
Introduction
Positron emission tomography (PET) brain imaging 
can be performed in humans and non-human prima-
tes in an awake state, however, this is much more 
difficult with small animals. Therefore, to prevent 
head movements when scanning rodents, PET scans 
are mostly performed under general anesthesia 
(Toyama et al., 2004; Schiffer et al., 2007). Anes-
thesia can be administered via different routes such 
as inhalation (ie. isoflurane), injection (ie. fentanyl-
fluanisone-midazolam/Hypnorm-Dormicum), or 
continued infusion (ie. propofol) (Colby and Mo-
renko, 2004). However, anesthesia affects a variety 

of physiological variables, as well as the outcome of 
studies performed in rodent brains (LaManna and 
Harik, 1986). This has been demonstrated by se-
veral studies showing that anesthesia affects tracer 
binding in animal brains (Votaw et al., 2003; Mo-
mosaki et al., 2004; McCormick et al., 2006; Patel 
et al., 2008; Lee et al., 2010), and is reviewed in 
Alstrup and Smith (2010). 
Although some of the anesthesia-related effects can 
be avoided by fixation of the head, permitting scan-
ning in an awake state (Momosaki et al., 2004; Ho-
soi et al., 2005), this is problematic from an animal 
welfare point of view as head fixation may induce 
stress (Madrigal et al., 2006). It is also important 
to note that stress can greatly influence the results 
of brain studies (Senoo, 2000; Lu et al., 2003; Ma-
drigal et al., 2006). In particular, handling and res-
traint of awake rats have been shown to influence 
the dopamine system (Marsteller et al., 2002). Patel 
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Summary
Rats are often anesthetized prior to positron emission tomography (PET) brain imaging in order to prevent 
head movements. Anesthesia can be administered by inhalation agents, such as isoflurane (Forene), or 
injection mixtures, such as fentanyl-fluanisone-midazolam (Hypnorm-Dormicum). Unfortunately, anes-
thesia affects a variety of physiological variables, including those in the brain. The aim of this study was 
to compare the effects of inhalation and injection anesthesia on the binding potential of the dopaminergic 
D

2/3
 tracer [11C]raclopride used for PET brain imaging in human and animal studies. Male Lewis rats were 

assigned to either inhalation (isoflurane; N=4) or injection (fentanyl-fluanisone-midazolam; N=5) anesthe-
sia. Isoflurane was given continuously, and fentanyl-fluanisone-midazolam was supplemented every 30-60 
minutes when the tail reflex was positive. Catheters were surgically placed in femoral arteries and veins for 
blood sampling and tracer injection. After a short attenuation scan, the rats were PET scanned for 90 minu-
tes after injection of [11C]raclopride. We found that rats anesthetized with isoflurane had double the binding 
potential in the striatum compared with fentanyl-fluanisone-midazolam anesthetized rats. Our results are in 
agreement with other studies showing that anesthesia may have a major influence on brain imaging studies 
involving tracer kinetics in rats.
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and co-workers demonstrated that restraint of awake 
rats could significantly reduce binding potentials of 
the dopamine D

2/3
 receptor antagonist [11C]raclopri-

de by 29 % (Patel et al., 2008). Therefore, it appe-
ars that performing raclopride studies in restrained 
awake rats is not ideal. Alternatively, the rats may 
be anesthetized with drugs with known effects on 
[11C]raclopride binding. Patel and co-workers found 
approximately the same striatum to cerebellum ra-
tio of [11C]raclopride in xylazine-ketamine anesthe-
tized rats as in free-moving awake rats (Patel et al., 
2008). However, the effects of two other commonly 
used anesthetics, isofluorane and fentanyl-fluani-
sone-midazolam, on [11C]raclopride binding po-
tentials have never been studied in rats. The aim of 
this study was to compare the effects of inhalation 
and injection anesthesia on the binding potentials of  
[11C]raclopride in rat brains using PET imaging.

