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Abstract
Clinical evidence indicates a frequent co-morbidity of nicotine and alcohol abuse and dependence.
The posterior ventral tegmental area (pVTA) appears to support the reinforcing and dopamine-
stimulating effects of both drugs. The current study tested the hypothesis that repeated exposure of
the pVTA to one drug would increase the sensitivity of local dopamine neurons to the stimulating
effects of the other drug. Female Wistar rats received repeated daily microinjections of either 100
μM nicotine or vehicle directly into the pVTA for 7 days. On the 8th day, rats received
microinjections of either vehicle or ethanol (100 or 200 mg%) into the pVTA while extracellular
dopamine samples were collected from the ipsilateral nucleus accumbens shell (NACsh) with
microdialysis. Another experiment tested the effects of challenge microinjections of 200 μM
nicotine in the pVTA on extracellular dopamine levels in the NACsh following 7 daily
pretreatments with 200 mg% ethanol in the pVTA. Nicotine pretreatments increased the
dopamine-stimulating effects of ethanol in the pVTA (100 mg% ethanol: 115% vs 160% of
baseline in the vehicle and nicotine groups, respectively, p < 0.05; 200 mg% ethanol: 145% vs
190% of baseline in the vehicle and nicotine groups, respectively, p < 0.05). In contrast, ethanol
pretreatments did not alter the stimulating effects of nicotine in the pVTA. The results suggest that
repeated exposure of the pVTA to nicotine increased the response of local dopamine neurons to
the stimulating effects of ethanol, whereas repeated exposure of the pVTA to ethanol did not alter
the responses of pVTA dopamine neurons to nicotine.
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Introduction
Alcohol drinking and tobacco smoking have been frequently reported to be co-used and/or
co-abused in humans. The rates of alcohol abuse or dependence were two to three times
more in regular smokers or nicotine dependent individuals than in the general population,
and increased with the number of cigarettes smoked (Grant et al., 2004; John et al., 2003).
Approximately 90% of individuals diagnosed with alcohol dependence reported cigarette
smoking and/or nicotine dependence, a rate significantly higher than that in the general
population (Batel et al., 1995; Burling and Ziff, 1988; Grant et al., 2004). The amount of
cigarette smoking in alcoholics is positively correlated with the amount of alcohol consumed
and severity of alcohol dependence (Batel et al., 1995; Burling and Ziff, 1988; Dawson,
2000). Furthermore, concurrent dependence on alcohol and nicotine reduced the likelihood
of cessation from tobacco smoking or alcohol drinking (DiFranza and Guerrera, 1990;
Miller et al., 1983).

Research in rodents also indicates an interrelationship between alcohol and nicotine. Cross
tolerance developed between ethanol and nicotine (Burch et al., 1988; Collins et al., 1988).
The sensitivity to and preference for ethanol in animals appear to be correlated with
responsiveness to nicotine. Rodents selectively bred for high sensitivity to ethanol
stimulation were also more responsive to the effects of nicotine on locomotor activity
(Bergstrom et al., 2003; de Fiebre et al., 2002). Alcohol-preferring P rats self-administered
greater amounts of nicotine and exhibited more robust nicotine-seeking behavior than
alcohol non-preferring NP rats (Le et al., 2006). High alcohol drinking C57BL/6 mice also
showed greater preference for and consumed more nicotine solutions than the low alcohol
drinking DBA/2 mice (Meliska et al., 1995). Chronic voluntary drinking of ethanol by
Wistar rats enhanced nicotine-induced locomotor stimulation (Blomqvist et al., 1996). On
the other hand, repeated exposure to nicotine increased voluntary ethanol drinking and
preference (Blomqvist et al., 1996), whereas administration of a nicotinic receptor
antagonist or partial agonist reduced ethanol drinking (Blomqvist et al., 1996; Kamens et al.,
2010). Mice lacking the α7 subunit of the nicotinic receptor consumed less ethanol than wild
type mice (Kamens et al., 2010). Repeated exposure to nicotine also increased ethanol-
induced locomotor activation, as well as dopamine release and turnover in the limbic
forebrain (Blomqvist et al., 1996; Johnson et al., 1995). Furthermore, a recent study
indicated that an acute injection of nicotine 4 hr prior to testing significantly increased
ethanol seeking behavior and relapse-like drinking in P rats (Hauser et al., 2011).

