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Abstract

Recent studies have proposed activation of brown adipose tissue (BAT) thermogenesis as a new
strategy to combat obesity. Currently, there is no effective noninvasive imaging agent to directly
detect unstimulated BAT and quantify the core mechanism of mitochondrial thermogenesis. We
investigated an approach to detect BAT depots and monitor thermogenesis using the
mitochondria-targeting voltage sensor radiolabeled fluorobenzyltriphenyl phosphonium (FBnTP).

Methods—!8F-FBnTP, 14C-FBnTP, 18F-FDG, and 9°™Tc-sestamibi uptake in BAT at room
temperature (n = 8) and cold-treated (n = 8) Lewis rats was assayed. The effect of the cold
condition on 18F-FBnTP retention in BAT was assessed in 8 treated and 16 control rats. The effect
of the noradrenergic inhibitor propranolol on 14C-FBnTP response to cold stimulation was
investigated in an additional 8 treated and 8 control mice.

Results—At room temperature, 18F-FBnTP accumulated in BAT to an extent similar to that in
the heart, second only to the kidney and twice as much as #°™Tc-sestamibi. Prior exposure to cold
(4 °C) for 4 h resulted in an 82% decrease of 14C-FBnTP uptake and an 813% increase of 18F-
FDG uptake in BAT. 99MTc-sestamibi uptake was not affected by cold. Administration of 18F-
FBNnTP at room temperature 60 min before 120 and 240 min of exposure to cold resulted in
marked washout of the tracer from BAT. Propranolol significantly diminished the effect of cold
on 14C-FBNnTP and 18F-FDG uptake into BAT.

Conclusion—The intense uptake of 18F-FBnTP into BAT at room temperature and the response
to cold stimulation suggest the unique potential advantage of 18F-FBnTP not only in detecting
unstimulated BAT at high contrast but also in quantifying the mitochondrial thermogenic

activity. 18F-FBnTP PET may serve as a useful technique to assess BAT volume and function.
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The incidence of obesity has reached epidemic proportions, with 1.6 billion people
worldwide being overweight, of whom 400 million are obese (body mass index > 30) (1).
Complications related to obesity, such as diabetes and heart failure, contribute substantially
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to health care costs. Despite the prevalence and burden of obesity, there are no consistently
effective means to control weight gain (2,3).

Obesity can be defined as an imbalance between food intake and energy expenditure.
Thermogenic brown adipose tissue (BAT) has been implicated in the modulation of energy
balance. Several studies have proposed BAT as a target for antiobesity therapy, focusing on
increased energy expenditure-(4,5). BAT is known to generate heat in response to a cold
environment and a high-fat diet (6,7).

Previously, we have shown that 18F-FDG accumulates extensively in BAT in rats (also
termed uptake in supraclavicular area fat [USA-Fat] in humans) (8,9) and that this uptake is
markedly augmented by cold stimulation in a noradrenergic-dependent manner (10). Until
recently, the common belief was that BAT is restricted to hibernating animals and to young
children. Recent clinical studies using %MTc-sestamibi SPECT and 18F-FDG PET/CT
revealed that a fraction of adults retains metabolically active depots of BAT mainly in the
neck, supraclavicular, and paravertebral regions (11-14). The PET finding triggered
extensive investigation of the potential use of BAT thermogenesis as a tool to transform
caloric intake into heat rather than white fat depots. However, partly because of the lack of
appropriate noninvasive tools, most of our knowledge of BAT stems from animal studies.
Relatively little is known about BAT in humans. The incidence and contribution to overall
energy expenditure in adult humans, the distribution among geographic regions or ethnic
groups, and the modes of metabolic activation are still unknown.

A recent study has shown increased uptake of 99MTc-sestamibi in unstimulated BAT in a
small fraction of patients (11). Presently, 28F-FDG PET/CT is the technology commonly
used to detect metabolically active BAT depots in humans (12-15). However, clinical
studies have shown that 18F-FDG uptake in BAT is highly variable and nonreproducible.
Conflicting reports suggest a prevalence of subjects with positive 8F-FDG PET scans
showing BAT ranging from a low percentage to 80% (12,13,15,16). These inconsistent
results may be attributed to endogenous and exogenous factors, such as environmental
temperature, body mass index, blood glucose level, and diet. Yet, even within the same
subjects (33 breast cancer patients) undergoing repeated PET scans (n = 5) under similar
basal conditions (e.g., room temperature, body weight, blood glucose level, and fasting
conditions), 18F-FDG BAT uptake was nonreproducible in 32 of 33 patients (17). A well-
controlled PET study in healthy adults found no quantitative correlation between cold-
induced thermogenesis and the extent of 18F-FDG BAT uptake (14).