Materials and Methods
Animals
Animal experiments were performed in accordan-
ce with the Danish Animal Experimentation Act on 
a license granted by the Ministry of Legal Affairs. 
All housing and procedures were performed accor-
ding to the Convention ETS 123 of the Council of  
Europe. The experiment was performed on 9 bar-
rier-raised inbred male Lewis (LEW/Han) rats 
weighing 336 grams (± 37 grams) (Harlan, Horst, 
Holland). The rats had undergone health monitoring 
according to the Federation of European Laboratory 
Animal Science guidelines. The rats were maintai-
ned in groups of 2 - 3 in U-1400 cages (Techniplast, 
Buguggiate, Italy) on aspen bedding (Finn Tapvei, 
Kaavi, Finland) at 21 oC ± 2 oC, at a relative humi-
dity of 55-85 %, and a light-dark cycle of 12 hours. 
The rats had free access to a standard laboratory 
pellet diet (Altromin 1324, Aarhus, Denmark) and 
tap water. 

Animal preparation
The rats were assigned to receive either inhalation 
(N=4) or injection (N=5) anesthesia. Catheters were 
surgically placed in femoral arteries and veins for 

blood sampling and tracer injection. The rats were 
PET scanned for 90 minutes with [11C]raclopride. 
After the end of the PET scan period the rats were 
killed by an overdose of pentobarbitone (100 mg/
kg; IV).

Anesthesia
In the inhalation group, anesthesia was induced with 
5 % isoflurane (Forene, Abbott, Solna, Sweden) in 
an induction chamber, and the anesthesia was main-
tained using a mask with 1.6 - 2.0 % isoflurane in 
0.4 Liter / minutes oxygen and 1.5 Liter / minutes 
medical air. The isoflurane dose was reduced by 0.1 
% at approximately each half hour during anesthesia 
to prevent hypoventilation. In the injection group, 
anesthesia was induced with a subcutaneous mixtu-
re containing 0.02 mg fentanyl, 0.75 mg fluanisone 
(Hypnorm, VetaPharma, Leeds, United Kingdom) 
and 0.38 mg midazolam (Midazolam, Hamelm, 
Herlev, Denmark). The anesthesia was maintained 
by injection of approximately 1/3 of the dose given 
for induction every 30-60 minutes during anesthesia 
when the tail reflex was positive. The rats were sup-
plied with the same oxygen – medical air mixture as 
the inhalation group. 

PET imaging
Imaging was performed using a small animal tomo-
graph (microPET R4, CTI, Concorde). The spatial 
resolution (FWHM) of the scanner was 2 mm at the 
centre of the aperture, indicating a volume resolu-
tion of 8 mm3. After the 10 minute attenuation scan 
was performed using a 68Ge point source, the dyna-
mic 90 minute emission recording was initiated af-
ter bolus injection of 17 (± 13) MBq [11C]raclopride 
IV. The 90 minute emission recordings consisted of 
26 frames increasing in duration from 15 seconds 
to 10 minutes. Arterial blood gases (partial arterial 
CO

2
 concentration; PaCO

2
, and partial arterial O

2
 

concentration; PaO
2
) were measured before and 

after PET scanning. The absence of tail and inter-
digital pain reflexes were tested every 15 minutes. 
Changes in body temperature were automatically 
controlled by a warming lamp in a self-regulating 
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heating system, and the body temperature was set to 
remain between 36 and 37 oC.

Kinetic analysis
Summed emissions were manually registered to a 
rat brain atlas using the software Register (Montreal 
Neurological Institute (MNI), Montreal, Canada). 
Volume of interest templates for the striatum and 
cerebellum were identified in a stereotaxic atlas of 
the rat brain (Paxinos and Watson, 1998) and de-
fined using the program Display (MNI, Montreal, 
Canada) as described previously (Pedersen et al., 
2007). After re-sampling the templates to the nati-
ve PET space, time activity curves for the striatum 
and cerebellum were extracted. The cerebellum was 
used as a reference tissue for the non-specific tracer 
binding. The distribution volume ratio (DVR) of the 
striatum was calculated relative to the cerebellum 
reference region using the linearization of the Logan 
simplified reference tissue kinetic model (Logan et 
al., 1996) for data recorded in the 30-90 minute in-
terval of the scan. The binding potential was then 
obtained by subtracting 1 from the DVR.