The mesolimbic dopamine system appears to be a common substrate mediating the action of
alcohol or nicotine. Systemic administration of either drug preferentially increased
dopamine release in the nucleus accumbens (NAC; Di Chiara and Imperato, 1988), one
region closely involved in mediating the reinforcing and rewarding effects of drugs of abuse
(Chao and Nestler, 2004; Koob and Volkow, 2010). Activation of dopamine neurons in the
ventral tegmental area (VTA) appeared to mediate the dopamine stimulating effects of either
ethanol (Brodie et al., 1990; Ding et al., 2009, 2011) or nicotine (Nisell et al., 1994a, b;
Sziraki et al., 2002). Nicotine is rewarding within the VTA as indicated by conditioned place
preference induced by intra-VTA administration of nicotine (Laviolette and van der Kooy,
2003). Ethanol or nicotine can be self-infused into the VTA, specifically the posterior VTA
(pVTA), indicating the pVTA as an anatomical substrate supporting the reinforcing effects
of both nicotine and ethanol (Ikemoto et al., 2006; Rodd-Henricks et al., 2000).
Furthermore, acute exposure to ethanol or nicotine produced similar synaptic plasticity in
the VTA, involving increased glutamate synaptic function onto dopamine neurons (Saal et
al., 2003). Therefore, the mesolimbic dopamine system originating from the pVTA and
projecting to the NAC could be a neural substrate underlying the interaction between alcohol
and nicotine.
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Given these findings, it is possible that prior exposure of one drug could influence the
effects of the other drug on the mesolimbic dopamine system. One recent study using a
combined microinjection-microdialysis technique demonstrated that repeated exposure of
the pVTA to ethanol sensitized the responses of local dopamine neurons to the stimulating
effects of a subsequent ethanol challenge (Ding et al., 2009). Therefore, the current study
utilized the same technique and investigated the interaction between ethanol and nicotine on
the mesolimbic dopamine system. The hypothesis to be tested was that prior exposure of the
pVTA to one drug would increase the sensitivity of local dopamine neurons to the
simulating effects of the other drug.

Methods and Materials
Animals

Adult female Wistar rats (weight 270 to 320 g, Harlan, Indianapolis IN, USA) were housed
in temperature- and humidity-controlled rooms maintained on a reversed 12-hr light cycle
(light on at 9:00 p.m.). Food and water were available ad libitum. Female rats were used
because these rats maintain their head size better than male rats for more accurate
stereotaxic placements and have been used in previous studies requiring precise cannula
placements (Ding et al., 2009; Rodd-Henricks et al., 2000). The estrous cycle was not
monitored in the present study. However, counterbalanced experiments were conducted on
different days so that any effect of a given phase of the estrous cycle was distributed across
experimental conditions. Protocols were approved by the Institutional Animal Care and Use
Committee of Indiana University School of Medicine. All experiments were conducted in
accordance with principles outlined in the Guide for the Care and Use of Laboratory
Animals (National Research Council, 1996).

Cannula and probe insertion
Stereotaxic surgery for insertion of cannulae and probes followed the procedure described
previously (Ding et al., 2009). Briefly, one guide cannula was aimed 1 mm above the pVTA
(−5.6 mm, ML +2.1 mm, DV −9.0 mm) for microinjections, and one was aimed 3 mm
above the ipsilateral NAC shell (NACsh, AP +1.7 mm, ML +2.3 mm, DV −8.2 mm) for
microdialysis, according to the brain atlas of Paxinos and Watson (1998). Stylets were
inserted into cannula with a 0.5 mm extension beyond the guide cannula when no
experiments were being conducted. Rats were allowed to recover for at least 5 days before
the pretreatment. Animals were handled and habituated to the removal and re-insertion of
stylets on a daily basis before the microdialysis. Loop-style dialysis probes with active
membrane length 1.5 mm were inserted into the NACsh. Perfusion of probes started on the
microdialysis day approximately 16–18 hr after probe insertion, as previously described
(Ding et al. 2009).

