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Cocaine-induced Fos expression is detectable in the frontal cortex
and striatum of rats under isoflurane but not a-chloralose
anesthesia: implications for FMRI

Peter R. Kufahl, Nathan S. Pentkowski, Krista Heintzelman, and Janet L. Neisewander
Department of Psychology, Arizona State University, Tempe, Arizona 85287-1104

Abstract

The ability of intravenous cocaine to induce Fos protein expression in anesthetized rats was tested.
Two anesthetic regimens commonly used for in vivo FMRI of animals, i.v. a-chloralose and gaseous
isoflurane, were studied in separate cohorts. The first experiment included three groups that received
the following treatments: saline i.v. and no anesthetic; 2 mg/kg cocaine i.v. and no anesthetic; and 2
mg/kg cocaine i.v. under 36 mg/kg/h a-chloralose anesthesia. The second experiment had a factorial
design of four groups that were either nonanesthetized or isoflurane-treated and were either given
saline or cocaine (2 mg/kg, i.v.). Anesthetized rats were maintained for 2 h under 2.5-3.5% isoflurane
anesthesia, while nonanesthetized rats were kept in an alternative environment for the same time
period. Rats were given 2 mg/kg cocaine or saline i.v., 30 min into the test session. Rats were perfused
and their brains were processed for Fos immunohistochemistry 90 min after the i.v. treatment. In
both experiments, the frontal cortex and striatum of the cocaine-treated nonanesthetized rats
expressed Fos in greater amounts than the saline-treated nonanesthetized rats, as expected. The a-
chloralose treatment prevented cocaine-induced Fos expression across all eight subregions of the
striatum and frontal cortex that were examined. In contrast, isoflurane only partially attenuated Fos
expression in the orbital and Cg2 subregions of frontal cortex. These results suggest a strong
advantage for using isoflurane, as opposed to a-chloralose, when studying anesthetized rats for in
vivo effects of psychostimulants.
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Introduction

Cocaine is a widely abused drug that has powerful reinforcing properties in both humans and
animals. Functional magnetic resonance imaging (FMRI) studies of systemically administered
cocaine have shown widespread patterns of activated and deactivated brain regions (Breiter et
al., 1997; Kufahl et al., 2005). FMRI of the effects of cocaine in laboratory animals usually
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rely upon anesthetic regimens to eliminate the confounding effects of stress and motion. The
injectable anesthetic a-choralose has been used in several important FMRI animal experiments
(Hyder et al., 1994; Lee et al., 1999; Silva et al., 1999), due to its ability to provide high
functional contrast (Lindauer et al., 1993; Ueki et al., 1992). The volatile anesthetic halothane
has been popular in pharmacological FMRI studies (Mandeville et al., 2004; Marota et al.,
2000; Schwarz et al., 2004), but due its hepatoxicity (Younes et al., 1988) it is often replaced
by the similar compound isoflurane (Hanusch et al., 2007). Anesthetics in general can have
profound effects upon cerebral blood flow and cerebrovascular coupling (Austin et al., 2005),
but little is known about whether their use also changes the neural activation pattern of acute
cocaine or other psychoactive drugs.

The effects of drug-elicited brain activation can also be evaluated postmortem in animals by

measuring expression of the immediate early gene c-fos. c-Fos is characterized by rapid and

transient activation following exposure to a variety of stimuli (Morgan and Curran, 1995). In
quiescent baseline conditions, c-fos mMRNA is barely detectable, but after exposure to a stimulus
the gene is induced, resulting in an increased expression of the protein product, Fos. The Fos
protein concentration peaks within 90-120 min and then degrades to basal levels after four to
six hours (Brown et al., 1992; Hyman and Nestler, 2004; Moratalla et al., 1993).

Acute administration of cocaine increases c-fos and Fos expression in cocaine-naive animals
(Graybiel etal., 1990; Hope etal., 1992; Young etal., 1991), and in animals that have undergone
abstinence following a cocaine self-administration training regimen (Neisewander et al.,
2000). Fos expression following cocaine exposure is also highly sensitive to the animal’s
history of cocaine experience (Ennulat et al., 1994; Hope et al., 1992) and novelty of the testing
environment (Crombag et al., 2002; Hope et al., 2006). This study used two experiments to
describe a-chloralose- and isoflurane-induced alterations of the brain response to intravenously
administered cocaine. Our initial hypothesis was that isoflurane, which provides a
physiological state that is easier to precisely control than a-chloralose, would have less of a
confounding impact on cocaine-induced Fos expression.