The increase of 18F-FDG uptake in stimulated BAT is most likely due to enhanced
glycolysis taking place during thermogenesis (7). Mitochondria are the generator of heat,
which is produced due to the uncoupling of oxidative phosphorylation from adenosine
triphosphate (ATP) synthesis (18-20). Enhanced glycolysis was suggested as a
compensatory mechanism to address the need for ATP (7). This is supported by the marked
increase of lactate efflux to the bloodstream, measured in rats exposed to cold (21). In other
words, 18F-FDG targets a metabolic process secondary to thermogenesis, and this may
explain the reported high variability and poor reproducibility of 18F-FDG PET/CT. These
data highlight the need for a noninvasive and direct approach that could allow detection and
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localization of BAT in the intact body in a more reliable and accurate manner than that
afforded by 18F-FDG.

In this study, we tested the hypothesis that targeting the mitochondria in a membrane
potential-dependent manner using the PET agent 4-18F-fluorobenzyltriphenyl phosphonium
(*8F-FBnTP) may afford an effective in vivo approach to detect metabolically active BAT
depots. Brown adipocytes have abundant mitochondria—the organelles responsible for the
heat production during thermogenesis—and 18F-FBnTP is expected to accumulate
extensively in BAT. We assayed 18F-FBnTP and 14C-FBnTP in rats under thermoneutral
and cold conditions and compared the results to those for 18F-FDG and 99™Tc-sestamibi.
The mechanistic link between 14C-FBnTP and thermogenesis was studied using the
noradrenergic inhibitor propranolol.

MATERIALS AND METHODS

Species and Materials

Male Lewis rats (~200 g in body weight) were purchased from Charles River. 18F-FBnTP
was prepared in our radiochemistry laboratory with a specific activity ranging from 111 to
185 GBq (3,000-5,000 mCi)/mmol, as described elsewhere (22). 14C-FBnTP was prepared
by International Isotopes Clearing House, Inc. 18F-FDG was purchased from PETNET
Solutions. 9°™Tc-sestamibi was purchased from Mallinckrodt. Propranolol was purchased
from Sigma.

Uptake Assays

Effect of Cold Stimulation on 14C-FBnTP, 18F-FDG, and 99MTc¢-Sestamibi
Uptake in BAT—Studies were performed according to protocol A, which is schematically
outlined in Figure 1A. Rats were kept in the cold (4 °C, n = 8) and at room temperature (22
°C, n = 8) for 4 h before a tail vein injection of a mixture of 14C-FBnTP (185 kBq [5

HCi]), 18F-FDG (7,400 kBq [200 uCi]), and ¥MTc-sestamibi (1,480 kBq [40 pCi]) in 0.2 mL
of saline. After a 60-min uptake period in the cold, interscapular BAT and selected organs
were harvested. 18F-FDG radioactivity was counted in a y-counter. 99Tc-sestamibi was
counted after 24 h in a y-counter. The tissue samples were then incubated in 1 mL of tissue
dissolver and placed on a hot plate (40 °C) for 72 h. H,O, (0.4 mL) was added; after 60 min,
10 mL of scintillation liquid were added, and 14C-FBnTP was counted in a f-counter. y and
{3 tissue radioactivity was counted along with standards (1:200). Tissue radioactivity was
expressed as the percentage of injected dose per gram of tissue per kilogram of body weight.

Effect of the Noradrenergic Antagonist Propranolol—For protocol B, outlined in
Figure 1B, propranolol (5 mg/kg, intraperitoneally) was administered 30 min before a 4-h
exposure to cold. The isotope mixture 14C-FBnTP and 18F-FDG was administered via a tail
vein, and tissue was harvested 60 min thereafter. Tissue radioactivity was measured as
described for protocol A.