Pretreatment and microdialysis procedure
The desired concentrations of ethanol (McCormick Distilling, Weston, MO) and nicotine
((−)-Nicotine hydrogen tartrate salt, Sigma) were mixed with artificial cerebrospinal fluid
(aCSF: 120 mM NaCl, 4.75 mM KCl, 1.2 mM KH2PO4, 1.2 mM MgSO4, 25 mM NaHCO3,
2.5 mM CaCl, 10 mM d-glucose, pH 7.2–7.4). The pretreatment followed the procedure
described previously (Ding et al., 2009). Briefly, an electrolytic microinfusion transducer
(EMIT) system (Goeders and Smith, 1987) utilized in intracranial self-administration
experiments was adapted for the microinjection. It consists of a current generator, a lead
with two electrodes attached to, and a gas-tight drug reservoir (28 mm in length × 6 mm in
diameter) attached with an injector cannula (28-gauge) inserted into the pVTA with 1 mm
extension beyond the guide cannula. The EMIT system produces an electric current between
the two electrodes immersed in the drug reservoir, which generates hydrogen gas and forces
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a 100 nl solution out of the reservoir over a 5-sec infusion period, as previously described
(Gatto et al., 1994; Ding et al., 2009). A cable and swivel connecting the current generator
and lead allowed free movement of animals during experiments. During each pretreatment
day, vehicle or selected drug (100 μM nicotine or 200 mg% ethanol) were injected into the
pVTA at a rate of three 5-sec infusions per min over a 10-min period. The pretreatment was
repeated once a day for seven days, as previously described (Ding et al., 2009). During
pretreatments, the insertion and removal of microinjection cannula did not elicit obvious
behavioral changes.

Although tissue damage was foreseeable, both aCSF- and nicotine (ethanol)-pretreated rats
should not exhibit differences in damage given the same number of injections received by
these groups. The previous study (Ding et al., 2009) indicated that ethanol challenge
injections stimulated dopamine release in both groups, suggesting that pVTA dopamine
neurons were still viable after the seven-day pretreatment. Furthermore, previous studies
indicated that ethanol, as well as other drugs of abuse, elicited robust reinforcing behavior
after 7–10 intracranial self-administration sessions (Gatto et al., 1994; Ikemoto et al., 2006;
Rodd-Henricks et al., 2000), further supporting the viability of local dopamine neurons.

Microdialysis started approximately 16–18 hr after the last pretreatment, following the
procedure described previously (Ding et al., 2009). Briefly, on microdialysis day, rats were
placed into Plexiglas chambers and connected to a Harvard pump with PE20 tubing.
Microdialysis aCSF (140.0 mM NaCl, 3.0 mM KCl, 1.2 mM CaCl2, 2.0 mM
Na2HPO4·7H2O, 1.0 mM MgCl2, pH 7.2–7.4) was perfused through probes at a rate of 1.0
μl/min. Baseline samples were collected following a 90-min washout period, Rats received
challenge microinjections with either vehicle or a selected drug of ethanol (100 or 200 mg
%) or nicotine (200 μM) for 10 min following the procedure applied for pretreatments.
Samples were collected at 20-min intervals, and were frozen immediately on dry ice before
being stored at −70 °C.