Statistics
Differences in the striatal binding potential in the 
two groups of rats were assessed for statistical sig-
nificance using a two-tailed student t-test. A paired 
t-test was used to compare blood gas measurements 
before and after PET scans. A two-tailed student t-
test was used to compare blood gases between anes-
thesia groups. The threshold for significance was set 
at P=0.05. 

Results
Effects on raclopride binding
Rats anesthetized with isoflurane had a significantly 
higher striatal binding potential than rats anesthe-
tized with fentanyl-fluanisone-midazolam (Figure 
1A). We found an average binding potential of 1.95 
(+/- standard deviation 0.27) in isoflurane treated 
rats compared to an average of 0.74 (+/- standard 
deviation 0.24) in fentanyl-fluanisone-midazolam 
anesthesia injected rats (Figure 1B), (P<0.001). 
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Figure 1. Isoflurane treated rats have significantly higher striatal [11C]raclopride binding potential than 
fentanyl-fluanisone-midazolam treated rats. (A) PET images are shown for [11C]raclopride binding in one 
representative rat in each group. (B) Binding potential values for [11C]raclopride are shown for each rat 
in the experiment, determined by subtracting 1 from the distribution volume ratio (DVR). Circles represent 
rats treated with isoflurane (N=4) and squares represent rats treated with fentanyl-fluanisone-midazolam 
(N=5). Binding potential was significantly greater in rats treated with isoflurane (2-tailed student t-test 
*P<0.001).
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Blood gases
The results of the blood gas analysis under different 
types of anesthesia are shown in Table 1. During the 
scans, PaCO

2 
decreased significantly in the fentanyl-

fluanisone-midazolam group (P=0.009), but not in 
the isoflurane group. However, PaCO

2
 did not sig-

nificantly differ between the two anesthesia groups 
before or after scanning. No significant changes in 
PaO

2
 were observed during scanning in either group, 

but PaO
2
 was significantly higher in the isoflurane 

group at both sampling times (p<0.001).

Discussion
We tested the effects of inhalation (isoflurane) versus 
injection (fentanyl-fluanisone-midazolam) anesthe-
sia on the specific binding of [11C]raclopride in rat 
brains. Our results strongly indicate that anesthesia 
may have a major influence on the binding potential 
of this dopamine D

2/3
 receptor antagonist. 

Effects on raclopride binding potentials
We found more than a two-fold higher level of ra-
clopride binding in isoflurane anesthetized rats com-
pared to rats anesthetized with fentanyl-fluanisone-
midazolam. Patel and co-workers demonstrated that 
[11C]raclopride striatum to cerebellum ratios were 
similar in xylazine-ketamine and freely moving rats 
30 minutes after tracer injection (Patel et al., 2008). 
However, the uptake in stratum and cerebellum 

was roughly four times higher in anesthesized rats 
compared to awake rats. It is unknown whether the 
uptake of [11C]raclopride in the isoflurane or the 
fentanyl-fluanisone-midazolam treated rats is simi-
lar to that in freely moving rats. Isoflurane increases 
cerebral blood flow (CBF) in rats (Duong, 2007), 
and this may facilitate the delivery of [11C]raclopri-
de from plasma to brain tissue, resulting in higher 
brain uptake. The effects of fentanyl-fluanisone-mi-
dazolam on CBF have never been studied. However, 
in the current study PET data are collected during 
the 30-90 minute period of the scan, when the tracer 

has reached a steady state between the concentra-
tion in the brain and plasma, and thus the potential 
contribution of blood flow is assumed to be minor.
We have previously shown a 19 % reduction in [11C]
raclopride striatal binding potential after ampheta-
mine challenge in isoflurane anesthesized rats (Pe-
dersen et al., 2007), which is smaller than the 30% 
reduction in both awake and xylazine-ketamine 
anesthesized rats in response to methamphetamine 
(Patel et al., 2008).  McCormick and co-workers 
have tested the differential effects of isoflurane on 
the amphetamine sensitivity of three PET dopami-
ne D

2/3
 receptor tracers and found that isoflurane 

differentially increased receptor binding and am-
phetamine sensitivity of [11C]PHNO and [11C]NPA 
compared to [3H]-raclopride (McCormick et al., 
2006). Challenge effects on  [11C]raclopride binding 
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Table 1. Differences in blood gases (mean ± SD) before and after PET scanning in isoflurane and fentanyl-
fluanisome-midazolam anaesthetized rats.

