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Abstract
Mass dose effects of the PET radioligands [11C] carfentanil and
[11C] raclopride were determined on venous plasma cortisol and
prolactin levels before and after tobacco smoking in overnight
abstinent healthy male smokers.
Methods: The total [11C] labeled and unlabeled doses of each
ligand were used to assess the association between the doses of
ligands and the hormone levels by linear regression analyses.
Results: Peak cortisol levels after average nicotine (avnic) tobacco
smoking were decreased with greater carfentanil doses (p = 0.03).
The change in plasma cortisol levels after avnic smoking compared
to before avnic smoking was also decreased with greater carfentanil
doses (p = 0.003). Unexpectedly the changes in cortisol levels after
denicitinized (denic) tobacco smoking compared to before denic
smoking were increased with greater carfentanil doses (p = 0.04).
No dose effects of raclopride were found on cortisol levels. Peak
prolactin levels after avnic smoking were increased with greater
raclopride doses (p = 0.003). The changes in prolactin levels after
avnic smoking compared to before were also increased with greater
doses of raclopride (p < 0.001). There was no effect of carfentanil
on plasma prolactin.
Conclusion: No correlations between the doses of the radioligands
and the basal hormone levels were found. However in the presence
of nicotine tobacco smoking the PET ligands had significant subtle
clinical pharmacological effects on both cortisol and prolactin.
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Introduction
[11C] Carfentanil and [11C] raclopride are selective PET tracers
for mu opioid receptors and dopamine D2/D3 receptors with agonist
or antagonist effects. PET tracers must be given to humans in mass
doses that have no obvious clinical pharmacological effects. An
important basic science issue is whether such tiny mass doses have
any subtle pharmacologic effects. The present study involves the use
of nicotine in tobacco smoking to increase venous plasma cortisol
and prolactin during PET imaging. The prototype classic mu opioid
receptor agonist is morphine. In humans acute morphine reduces
venous cortisol levels [1] and increases prolactin levels [2,3]. Hence
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the very potent mu agonist carfentanil should also decrease cortisol
and increase prolactin levels with increasing doses. Amphetamine
induces mesolimbic brain dopamine and plasma cortisol releases
[4]. On the other hand dopamine receptor agonists inhibit prolactin
release [5]. Raclopride is a specific antagonist for dopamine D2/D3
receptors [6] and may increase plasma prolactin in large doses.
The typical PET doses of total carfentanil are approximately 1 to
< 10 μg with 3 to 20 mCi [7-9]. The typical PET doses of raclopride
are commonly reported only in radioactivity such as 3 to 10 mCi
[6,10]. Although many articles regarding PET scans using these
radiotracers have been published, only a few reports mention any
pharmacological effects of the tracers. Wand et al. [11] reported no
agonist effects of carfentanil < 40 ng/kg. Scott et al. [12] concluded no
pharmacological effect with 48.0 ± 37.0 ng/kg of carfentanil and 89.0
± 47.0 ng/kg of raclopride. In this study the doses of carfentanil and
raclopride were 3.5 to 34.4 ng/kg (mean ± SD 16.7 ± 9.8 ng/kg, 10-15
mCi) and 0.8 to 45.1 ng/kg (mean ± SD 12.8 ± 10.8 ng/kg, 10-15 mCi)
respectively. This present study provides evidence that even the very
small mass doses of carfentanil and raclopride used in PET studies
have subtle effects on tobacco/nicotine endocrine actions.