Methods and Materials

Animals

Surgery

Male Sprague-Dawley rats weighing 250-300 g were housed individually in a temperature-
controlled colony room with a 12-h reversed light/dark cycle. Animal care and housing
conditions were consistent with the specifications of the Guide for the Care and Use of
Laboratory Animals (National Research Council, 1996). Experimental procedures were
approved by the Institutional Animal Care and Use Committee at Arizona State University.
Animals were acclimated to handling for 5 days before surgery.

Atropine sulfate (10 mg/kg i.p., Sigma) was administered before surgery to reduce bronchial
secretions. The rats were anesthetized with sodium pentobarbital (50 mg/kg i.p., Sigma) and
a catheter was inserted into the jugular vein as described in detail previously (Neisewander et
al., 2000). Catheters were constructed from Silastic tubing (10 cm length, 0.012 in inner
diameter, 0.025 in outer diameter, Dow Corning, Midland, MI) connected to a 22 gauge
nonferrous metal cannula encased within a plastic screw connector (Plastics One, Roanoke,
VA). A flexible obturator made from Tygon tubing was fitted over the cannula to prevent
infection when not in use. Patency of the catheters was maintained throughout the experiment
by daily flushing with 0.1 ml bacteriostatic saline solution containing heparin (70 U/ml, Elkins-
Sinn, Cherry Hill, NJ) and ticarcillin disodium (20 mg/ml GlaxoSmithKline, Philadelphia, PA).
Rats also received 0.67 mg/ml urokinase (Astra USA, Westerborough, MA) daily for 1 week
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after surgery. Catheter patency was tested periodically with 0.8 mg methohexital sodium
(Brevital, Sigma), a dose that produces loss of muscle tone only when administered i.v.
Following surgery, rats were allowed to recover for 5-7 days in their home cages.

Cocaine hydrochloride (Research Triangle Institute) was dissolved in 0.9% saline and filtered
for i.v. administration. Injectable a-chloralose (B-anomer < 20%, Sigma, St. Louis, MO) was
dissolved in a 20% (2-hydroxypropyl)-p-cyclodextrin (Sigma, St. Louis, MO) solution as
described by Storer and colleagues (1997). All injections were delivered at a volume of 1 ml/
kg body weight. Liquid isoflurane (Abbott Laboratories, North Chicago, I1L) was mixed with
oxygen gas and delivered through a plastic nose cone connected to a vaporizer/mixer with a
charcoal filtration system (SurgiVet, Waukesha, WI).

Experiment 1

Experiment 1 examined changes in Fos protein following intravenous cocaine or saline infusion
in nonanesthetized or a-chloralose-anesthetized rats. Rats were divided into three groups that
were given either saline and no anesthetic (Sal-NoA,; n = 4), cocaine and no anesthetic (COC-
NoA; n = 6), or cocaine under a-chloralose anesthetic (COC-Chloralose; n = 5). Because c-
fos expression is known to be highly sensitive to environmental novelty (Dragunow and Faull,
1989; Kaczmarek et al., 1988), the rats were habituated to i.v. saline injections for 5 days prior
to the test session. For each habituation session, the rats were injected with saline (1 ml/kg)
and returned to their home cages.

On the test day, rats in the nonanesthetized groups were given an i.v. infusion of either cocaine
(2 mg/kg) or saline, and returned to their home cage for 90 min. Injections were given over 5
sec for optimal cocaine-elicited Fos response in both anesthetized and nonanesthetized rats
(Ferrario et al., 2008; Samaha et al., 2004).

Onthetestday, rats in the COC-Chloralose group received a-chloralose (60 mg/kg, i.v., infused
through the catheter over 60 sec) and were placed in the holding chamber. Complete induction
of anesthesia was tested by a tail pinch. Rats were placed on an electric blanket to prevent
hypothermia once they were conclusively anesthetized. Anesthesia was maintained by 36 mg/
kg/h a-chloralose (i.v., 6 mg/kg injections every 10 min). Breathing was visibly monitored
every 15 min and core temperature was continually measured with a flexible rectal probe (YSI,
Dayton, OH) connected to a digital thermometer (Cole-Parmer, Vernon Hills, IL). The power
of the electric blanket was adjusted throughout the session to keep the core temperature at 37
+ 1 °C. Cocaine was administered (2 mg/kg i.v. over 5 sec) 25 min after the first a-chloralose
maintenance injection. Rats were kept under anesthesia and monitored for 90 min following
the cocaine administration.