Sample analysis
Dopamine in samples was analyzed with a reversed-phase high performance liquid
chromatography system with electrochemical detection, as described previously (Engleman
et al., 2006). Briefly, samples were loaded onto an analytical column (BDS Hypersil C18, 3
μm, 150 mm × 2 mm, Keystone Scientific, Bellefonte, PA) with mobile phase (sodium
phosphate 9.0 g/l, EDTA 190 mg/l, sodium octyl-sulfate 350 mg/l, and 10% acetonitrile at
pH 3.0). Two 3-mm dual glassy carbon electrodes were connected in series (oxidizing
potentials set at +720 and +100 mV, respectively) and coupled to an amperometric detector
(EG&G Princeton Applied Research, Princeton, NJ). DA was detected at the second
electrode with sensitivity set at 0.5 nA/V. The lower limit for DA detection was
approximately 0.1 nM.

Histology
At the end of each experiment, rats were euthanized with an overdose of CO2 inhalation; 1%
bromophenol blue was then perfused through probes in the NACsh and also injected into the
pVTA. Brains were removed quickly and frozen immediately on dry ice and stored at −20
°C. Sections (40 μm) were sliced on a cryostat microtome and stained with cresyl violet for
verification of injection sites and placements of probes with reference to the rat brain atlas of
Paxinos & Watson (1998).

Statistical analysis
The last three baseline samples prior to challenge microinjections were averaged and used to
normalize data. ANOVAs with repeated measures on time were employed on normalized
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time-course data. If significant differences were detected with ANOVAs (p < 0.05), post-hoc
tukey’s b tests were performed to determine the individual differences.

Results
Fig. 1 shows the representative placements of probes and injection sites. The probes were
mainly in the NACsh (at least 75% of the active membrane). Some probes also covered a
portion of the olfactory tubercle. The injection sites were mainly inside the pVTA at coronal
sections from 5.3 mm to 6.0 mm posterior to bregma (Rodd-Henricks et al., 2000).
Approximately 80% of rats had correct placements and were included in the analysis.

Figure 2 shows the time-course effects of challenge microinjections of aCSF or ethanol in
the pVTA on extracellular DA levels in the NACsh following the 7-day pretreatment with
either 100 μM nicotine or aCSF. There were no significant differences in basal extracellular
dopamine levels among all groups (Table 1, F5, 34 = 0.6, p > 0.05). Using repeated measures
ANOVA with ‘pretreatment’ and ‘challenge’ as between subject factors and ‘time’ as within
subject factor revealed significant effects of ‘pretreatment’, ‘challenge’, ‘time’ and
interaction among ‘pretreatment’ × ‘challenge’ × ‘time’ (all F values > 2.3, all p values <
0.05). Challenge injections of aCSF in either pretreatment group did not alter extracellular
dopamine levels in the NACsh (Fig. 2A, p > 0.05). Challenge injections of 100 mg% ethanol
(Fig. 2B) induced a non-significant increase in the aCSF-treated rats (approximately 120%
of baseline, p > 0.05), but a significant increase in the nicotine-treated rats (approximately
180% of baseline, p < 0.05). Challenge injections of 200 mg% ethanol (Fig. 2C)
significantly increased dopamine release in the NACsh in both aCSF- (145% of baseline, p <
0.05) and nicotine-treated rats (185% of baseline, p < 0.05). Furthermore, both doses of
ethanol produced a significantly greater dopamine increase in nicotine-treated than aCSF-
treated rats (Fig. 2, p < 0.05).

Figure 3 shows the effects of challenge injections of 200 μM nicotine in the pVTA on
extracellular dopamine levels in the NACsh following the 7-day pretreatment with either
aCSF or 200 mg% ethanol. There was no significant difference in the basal extracellular
dopamine levels between the two groups (Table 1, t16 = 1.9, p = 0.08). Average basal
extracellular dopamine levels in this study appeared to be higher than those in the above
study. This might be due to the reason that these two studies were conducted at different
time with microdialysis membranes from different batches that may have different recovery
rates. Figure 3 shows the averaged peak values of extracellular dopamine levels in the
NACsh during the 0–40 min period following the nicotine (200 μM) challenge injections.
Nicotine increased extracellular dopamine levels to 125 ± 3% in the aCSF-treated group and
117 ± 6% in the ethanol-treated group (Figure 3). These levels were significantly higher than
the corresponding baseline levels (p < 0.05), but were not different from each other (Fig. 3).
Time-course data indicated that nicotine, microinjected into the pVTA, increased dopamine
levels within the first 20 min (insert Fig. 3).