	 Parameters	 [units]	 isoflurane		  fentanyl-fluanisone-midazolam

			   Before	 After	 Before	 After

	 N	 []	 4	 3	 5	 5

	 PaCO
2
	 [kPa]	 5.9 ± 0.5	 5.2 ± 1.4	 7.6 ± 0.6	 5.0 ± 0.9A**

	 PaO
2
	 [kPa]	 20.1 ± 2.5	 18.8 ± 6.4	 9.2 ± 1.2B***	 12.9 ± 3.5B***

PaCO
2
: partial arterial CO

2
 concentration. PaO

2
: partial arterial O

2
 concentration. A: Significant lower 

PaCO
2  

than before PET scanning. N: number of rats in each group. B: Significant lower PaO
2  

than in the 
isofluorane group. A two-tailed student t-test was used to compare blood gases between anesthesia groups. 
*: P<0.05; **: P<0.01; ***: P<0.001.
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have never been studied during fentanyl-fluanisone-
midazolam anesthesia. Based on our data, it may be 
expected that since the baseline binding potential 
of raclopride is lower in fentanyl-fluanisone-mida-
zolam than in isoflurane anesthesia by about 50%, 
there may be large differences in the results of these 
types of challenge experiments due to the choice of 
anesthetic. 
Anesthesia effects on [11C]raclopride binding have 
been studied in other species such as cats and pri-
mates. In cats, [11C]raclopride binding in striatum is 
unaffected by ketamine but is enhanced by halotha-
ne anesthesia compared to the awake condition. The 
effects were explained by an increase in CBF during 
halothane anesthesia (Hassoun et al., 2003). Tsuka-
da and co-workers investigated whether isoflurane 
affects the outcome of drug challenges on [11C]ra-
clopride binding in the brains of Macaca mulatta 
monkeys  and found that in both awake and anes-
thetized monkeys, methamphetamine caused a ma-
rked release of dopamine, whereas nicotine failed to 
affect dopamine release (Tsukada et al., 2002).

Blood gases
Most anesthetics are known to depress respiration, 
and this may increase PaCO

2
. As a potent dilator, 

CO
2
 may influence the CBF in rodents (Broux et al., 

2002; Sicard and Duong, 2005). PaCO
2
 should the-

refore be controlled and kept stable in brain studies, 
when animals are anesthetized, to avoid variations 
in CBF. In order to prevent accumulation of CO

2
, 

the isoflurane concentration was reduced from 2.0 
% to 1.6 % during the 90 minutes of the PET scans. 
In the fentanyl-fluanisone-midazolam anesthesized 
rats, anesthesia was maintained by injection of ap-
proximately 1/3 of the initial dose every 30-60 mi-
nutes. PaCO

2 
was significantly higher at baseline in 

the fentanyl-fluanisone-midazolam group, but later 
on it was reduced to the same level as in the isoflura-
ne group. This may indicate a respiration depression 
effect of the initial full fentanyl-fluanisone-midazo-
lam dose. The PaO

2 
was significantly lower in the 

fentanyl-fluanisone-midazolam than in the isoflura-
ne group, which is consistent with a higher PaCO

2 

concentration at baseline in this group suggesting 
hypoventilation. A non-significant increase in PaO

2  

was observed in the fentanyl-fluanisone-midazolam 
group, and may indicate better ventilation. 

Conclusion
In conclusion, our study indicates that inhalation 
(isoflurane) versus injection (fentanyl-fluanisone-
midazolam) anesthesia may influence binding po-
tential of [11C]raclopride in rat brains. Our results 
are in agreement with other studies showing that 
anesthesia may have a major influence on brain ima-
ging studies involving tracer kinetics in rats. Howe-
ver, more animal studies are needed to investigate 
which type of anesthesia is most representative of 
what occurs in freely moving rats.
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