Experiment 2

Experiment 2 examined changes in Fos protein following intravenous cocaine or saline infusion
in nonanesthetized or isoflurane-anesthetized rats. Rats were divided into four groups that were
given either saline and no anesthetic (Sal-NoA; n = 8), cocaine (2 mg/kg, i.v.) and no anesthetic
(COC-NoA; n=6), cocaine under 2.5% isoflurane anesthesia (COC-ISO; n = 7) or saline under
isoflurane anesthesia (Sal-1SO; n = 8). Rats were habituated to i.v. saline injections on each of
the 5 days prior to testing, utilizing alternative holding chambers. For each habituation session,
the rats were injected with saline and placed into a holding chamber for 2 h, remaining
undisturbed inside the colony room. The holding chambers were ventilated and were of the
same size and bedding type (Sani-chip, Harlan-Teklad, Madison, WI) as the home cages.
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On the test day, rats in the nonanesthetized groups were placed in their holding chambers and
given their assigned cocaine or saline infusion. Rats in the anesthetized groups were placed in
a Plexiglas induction chamber and administered 3% isoflurane. After induction of anesthesia
was confirmed by tail-pinch, the rat was placed on an electric blanket and the isoflurane
concentration was reduced to 2%. Breathing and core temperature were monitored in a manner
identical to Experiment 1. Expired gases were collected from the rat’s nose by a cannula
connected to a low-flow capnograph (model V90041, SurgiVet) via a plastic sample line
(Smiths Medical, Waukesha, WI). Heart rate and oxygen saturation (SpO,) were monitored
using a pulse oximetry clip (SurgiVet) secured to the rear foot and connected to the same
capnograph system. Thirty min after reducing the isoflurane, rats received their assigned i.v.
infusion of either saline or cocaine (2 mg/kg ) over a 5-sec period. They were then maintained
under isoflurane anesthesia for an additional 90 min. Physiological parameters (end-tidal
CO,, SpOy, breathing rate, heart rate and core temperature) were recorded every 10 min under
anesthesia. The maintenance dose of isoflurane was continually adjusted (between 1.4% and
2.5%) in order to keep SpO, > 95% and breathing rate > 68 cycles/min, and the power of the
electric blanket was adjusted to keep the core temperature at 37 = 1 °C. It is noteworthy that
some elements of the test environment for the anesthetized groups were different from that of
the NoA groups for both experiments in order to incorporate anesthetic and monitoring
equipment.

Tissue preparation

Ninety min after cocaine or saline administration, all rats were deeply anesthetized with sodium
pentobarbital (100 mg/kg, i.p.). The circulatory system was perfused with 200 ml of ice-cold
saline followed by 250 ml of ice-cold 4% paraformaldehyde in 0.1 M phosphate-buffered saline
(PBS, pH 7.4). The brain was removed and post-fixed in paraformaldehyde for 24 h, and then
cryoprotected by submersion in 30% sucrose for at least 24 h. The brains were then sectioned
using a sliding microtome (Microm International, Walldorf, Germany) connected to a freezing
stage (Physitemp, Clifton, NJ). Serial coronal 40 um sections were collected, separated by 120
pm, centered at anatomical locations corresponding to bregma +3.2 and +1.6 mm (Paxinos and
Watson, 1998). The tissue sections were then frozen and stored at 4° C in a cryoprotectant
solution comprised of 0.02 M PBS (pH 7.2), 30% sucrose, 10% polyvinyl pyrrolidone and 30%
ethylene glycol.