Discussion
The major findings of the current study are that repeated exposure of the pVTA to nicotine
enhanced local ethanol-stimulated dopamine release in the NACsh, suggesting that prior
nicotine exposure produced neuroadaptive changes within the pVTA, leading to increased
sensitivity of local dopamine neurons to the stimulating effects of ethanol. On the other
hand, repeated exposure of the pVTA to ethanol did not alter the stimulating effects of
nicotine on pVTA dopamine neurons projecting to the NACsh. These results suggest cross-
sensitization of nicotine to the effects of ethanol in the pVTA did not occur, since a previous
study (Ding et al., 2009) demonstrated that this treatment with ethanol subsequently
produced increased sensitivity of the pVTA to the dopamine-stimulating effects of ethanol.
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Microinjections of ethanol in vehicle-pretreated rats produced a dose-related increase of
extracellular dopamine levels in the NACsh (Fig. 2). These results replicated findings from a
previous study (Ding et al., 2009). In both studies, extracellular dopamine levels in the
NACsh induced by 200 mg% ethanol started to increase during the first 20 min and peaked
around 40 min (the second sample collected) after the microinjection following the repeated
(5–7 days) vehicle-pretreatment. The mechanisms for the delayed maximal response remain
unknown. Noticeably, a recent study (Ding et al. 2011) indicated that acute microinjections
of 200 mg% ethanol in the pVTA produced immediate maximal increase of extracellular
dopamine levels in both the medial prefrontal cortex and ventral pallidum at 10 min (the first
sample collected) after the microinjection. Therefore, certain changes associated with
repeated pretreatments with vehicle, e.g., tissue damage, might contribute to the delayed
maximal response to ethanol observed in the current and previous studies (Fig. 2C, Ding et
al., 2009). The concentrations of ethanol in the pVTA are predicted to decrease rapidly due
to diffusion and clearance (Gonzales et al., 1998). Since the extent of diffusion remains
unknown, the contribution of areas adjacent to the pVTA to the stimulating effects of
ethanol may not be ruled out. However, previous findings indicated that microinfusions of
ethanol into areas adjacent to the pVTA, including the anterior VTA and substantia nigra,
did not induce self-administration behavior or dopamine release in the NACsh, (Rodd-
Henricks et al., 2000; Ding et al., 2009), suggesting minimal contributions from these
regions.

Ethanol has been shown to have both direct and indirect stimulating effects on VTA
dopamine neurons. Direct ethanol potentiation of several receptors in dopamine neurons,
including 5-HT3 (Lovinger and White, 1991) and/or nicotinic receptors (Narahashi et al.,
2001), may account for the initial rise of dopamine levels in the NACsh. On the other hand,
the indirect effects of ethanol on neurotransmitter inputs to the VTA that regulate dopamine
neurons may also contribute to the initial rise as well as prolonged elevation of dopamine
levels in the NACsh, including mechanisms involving inhibition of GABA interneurons
(Stobbs et al., 2004) and/or increase of local glutamate release (Xiao et al., 2009).

Repeated microinjections of nicotine in the pVTA appeared to enhance the responses of
local dopamine neurons to a subsequent administration of ethanol (Fig. 2). These results are
in agreement with a previous study demonstrating an enhanced dopamine release in
forebrain limbic regions induced by systemic ethanol administration following 10-day
repeated s.c. injections of nicotine (Blomqvist et al., 1996). It also suggests that nicotine-
sensitized responses of pVTA dopamine neurons to ethanol may contribute to enhanced
ethanol-induced locomotor activation and voluntary ethanol drinking following chronic
nicotine exposure (Blomqvist et al., 1996; Johnson et al., 1995; Potthoff et al., 1983).