Effect of Cold Stimulation on 18F-FBnTP Retention in BAT—For protocol C,
schematically outlined in Figure 1C, rats were administered 18F-FBnTP (7,400 kBq [200
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UCi]) via a tail vein. After a 60-min uptake period at room temperature, rats were placed in a
cold environment for 120 min. In a separate study, rats were placed in the cold environment
for 240 min before tissue harvesting. In each of the studies, tissue radioactivity in the cold
group was compared with 2 baseline groups, one maintained at room temperature for 60 min
and the other for a duration equal to that of the treated group (180 or 300 min). Tissue
radioactivity was measured as indicated for protocol A.

The Differential Effect of Cold on 14C-FBnTP, 18F-FDG, and 99MTc-Sestamibi Uptake in BAT

Figure 2 depicts 14C-FBnTP, 18F-FDG, and 99MTc-sestamibi biodistribution in cold-treated
rats and control rats maintained at room temperature. At room temperature, 14C-FBnTP
demonstrated intense uptake in BAT, to an extent similar to that in the heart and second only
to the kidney (Fig. 2A). 14C-FBnTP BAT uptake was nearly twice that of 99MTc-sestamibi
(Fig. 2C).

Exposure for 4 h to a cold environment resulted in a decrease of 14C-FBnTP and an increase
of 18F-FDG uptake in BAT (Fig. 2B). 14C-FBnTP BAT uptake declined by more than 80%
(from 0.34 + 0.07 to 0.049 + 0.045, P < 0.01), whereas 18F-FDG BAT uptake increased by
more than 8 times (from 0.73 = 0.51 to 5.94 + 1.30, P < 0.042), compared with control. Cold
stimulation did not affect 9°MTc-sestamibi uptake in BAT (room temperature, 0.18 + 0.079,
vs. cold, 0.2 £ 0.018, P> 0.72).

Interestingly, exposure to cold reduced 14C-FBnTP uptake and increased 18F-FDG uptake in
organs other than BAT, including the heart and kidney. However, in this small cohort of
animals, these changes were not statistically significant (P < 0.17). 14C-FBnTP uptake in the
liver was the least affected by cold stimulation.

Noradrenergic Mediation of Cold Effect on 14C-FBnTP and 18F-FDG Uptake in BAT

The mechanism responsible for the differential effect of cold on 14C-FBnTP and 18F-FDG
was investigated using the nonselective noradrenergic antagonist propranolol, according to
protocol B. Prior administration of propranolol significantly decreased the effect of cold
stimulation on both 14C-FBnTP and 18F-FDG (Fig. 3). 14C-FBnTP uptake increased by
more than 100% (from 0.24 + 0.073 to 0.57 + 0.022, P < 0.023) (Fig. 3A), compared with
nontreated rats exposed to cold, whereas 18F-FDG BAT uptake declined to levels observed
at room temperature (from 2.58 + 1.58 to 0.75 + 0.3, P < 0.043) (Fig. 3B).

Effect of Exposure to Cold on 18F-FBnTP Retention in BAT

The effect of cold treatment on 18F-FBnTP retention in BAT was investigated according to
protocol C, which entailed administration of 18F-FBnTP at room temperature and 60 min
later exposing the animals to either 120 or 240 min of cold. Results obtained in each cold-
treated group were compared with the control group, which was maintained at room
temperature before sacrifice for the same duration as the treated group (180 and 300

min). 18F-FBnTP retention in BAT at room temperature in the 180- and 300-min control
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group was compared with rats that were kept at room temperature for 60 min after 18F-
FBNTP administration.

Exposure to cold for 120 min resulted in a marked decrease (81%) of 18F-FBnTP uptake in
BAT, compared with rats maintained at room temperature for a similar post-administration
duration (180 min). 18F-FBnTP decreased from 0.36 + 0.03 in the room temperature control
group to 0.07 £ 0.03 in the cold-treated group (Fig. 3A). Increasing the duration of cold
stimulation to 240 min did not elicit an additive effect on 18F-FBnTP washout from BAT
(Fig. 3B). Similar uptakes of 18F-FBnTP into BAT were found in the room temperature 180-
min and 60-min groups (Fig. 4A; P > 0.34) and in the room temperature 300-min and 60-
min rats (Fig. 4B, P > 0.21). This finding indicates that at room temperature, 18F-FBnTP
reached a plateau in BAT within less than 60 min and that 18F-FBnTP maintained a steady-
state concentration in BAT for at least 300 min.