Fos protein immunohistochemistry

Free floating tissue sections were first washed in 0.02 M PBS (pH 7.2, seven times for 10 min
each), incubated for 1 h in 0.4% Triton X-100 and 1.5% normal goat serum (NGS; Vector
Laboratories, Burlingame, CA) in 0.02 M PBS. The tissue was then incubated for 48 h at 4°C
with rabbit polyclonal anti-Fos serum (sc-52, Santa Cruz Biotechnology, Santa Cruz, CA),
diluted 1:10,000 in 0.02 M PBS containing 1% NGS and 0.4% Triton X-100. Following
incubation, the sections were washed in 0.02 M PBS (five times for 5 min each) and then
incubated for 1 h at room temperature in biotinylated goat anti-rabbit IgG antibody (Vector
Laboratories), diluted 1:400 in 0.02 M PBS. The tissue was then washed in 0.02 M PBS (three
times for 10 min each) and then incubated for 1 h in avidin-biotinylated horseradish peroxidase
complex (ABC Elite Kit; Vector Laboratories) diluted 1:100 in 0.02 M PBS. The sections were
then washed with 0.05 M Tris buffer (pH 7.6, three times for 10 min each) and incubated in
0.05 M Tris buffer containing 0.02% 3,3’-diaminobenzidine (DAB; Sigma), 2.5% nickel
ammonium sulfate and 0.005% H,0,. The DAB reaction was terminated after 3 min by rinsing
the tissue three times for 10 min in 0.02 M PBS. All of the washes and incubations described
above were performed on an orbital shaker (Cole-Parmer, Vernon Hills, IL) operating at 90
rpm. The sections were mounted onto gelatin chromium-coated slides, air-dried, dehydrated
and protected with a coverslip of light-microscopic inspection.
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Fos immunoreactivity analysis

Fos immunoreactivity was examined using a Nikon Eclipse E600 (Nikon Instruments,
Melville, NY) microscope set at 20x magnification and counted by an observer blind to
treatment conditions using the ImageTool software package (Version 3.0, University of Texas
Health Science Center, San Antonio, TX). The anatomical locations and boundaries of each
region were determined using a rat brain atlas (Paxinos and Watson, 1998) and are illustrated
in Fig 1. Sections taken at +3.2 mm from bregma contained the prelimbic (PrL), infralimbic
(IL), orbital (Orb) and Cg1 region of the anterior cingulate cortex (Cgl). Sections taken at +1.6
mm from bregma contained the Cg2 region of the anterior cingulate cortex (Cg2), nucleus
accumbens shell (NAcS), nucleus accumbens core (NAcC) and dorsal caudate/putamen
(dCPu). In addition, sections were taken from a subset of rats at —2.56 mm from bregma in
order to examine the mediodorsal thalamus as a control region for determining optimal primary
antibody concentration. The sections were taken such that the rostral-caudal extent of each
region of interest was sampled (340 pm). Fos immunoreactivity was counted and identified by
a blue-black oval-shaped nucleus (Fig. 2 and Fig. 3). Each region of interest was analyzed
using both hemispheres from three tissue sections from each animal. The area of each sample
measure was 0.26 mm?2, but two samples were taken from each hemisphere for the Orb and
dCPu. The counts from all the sample areas from a given region were averaged and scaled to
provide a mean number of Fos-positive cells per mm2.

Statistical analysis

Results

For Experiment 1, separate one-factor ANOVAs were used to analyze Fos protein expression
for each region of interest, with treatment group (COC-NoA, Sal-NoA, COC-Chloralose) as
the between-subjects factor. For Experiment 2, Fos protein expression was analyzed using 2
x 2 factorial ANOVAS for each region, with anesthetization state (nonanesthetized,
anesthetized) and drug treatment (saline, cocaine) as between-subjects factors. Significant
effects were further analyzed using Tukey’s HSD tests.