The current results suggest that repeated nicotine treatment produced adaptive changes in
the pVTA. However, the substrates involved are unknown. Nicotinic receptors have been
found in the VTA and on dopamine neurons (Clarke and Pert, 1985; Clarke et al., 1984).
Activation of these receptors can stimulate dopamine neurons (Calabresi et al., 1989; Nisell
et al., 1994a). Therefore, possible adaptations in VTA nicotinic receptors and various
subunits may contribute to the observed effects. In support of this conclusion, pretreatment
with nicotine for 5–7 days significantly increased nicotine binding sites in various brain
regions, including an approximately 75% increase in the VTA (Ksir et al., 1985; Pauly et al.,
1996). In addition, nicotine treatment increased the expression of different nicotinic receptor
subunits, including α4, β2, α7 and α6 (Govind et al., 2009; Lajtha and Sershen, 2010), many
of which are expressed in dopamine neurons (Azam et al., 2002). The α4β2 nicotinic
receptor is likely to contribute to the increased sensitivity to ethanol observed in the current
study, as evidence has shown that activation of these receptors in the VTA stimulates local
dopamine neurons (Chen et al., 2003) and ethanol acts as a co-agonist to the α4β2 nicotinic
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receptor (Narahashi et al., 1999). The hypothesized up-regulation of VTA nicotine receptors
may also alter nicotine regulation of VTA dopamine neurons. Although this possibility was
not explored in the present study, studies from Rhaman et al. (2004) and Balfour et al.
(1998) demonstrated that local application of nicotine in the VTA produced significantly
greater increases of extracellular dopamine levels in both the VTA and NAC in rats
receiving 5-day repeated treatment of nicotine compared to rats receiving repeated saline
treatments. These two studies suggest that repeated nicotine treatment increased the
sensitivity of VTA dopamine neurons to the local stimulating effects of nicotine.

Challenge injections of 200 μM nicotine produced a moderate but significant increase
(approximately 125% of baseline) of dopamine release in the NACsh (Fig. 3). The
magnitude of the effect is similar to previous findings (Nisell et al., 1994a; Tizabi et al.,
2002). Noticeably, the nicotine dose was much lower in the current study (0. 09 μg in free
base) compared to the Tizabi et al. (2002) study (0.25–1.0 μg in free base). Several factors
may contribute to this difference. The administration paradigms were different. Tizabi et al.
(2002) study involved a single injection paradigm (200 nl during a 2-min period), whereas
the current study employed a pulse-like injection paradigm (100 nl/pulse injection, 3 pulse
injections/min over 10 min). In addition, the Tizabi et al. (2002) study appeared to target
more of the anterior VTA (AP: −5.0 mm from bregma), whereas the current study was
mainly at the pVTA (AP: −5.6 mm). It has been shown that the pVTA is more sensitive to
the acute reinforcing and dopamine-stimulating effects of nicotine (Ikemoto et al., 2006; Li
et al., 2011).

In contrast to the nicotine pretreatment study, the ethanol pretreatment of the pVTA did not
appear to alter the stimulating effects of nicotine on local dopamine neurons projecting to
the NACsh (Fig. 3). A previous study using the same ethanol pretreatment procedure
sensitized the pVTA dopamine neurons to the stimulating effects of ethanol, suggesting that
certain adaptive changes occurred following ethanol pretreatment (Ding et al., 2009). These
findings suggest that the ethanol-induced adaptations in the pVTA may not involve nicotinic
receptors. Although inconclusive, a number of studies have shown that chronic systemic
ethanol exposure altered the binding sites of nicotinic receptors in various brain regions
(Booker and Collins, 1997; Robles and Sabria, 2008; Yoshida et al., 1982). It should be
noted that some of these studies involved a prolonged chronic ethanol drinking procedures,
e.g. 5–6 months of consumption (Booker and Collins, 1997; Yoshida et al., 1982).
Therefore, it is possible that 7 daily exposures to ethanol were not sufficient to produce
changes in nicotinic receptors. Indeed, several studies indicated that systemic ethanol
exposure for a short period time (10–21 days) failed to alter binding sites of nicotinic
receptors in mice (Burch et al., 1988; Collins et al., 1988). The current and Ding et al.
(2009) studies also suggest that ethanol-induced adaptive changes are not involved in the
stimulating effects of nicotine.

