity were placed into the standard cages of “Pheno-
master system” for 24 hours. Ethanol injected to nicotine-treated rats produced decrease of locomotor activity with the be-
ginning of the dark phase (5 - 7 h after administration of ethanol. 
 

 
Figure 3. Effect of chronic nicotine on ethanol effects on dynamics of food intake (grams). The other legends (groups of 
animals were) the same as in Figure 1. On the horizontal axis—the time of the experiment (dark period from 20:00 to 
08:00). On the ordinate axis—cumulative curve, where each value is added to the previous one. For measurement of dy-
namics of locomotor activity were placed into the standard cages of “Phenomaster system” for 24 hours. A suppression of 
feeding behavior was observed within 12 - 14 hours after administration of ethanol to nicotine treated rats as well as in sa-
line treated animals. 
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Figure 4. Effect of chronic nicotine on ethanol effects on dynamics of water consumption (ml). The other legends (groups 
of animals were) the same as in Figure 1. On the horizontal axis—the time of the experiment (dark period from 20:00 to 
08:00). On the ordinate axis—cumulative curve, where each value is added to the previous one. For measurement of dy-
namics of locomotor activity were placed into the standard cages of “Phenomaster system” for 24 hours. Rats which re-
ceived ethanol 13 h before placing them in the cages “Phenomaster” drank 2.5 times less than the control animals. For the 
rest time the water and food intake of these rats was also reduced. 
 

 
Figure 5. Effect of chronic nicotine on ethanol effects on dynamics of locomotor activity in the cage center (relative units) 
of the different experimental groups of rats. The other legends (groups of animals were) the same as in Figure 1. On the ho-
rizontal axis—the time of the experiment (dark period from 20:00 to 08:00). Animals received ethanol as compared with the 
control, significantly reduced motor activity in the center of cages “Phenomaster” during all the observation time (24 h). 
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The animals treated with chronic saline1 h after the intragastric administration of ethanol manifested a signif-
icant increase in the time spent in the open arms of the EPM. In addition, an increase in the motor activity in all 
parts of the EPM was also observed (Table 1). We did not find any significant changes in the level of metabol-
ism or the locomotor activity in the center of the cage for 24 h after a single injection of ethanol (Figure 1, 
Figure 2). However, the eating and drinking behavior of the rats was significantly suppressed within 12 - 14 
hours after ethanol administration. Rats that received ethanol 13 h before placing them in Phenomaster home 
cages ate in 3 times and drank 2.5 times less than the control animals. The water and food intake of these rats 
was also reduced during the rest time. The daily water intake of control animals was 47 ± 6.2 ml, while that of 
the animals treated with ethanol was 32.7 ± 5.8 ml. Control rats ate 11.7 ± 1.9 g for 24 h, and the animals treated 
with ethanol ate 5.7 ± 1.2 g (Figure 3 and Figure 4). Animals that received ethanol showed significantly re-
duced motor activity in the center Phenomaster cages compared to the control during the entire observation time 
(24 h) (Figure 5). 

The administration of the ethanol to animals chronically treated with nicotine led to a significantly reduced 
anxiolytic effect compared to the saline treated rats. The animals treated with ethanol demonstrated an almost 
4-fold decrease in the time spent in the open arms of the EPM (Table 1). Ethanol injected into nicotine-addicted 
rats decreased the metabolic rate and locomotor activity 7 h after the administration of ethanol (which coincides 
with the beginning of the dark phase). A suppression of feeding and drinking behavior was observed within 12 - 
14 hours after the administration of ethanol to nicotine-treated rats and saline-treated animals. Moreover, the in-
hibition of the drinking behavior of nicotine-dependent rats was more pronounced. The daily intake of water by 
nicotine-treated rats after ethanol administration was 20.97 ± 4.5 ml. 

4. Discussion 
The data indicate that the chronic intake of nicotine in rats does not change the registered physiological parame-
ters, except for the psychostimulant-like effect, which was observed just after each regular injection of nicotine. 
On the contrary, a suppression of eating and drinking behavior was established 8 h after the injection of nicotine. 
Although the appearance of these indicated effects coincided with the onset of the dark phase of the day, these 
effects were connected to the waning of nicotine influence, which leads to withdrawal syndrome in nicotine- 
dependent animals.  

Nicotine has been shown to affect anxiety and depression in both human and animal studies [20]-[22]. The 
data suggest that nicotinic acetylcholine receptors (nAChRs) can modulate the function of pathways involved in 
the stress response, anxiety and depression in the normal brain and that smoking can result in changes in the an-
xiety level and mood [23] [24]. However, the effects of nicotine are complex, and nicotine treatment can be ei-
ther anxiolytic or anxiogenic depending on the anxiety model tested, the route of nicotine administration and the 
time course of administration. The paradoxical effects of nicotine on emotion are likely due to the broad expres-
sion of nAChRs throughout the brain, the large number of nAChR subtypes that have been identified and the 
ability of nicotine treatment to both activate and desensitize nAChRs [25]. A single injection of nicotine (0.1 - 
0.5 mg/kg s.c.) reportedly decreased the percentage of time spent on the open arms of EPM, while nicotine in-
jected for 7 days at the same dose increased this parameter, i.e., produced an anxiolytic effect [20]. The individ-
ual sensitivity of animals is also very important for the anxiolitic/anxiogenic action of nicotine. Thus, nicotine 
was shown to act as an anxiolytic agent in transgenic mice that constitutively overexpressed AChE-R. This ef-
fect was not observed in wild type control mice [26]. 

Chronic treatment with nicotine alters the effects of the acute administration of ethanol. Thus, the administra-
tion of ethanol to nicotine-dependent rats, produced a significant increase of time spent in the open arms of the 
EPM than that of saline treated rats. However, the psychostimulant effect of ethanol was maintained. Thus, the 
chronic intake of nicotine may lead to selective cross-tolerance to the action of ethanol, which correlates with 
results of other studies [10] [27]. Nicotine-dependent animals showed a more pronounced response to the ad-
ministration of ethanol when no longer under the influence of nicotine. Thus, they experienced a more signifi-
cant depressive-like effect. This effect was accompanied by a more pronounced suppression of drinking beha-
vior and anxiogenic effects as well as a suppressed metabolism, which was not observed in saline-treated rats. 
Nicotine pretreatment was shown to significantly enhance the ethanol-induced locomotor stimulation and eleva-
tion of dihydroxyphenylacetic acid/dopamine quotient in the brain [12]. These results suggest that neuronal me-
chanisms related to the locomotor stimulatory effects of ethanol may be sensitized by pre-exposure to nicotine. 
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Chronic nicotine treatment also produced cross-tolerance to the effects of ethanol on glutamatergic activity, 
which led to a potential increase in the use of these products [10]. 

5. Conclusion 
In summary, the chronic administration of nicotine suppressed the sensitivity of animals to the anxiolytic effect 
of ethanol. This fact may stipulate a reduction of rat sensitivity to the positively reinforced, euphoric effect of 
ethanol and the increase of ethanol consumption in order to achieve the desired effect. In this case, the negative 
effect of ethanol on the metabolism, locomotor activity and drinking behavior in rats treated with nicotine 
chronically was exacerbated. It might be concluded that more studies including detailed monitoring of many 
physiological parameters are needed to draw attention to the gaps in our knowledge of combined administration 
of nicotine with alcohol and argues that neuroscience and clinical research efforts need to be combined with 
health policy options to reduce the harm associated with nicotine and alcohol abuse. 
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