Experiment 1

The use of a-chloralose anesthesia resulted in a dramatic suppression of Fos protein expression
in all prefrontal cortical and striatal regions. In general, Fos expression was dense in the COC-
NoA group (Fig. 2A), sparse in the Sal-NoA group (Fig. 2B) and almost completely suppressed
in the COC-Chloralose group (Fig. 2C). Dense Fos expression was seen in trial images of the
mediodorsal thalamus of the COC-Chloralose group (Fig. 2D), suggesting that a-chloralose
reduction of Fos was specific to dopamine terminal regions. Analysis of the Fos-positive cells
in the cortical regions (Fig. 3A) revealed a significant main effect of treatment in Orb (F3 13 =
12.0, p <0.005), IL (F2,13 = 8.6, p <0.005), PrL (F2,13 = 11.0, p < 0.005), Cgl (F2 13 =7.7,
p <0.01) and Cg2 (F2 13 = 10.0, p < 0.005). Fos expression in the COC-NoA group was
significantly greater than in the COC-Chloralose group in all cortical regions (Tukey HSD
tests, p < 0.05). Also, Fos expression was significantly greater in the COC-NoA group than
the Sal-NoA group in Orb (Tukey HSD test, p < 0.05), but not in any of the other cortical
regions. Fos expression in the Sal-NoA group was significantly greater than in the CoC-
Chloralose group in PrL and Cg2 (Tukey HSD tests, p < 0.05), and exhibited a strong trend
toward greater expression in IL (Tukey HSD test, p < 0.06). Analysis of Fos expression in the
basal ganglia regions (Fig. 3B) also revealed a significant main effect of treatment in NAcC
(F2,13=10.7, p < 0.005), NACS (F2,13 = 9.2, p <0.005) and dCPu (F2 13 = 5.4, p < 0.05). Fos
expression in the COC-NoA group was significantly greater than the COC-Chloralose group
in all basal ganglia regions (Tukey HSD tests, p < 0.05). Fos expression in the COC-NoA group
exhibited a trend toward a difference from the Sal-NoA group in NAcC (Tukey HSD test, p <
0.07), but not in NAcS or dCPu. Fos protein expression in the COC-Chloralose group was
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significantly greater than in the COC-NoA group in the mediodorsal thalamus (data not shown;
t15 = 3.8, p < 0.005), whereas Fos expression in this region was not significantly different
between the COC-NoA and Sal-NoA groups.

Experiment 2

Isoflurane resulted in a partial and heterogeneous reduction of cocaine-induced Fos expression.
For example, Fos expression in IL was dense in COC groups (Figs. 4A and 4C) and sparse in
Sal groups (Figs. 4B and 4D), regardless of anesthetic condition. A main effect of anesthetic
was observed for Fos expression in IL (Fq 24 = 10.4, p < 0.005; Fig. 5A) and Cg2 (F1 24 = 9.9,
p < 0.005). Similarly, main effects of injection, as well as anesthetic, respectively, were
observed in Orb (F1,24 =32, p<0.001; F1’24 =4.1, p=0.055), PrL (F1,24 =17.1,p<0.001,;
F124=5.2,p<0.05) and Cg2 (F1 24 = 15.4, p < 0.001; F1 24 = 8.6, p < 0.01). Additionally,
an interaction between injection and anesthetic was observed in Cgl (Fq 24 = 6.1, p < 0.05).
Post-hoc analysis of Cgl Fos found a significant difference between the COC-NoA group and
Sal-NoA group (Tukey’s HSD test, p < 0.005), but not for any other combination of groups.
Main effects of injection, as well as anesthetic, respectively, were also observed in NAcC
(F1,24=4.3,p<0.05; F1 24 = 11.6, p < 0.005; Fig. 5B) and NAcS (F1 24 = 5.3, p < 0.05;
F1,24=8.5,p<0.01). A main effect of injection was also observed in dCPu (F1 24 =19.3,p <
0.0001).

Discussion

To our knowledge, this study constitutes the first comparison of cocaine-induced Fos
expression in the prefrontal cortex and striatum under a-chloralose and isoflurane anesthesia.
Both anesthetic regimens resulted in a reduction of cortical Fos expression, but striatal Fos
expression was less affected under isoflurane. The a-chloralose maintenance dose of 36 mg/
kg/h is considered light anesthesia for purposes of studying stimulated brain activity (Hyder
etal., 2002), yet the Fos protein response to systemic cocaine injection was almost completely
abolished. This result was anticipated by the lack of observed cocaine-induced cerebral blood
volume changes under similar conditions in one study (Chen et al., 2000), but appears to
contradict a recent finding of widespread cocaine-elicited brain activation (Lu et al., 2007). Lu
and colleagues utilized systemically administered manganese ions, which accumulate in active
neurons via calcium ion channels (Lin and Koretsky, 1997), and when these channels are open
an increased c-fos expression ensues (Morgan and Curran, 1986). The manganese signal was
also significant following a saline vehicle injection (Lu et al., 2007), and this measurement
technique is highly sensitive to nonspecific stimuli, even in animals under a-chloralose
anesthesia (Aoki et al., 2002). It remains a possibility that a-chloralose blocks those elements
of the cocaine response that correlate with cortical and striatal c-fos expression, but retains
others. For example, dense Fos expression in the mediodorsal thalamus was observed in the
a-chloralose-treated subjects, suggesting that the somatosensory pathway often studied with
this anesthetic (Duong et al., 2000; Hyder et al., 1994; Lee et al., 1999; Mandeville et al.,
1998; Silva et al., 1999) was left functionally intact, if not activated.