In summary, the present study demonstrated that the repeated exposure of the pVTA to
nicotine increases the response of mesolimbic dopamine neurons to the stimulating effects
of ethanol. This increased sensitivity could be one neurochemical mechanism contributing to
the inter-relationship between smoking and alcohol abuse.
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Figure 1.
Representative placements of microdialysis probes in the nucleus accumbens shell (NACsh)
and microinjection sites in the posterior ventral tegmental area (pVTA). Overlapping probes
and injection sites are not shown for clarity purposes. 1A: The lines represent the 1.5-mm
length of microdialysis probes in the NACsh. 1B: The open and filled circles represent
microinjection sites within the pVTA.
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Figure 2.
Effects of challenge injections of ethanol (0, 100 or 200 mg%) into the posterior ventral
tegmental area (pVTA) on extracellular dopamine levels in the nucleus accumbens shell
following repeated exposure of the pVTA to either aCSF or nicotine (100 μM). ‘aCSF/
aCSF’: group pretreated with aCSF and challenged with aCSF; ‘Nic/aCSF’: group pretreated
with 100 μM nicotine and challenged with aCSF; ‘aCSF/100 E’: group pretreated with aCSF
and challenged with 100 mg% ethanol; ‘Nic/100 E’: group pretreated with 100 μM nicotine
and challenged with 100 mg% ethanol; ‘aCSF/200 E’: group pretreated with aCSF and
challenged with 200 mg% ethanol; ‘Nic/200 E’: group pretreated with 100 μM nicotine and

Ding et al. Page 12

Alcohol. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



challenged with 200 mg% ethanol. * p < 0.05, significantly greater than levels in the
corresponding aCSF-treated group. # p < 0.05, significantly greater than baseline levels.

Ding et al. Page 13

Alcohol. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Effects of challenge injections of nicotine (200 μM) into the posterior ventral tegmental area
VTA (pVTA) on extracellular dopamine levels (averaged peak values of extracellular
dopamine levels during the 0–40 min period after the initiation of the challenge injection) in
the nucleus accumbens shell following repeated exposure of the pVTA to either aCSF or
200 mg% ethanol. ‘aCSF-Nic’: nicotine induced dopamine release in aCSF-pretreated rats;
‘EtOH-Nic’: nicotine induced dopamine release in ethanol-pretreated rats. For simplicity,
baseline levels from only one group were presented because baseline levels were almost
identical in the two groups. The insert shows time-course effects of microinjections of
nicotine on dopamine release in the nucleus accumbens shell after pretreatments. Since there
was no significant differences between groups receiving either aCSF or 200 mg% ethanol
pretreatments (F1, 16 = 2.16, p = 0.16), data were collapsed across groups. * p < 0.05,
significantly greater than baseline levels.
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Table 1

Average baseline dopamine levels (nM) in each group of rats before the challenge injection (mean ± S.E.M)

Group Pretreatment Challenge n Dopamine (nM)

1 aCSF aCSF 5 0.3 ± 0.1

2 aCSF 100 mg% EtOH 6 0.6 ± 0.1

3 aCSF 200 mg% EtOH 8 0.5 ± 0.1

4 100 μM Nicotine aCSF 4 0.4 ± 0.1

5 100 μM Nicotine 100 mg% EtOH 9 0.5 ± 0.1

6 100 μM Nicotine 200 mg% EtOH 8 0.5 ± 0.2

7 aCSF 200 μM Nicotine 9 0.8 ± 0.2

8 200 mg% EtOH 200 μM Nicotine 9 1.4 ± 0.3
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