Material and Methods
Twenty four healthy American male 20-36 years old smokers
were recruited for this study. Their average weight was 88.8 ± 12.8
kg. They smoked 15-40 cigarettes per day for at least 1 year. The
detailed subject criteria and the procedures of PET scans used for this
study were same as previous studies [13,14]. Two different research
tobacco cigarettes, average nicotine (avnic) and denicotinized (denic)
were used. The avnic and denic cigarette included 1.01 and 0.08 mg
of nicotine and 9.5 and 9.1 mg of tar respectively. Both cigarettes
had identical filter tips and no flavors added. Rate of puff and depth
of inspiration were similar in both cigarettes. The denic smoking
produced a very minor increase in venous plasma nicotine compared
to avnic smoking which increased plasma nicotine levels > 10 ng/ml.
Several subjects were excluded due to lack of hormonal, PET scan, or
radioligand data. For cortisol analyses, N =17 and 20 for carfentanil
and raclopride. For prolactin analysis, N = 13 and 14 for carfentanil
and raclopride respectively.
Two PET scans were subsequently completed with a 15 min
break between the scan sessions. In the first scan session started from
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Figure 1: Venous plasma cortisol levels and carfentanil mass doses.
Peak and delta cortisol levels after avnic smoking and carfemtanil mass
doses were significantly negatively correlated (p = 0.002 for peak, 0.04 for
delta). Delta cortisol levels after denic smoking and the mass doses were
significantly positively correlated (p = 0.03).
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Radiotracer mass dose effects on prolactin levels
Thirteen of 20 subjects were studied for carfentanil mass dose
effects on prolactin. After carfentanil administration, the prolactin
levels of before, peak and delta were 6.4 ± 2.1, 7.3 ± 2.1 and 0.9 ± 0.8
ng/ml with denic, and 6.3 ± 2.4, 9.2 ± 4.6 and 2.8 ± 3.4 ng/ml with
avnic smoking. There was no correlation was found between the mass
dose and the prolactin levels.
Fourteen of 20 subjects were studied for raclopride mass dose
effects on prolactin. After raclopride administration, the prolactin
levels 5.7 ± 1.8, 7.3 ± 2.5 and 1.6 ± 1.4 ng/ml with denic, and 5.3 ±
1.7, 7.6 ± 2.9 and 2.3 ± 0.5 ng/ml with avnic. The peak prolactin levels
after avnic (F(1,12)=14.15, p = 0.003) and delta prolactin levels after
avnic (F(1.12) = 34.02, p < 0.001) were significantly correlated with
raclopride mass dose (Figure 2).
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correlation between raclopride mass doses and cortisol levels were
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Figure 2: Venous plasma prolactin levels and raclopride mass doses. Peak
and delta prolactin levels after avnic smoking and raclopride mass doses
were significantly positively correlated (p = 0.003 for peak, p < 0.001 for
delta).

around 8:30 am, one of the PET ligands was administrated via i.v.
in the PET scanner and the subjects smoked denic cigarettes. In the
second scan session, the other PET ligand was administrated and
the subjects smoked avnic cigarettes. On another day, the subjects
had other two PET scans with counterbalanced tracer-cigarette
combinations. In all sessions, the time of radiotracer administration
was considered as 0 min. The subjects inhaled smoke of two denic
cigarettes from an enclosed gallon bottle at 43-53 min of the first
session and the subjects inhaled smoke of two avnic cigarettes from
an enclosed gallon bottle at 43-53 min of the second session. Each
PET scan lasted for about 95 min. The administrated mass doses of
carfentanil and raclopride were 3.5 – 34.4 ng/kg (mean ± SD 16.7 ± 9.8
ng/kg) and 0.8 – 45.1 ng/kg (mean ± SD 12.8 ± 10.8 ng/kg). Cortisol
and prolactin data were measured at 0, 15, 30, 43, 49, 59, 65, 75, and 95
min during each. The hormone levels measured before either denic or
avnic smoking are labeled as before. The highest hormone levels after
either denic or avnic smoking are labeled as peak. The changes (delta)
in hormonal levels were calculated as peak minus before. Venous
blood samples were sent to the University of Michigan CLASS lab
for plasma hormonal analyses. Correlations between each hormone
level and either carfentanil or raclopride mass dose were determined
by linear regression analyses with using the EZR version 1.2121 [15].
The p value was considered as significant if < .05.