The amount of Fos protein expression in the cortex of the Sal-NoA group in Experiment 1 was
somewhat higher than expected. Despite this and the limited number of nonanesthetized
subjects, cocaine-specific effects were observed in the nucleus accumbens, consistent with past
c-fos and Fos studies (Graybiel et al., 1990; Hope et al., 1992). Although the absence of Fos
expression is not necessarily indicative of low brain activity (Hope et al., 1992), Fos expression
in the brain of an animal well-conditioned to its environment is generally expected to be quite
low (Herdegen and Leah, 1998). The most likely explanation for the high Fos reactivity
observed in Experiment 1 in the Sal-NoA rats is that habituation to the injection procedure
occurred in the colony room in this study, rather than the environment that the rats were exposed
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to on the test day. The novelty of the test procedure may have induced some Fos expression.

In contrast, rats in Experiment 2 were habituated to saline injections in alternative test chambers
that were in the testing environment for each of the 5 days prior to the test day. This adjustment
resulted in low Fos reactivity in nonanesthetized saline-treated animals.

In Experiment 2, isoflurane had no effect on cocaine-induced Fos expression in the IL and
dCPu, and appeared to increase Fos expression on its own in the PrL, Cg2, and NAcS. The
only regions exhibiting a reduction of cocaine-induced Fos expression were the Orb and Cgl
subregions of prefrontal cortex. Since cocaine-induced Fos expression has been shown to be
dopamine-dependent in the striatum (Young et al., 1991), the fact that isoflurane did not
significantly decrease Fos in the NAc or dCPu suggests that the dopaminergic response to
cocaine in these regions was left intact. Preservation of cocaine-induced brain activity in the
striatum has been used in the past to promote the use of halothane to investigate cocaine and
other reinforcing drugs (Mandeville et al., 2001; Marota et al., 2000; Schwarz et al., 2004).
The present findings suggest that isoflurane could be substituted for halothane with the
advantage of less compromise of liver function.

The nonuniform influence of isoflurane on cocaine-elicited Fos protein expression could be
evidence of a region-specific dependence between the mechanisms of cocaine and the
molecular targets of isoflurane anesthesia, resulting in a somewhat skewed representation of
the cocaine-induced brain activity. This finding is not surprising given that a positron emission
tomography study in monkeys found that isoflurane anesthesia facilitates cocaine-induced
inhibition of the dopamine transporter (Tsukada et al., 1999). A recent in vivo optical imaging
study has found that cocaine increased intracellular calcium concentration in the rat brain under
a-chloralose and isoflurane anesthesia, but this effect did not appear to be coupled with
cocaine’s ability to interfere with dopamine or norepinephrine uptake (Du et al., 2006).
Isoflurane itself has been shown to increase intracellular calcium ion concentrations in vitro
(laizzo, 1992; Kindler et al., 1999). Other targets of isoflurane include GABAA, receptors
(Nishikawa et al., 2002), glycine receptors (Downie et al., 1996) and nicotinic acetylcholine
receptors (Campagna et al., 2003). Therefore, our observation that isoflurane preserves much
of the cocaine Fos response cannot be extended to other drugs of abuse, such as alcohol or
nicotine, without additional experiments.

Cocaine-induced Fos has also been shown to be influenced by other anesthetic regimens in a
number of previous studies. Striatal Fos was suppressed by ketamine/xylazine when injected
before, but not after, systemic cocaine administration (Torres and Rivier, 1993). This effect
was probably not associated with changes in cocaine-induced changes in dopamine uptake
(Torres et al., 1994), implying that the lack of impact on striatal dopamine by a-chloralose
anesthesia (Massott and Longo, 1978) might not translate into a preserved Fos response to
cocaine. Sodium pentobarbital treatment strongly reduced the Fos response to cocaine
throughout the brain (Ryabinin et al., 2000). Both chloral hydrate and urethane severely
attenuated cocaine-elicited Fos expression in the striatum, by reducing glutametergic
neurotransmission (Kreuter et al., 2004). Any of the wide variety of general anesthetics used
in animal FMRI experiments (Steward et al., 2005) can therefore be expected to have some
impact on the Fos response to systemic cocaine.