Results
Radiotracer mass dose effects on cortisol levels

Plasma cortisol and prolactin levels were chosen to be measured
as possible indicators of very subtle PET ligand clinical and
pharmacological actions. The initial hypothesis for this study was that
the PET tracer doses of carfentanil and raclopride had no effects on
tobacco smoked cortisol and prolactin levels because the doses are
clinically subtheraputic. Nicotine is well-known to increase cortisol
and prolactin levels [16,17]. To exclude the nicotine effects, the
hormone levels before smoking were studied first. No significant
correlations between the basal hormone levels and the mass doses
were found. However, their mass doses correlated mainly with the
peak and delta hormone levels after avnic smoking. This indicates
that radiotracer mass dose effects are real but not clinically significant
without an exogenous trigger such as nicotine/tobacco smoking.
The analytic variations in cortisol and prolactin blood levels were
small compared to the effects by nicotine inhalation in the total group.
The associations between the hormone levels and tracer mass doses
were determined by linear regression study. The effects of mu opioid
receptor agonists on glucocorticoids release are very different in
humans compared to animals. In rats, morphine and fentanyl increase
plasma corticosterone levels [18]. Pascoe et al. [19] found no cortisol
changes with fentanyl (0.0003 – 0.02 mg/kg) in monkeys. In humans,
morphine and other opioid agonists [20,21] inhibit the HPA axis and
result in decreases in plasma cortisol levels [22]. Therefore carfentanil
as a potent mu opioid receptor agonist decreases cortisol levels with
larger mass dose with exogenous nicotine/tobacco smoking in this
study. However the cortisol levels after denic smoking were increased
with carfentanil mass dose. Although this result can be explained as
significant cortisol release induced by PET scan related physical and
psychological stress, more studies are needed to determine the effects
of mass dose and denic smoking. The peak and delta prolactin levels
were significantly positively correlated with raclopride mass doses
with only avnic smoking. Denic smoking does not change cortisol
and prolactin levels [23]. No correlations between heart rate and the
tracers were found in the present study (data not shown).

Seventeen of 20 healthy smokers were studied for carfentanil
mass dose effects on plasma cortisol. After carfentanil administration,
the cortisol levels before smoking (before), peak after smoking (peak)
and changes (delta) were 10.3 ± 4.0, 8.4 ± 3.7 and -1.9 ± 0.7 μg/ml
(mean ± SD) with denic, and 7.5 ± 3.6, 11.2 ± 4.5 and 3.7 ± 3.7 μg/
ml with avnic smoking. The delta cortisol levels after denic (F(1,15)
= 5.99, p = 0.03), peak cortisol levels after avnic (F(1.15) = 13.3, p =
0.002) and delta cortisol levels after avnic (F(1.15) = 4.96, p = 0.04)
were significantly correlated with carfentanil mass dose (Figure 1).

One of the major basic as well as clinical issues in pharmacology
is the number of receptors occupied by an agonist or antagonist
when given in therapeutic doses. In the case of tobacco smoking,
only 1 to 2 puffs of a nicotine containing cigarette results in only in
a 0.87 ng/ml of nicotine venous plasma concentration. Surprisingly
this very small increase in nicotine plasma levels results in 50% of
α4β2 nicotinic acetylcholine receptors occupancy for 3.1 hours [24].
Perhaps the fact that in the present study far more α4β2 nicotinic
acetylcholine receptors were occupied by nicotine permitted the
minor pharmacological effects of mass doses of these two PET ligands
to be measured.

All 20 subjects were studied for raclopride mass dose effects on
cortisol. After raclopride administration, the cortisol levels of before,

The total carfentanil doses in this study were in the range of the
doses commonly used for humans which is 26 to 30 ng/kg and are less
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than 15% of the therapeutic dose for conscious sedation [9,25-28].
Compared to the carfentanil in vitro EC50 = 1.30 ± 0.15 nM for mu
opioid receptors [29], the tracer dose of carfentanil of 30 ng/ml in a
70 kg human body equals about 1.0 nM which may be significant even
if non-specific binding is taken account.
Regarding raclopride, the doses used in this study (0.8 to 45.1 ng/
kg) were similar to the doses in other studies which were 10 to 30 ng/
kg [30,31]. The raclopride Kd for dopamine D2 receptors in humans is
10 nM [32]. Farde et al. [33] clearly stated the total tracer dose should
be less 1 μg in total for human PET studies. Furthermore the same
group [34] reported that raclopride increased plasma prolactin in a
pilot study with mg order doses. Radioligand doses even if it is very
small may have subtle pharmacological effects in the presence of an
exogenous trigger such as nicotine/tobacco smoking. It should be
noted that this research study is not clinically relevant because the
subjects were smoking tobacco cigarettes during the PET scanning.
Obviously smoking is not permitted during such procedure. Smoking
was used as a trigger to enhance cortisol and prolactin levels to
observe any differences with radiotracer injection.

Conclusions
1. PET imaging is a very important medical technique widely used
and generally radiotracers are thought to have no obvious clinical
pharmacological effects.
2. While this is true the present study reminds us all that subtle
clinical and pharmacological actions are produced by the two
radioactive ligands, [11C] raclopride and [11C] carfentanil.
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