Fos protein immunohistochemistry has been repeatedly used to verify the presence and spatial
localization of FMRI measurements of brain and spinal cord activity (Dashti et al., 2005;
Lawrence et al., 2004; Liu et al., 2004; Lu et al., 2004). These studies considered c-fos
expression to be a well-established marker of neural activity for somatosensory stimulation
(Melzer and Steiner, 1997; Morgan and Curran, 1995; Sagar et al., 1988). Throughout the last
decade, c-fos expression has also become an important probe of brain activity elicited by
cocaine and other psychoactive drugs (Cohen et al., 1990; Graybiel et al., 1990; Neisewander
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et al., 2000; Patel and Hillard, 2003; Young et al., 1991). Pharmacological FMRI studies of
brain function have also been utilized in conjunction with Fos, but in separate animal cohorts
(Kalisch et al., 2004; Stark et al., 2006). Because peak Fos protein expression occurs 90 min
to 2 h following acute drug stimulation (Moratalla et al., 1993), future animal imaging
experiments should be able to measure both Fos and FMRI probes by harvesting the brains of
the anesthetized rats immediately following the scan session. The results of this study suggest
that use of isoflurane, but not a-chloralose, anesthesia creates an animal model that retains
some brain sensitivity to systemic cocaine administration.
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Figure 1.

Schematic representation of coronal sections of the rat brain taken at (A) +3.2 and (B) +1.6
mm from Bregma (Paxinos and Watson,1998) illustrating the regions in this study as follows:
(1) Cgl region of the anterior cingulate cortex (Cgl); (2) prelimbic cortex (PrL); (3) infralimbic
cortex (IL); (4) orbital cortex (Orb); (5) Cg2 region of the anterior cingulate cortex (Cg2); (6)
nucleus accumbens core (NAcC); (7) nucleus accumbens shell (NAcS); (8) dorsal caudate/
putamen (dCPu). All sample areas were 0.26 mm2, except for Orb and dCPu, which were
sampled with 0.52 mm? areas.
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Figure 2.

Representative photomicrographs of Fos protein expression in the IL from aratin (A) the COC-
NoA group, (B) the Sal-NoA group and (C) the COC-Chloralose group in Experiment 1. Also
pictured (D) is a representative photomicrograph taken from the mediodorsal thalamus of a rat
in the COC-Chloralose group. Visible Fos protein expression was manifested as dark ovals
(highlighted by arrows). All images were taken at 20x magnification. Scale bar is equal to 100
pm.
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Figure 3.

Number of Fos-positive nuclei/mm?in cortical (A) and striatal (B) regions of rats in Experiment
1. Rats received either cocaine while nonanesthetized (COC-NoA group), saline while
nonanesthetized (Sal-NoA group) and cocaine while under a-chloralose anesthesia (COC-
Chloralose group). A * represents significantly greater Fos expression in the CoC-NoA group
than the COC-Chloralose group (p < 0.05). A + represents significantly greater Fos expression
in the Sal-NoA group versus the COC-Chloralose group (p < 0.05). A # represents significantly
greater Fos expression in the COC-NoA group versus the Sal-NoA group (p < 0.05).
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Figure 4.

Representative photomicrographs of Fos protein expression in the IL from aratin (A) the COC-
NoA group, (B) the Sal-NoA group, (C) the COC-ISO group and (D) the Sal-1SO group in
Experiment 2. Visible Fos protein expression was manifested as dark ovals (highlighted by
arrows). All images were taken at 20x magnification. Scale bar is equal to 100 pm.
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Figure 5.

Number of Fos-positive nuclei/mm? in cortical (A) and basal ganglia (B) regions of rats in
Experiment 2. Groups of rats received cocaine while nonanesthetized (COC-NoA group),
saline while nonanesthetized (Sal-NoA group), cocaine while under isoflurane anesthesia
(COC-ISO group), saline while under isoflurane anesthesia (Sal-ISO group). A * represents a
main effect of injected drug (p < 0.001), + represents a main effect of anesthetic treatment (p
< 0.055) and # a significant difference in Fos expression between the COC-NoA group and
the Sal-NoA group (p < 0.005).
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