DISCUSSION

The major findings of the current study are that under thermoneutral conditions 18F-FBnTP
accumulates extensively in unstimulated BAT depots, whereas cold stimulation suppresses
the uptake and retention of 18F-FBnTP. The effect of cold is mediated by the noradrenergic
system. The extensive uptake and response to cold stimulation suggest that 18F-FBnTP
could be an effective biomarker for detecting and localizing BAT and could be a tool for
monitoring the thermogenic activity of BAT.

18F_FBNTP demonstrated extensive uptake in BAT—to an extent similar to that observed in
the heart. The heart is a major target organ of 18F-FBnTP, second only to the kidney, as
found in small and large animals (23,24). The strong accumulation of 18F-FBnTP in BAT is
most likely due to the highly dense population of mitochondria in brown adipocytes. In fact,
the brown color of the tissue is due to the abundance of mitochondria. In mitochondria-rich
myocytes isolated from dog heart, 18F-FBnTP concentration was more than 100 times
greater than in an equal volume of the extracellular medium (23). 18F-FBnTP is a
potentiometric probe; it accumulates in cells as a function of the membrane potential. The
electrical gradient across the mitochondrial membrane (A¥,) is much greater than that of
the plasma membrane (~180-240 mV vs. ~30-60 mV, respectively) (25). According to the
Nernst equation, every 60-mV difference results in a 10-fold increase of the potentiometric
probe uptake, which may lead to a more than 1,000 times greater concentration in
mitochondria than in the cytosol (26). This possibility is in line with previous observations
that selective dissipation of AUy, resulted in a more than 80% decrease in 18F-FBnTP
cellular uptake (24). Because the mitochondria are only a fraction of the total cellular
volume, 18F-FBnTP concentration is manyfold greater in mitochondria than in the cytosol. It
is not surprising that 18F-FBnTP accumulated extensively in BAT, where there is an
abundance of mitochondria. This finding suggests the suitability of 18F-FBnTP as a PET
biomarker to detect and localize, at high-resolution, unstimulated BAT depots in the body.

Three sets of studies were performed to explore the relationship between 18F-FBnTP and
BAT thermogenesis. First, the effect of cold stimulation was investigated. Prior exposure to
cold resulted in a marked decrease (~80%) of 14C-FBnTP uptake in BAT. The mitochondria
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are the heat generator in BAT, and the mechanism of heat production was studied in detail
(18,20,29). The uncoupler protein 1 (UCP1), a constituent of the mitochondrial inner
membrane, is the key mechanism of heat production in BAT (19,20).

Under thermoneutral conditions, the energy produced by the mitochondrial respiratory
chain’s electron transport is stored in the form of the electrochemical proton gradient and
used for the enzymatic activity of ATP synthase. Under cold conditions, most of the energy
produced by the mitochondrial respiratory chain is not used for ATP synthesis but is
dissipated as heat. The translation to heat is obtained by the fast translocation of protons
back to the mitochondrial matrix via UCP1 (18-20,27). A¥, is the voltage analog of UCP1
activity, and the proton leak mediated by UCP1 results in a proportional decrease of AU,
(18,26,27).

The intimate nexus between A¥,, and UCP1 provides the mechanism underlying the decline
in 18F-FBNTP cellular uptake induced by cold stimulation. 18F-FBnTP is a voltage sensor
whose cellular uptake is driven mainly by AW ,. Uptake assays in a malignant cell line have
shown that stepwise depolarization of membrane potential (by increasing extracellular
potassium concentration) resulted in a linear decrease of 18F-FBnTP cellular uptake with a
slope (a measure of the probe sensitivity) and coefficient of variance (a measure of the probe
accuracy) nearly identical to that of 3H-tetraphenylphosphonium (24), which is a common
and accurate method for the measurement of A, in vitro (26). Moreover, selective
dissipation of AV, induced by the protonophore carbonyl cyanide m-chlorophenyl
hydrazone (CCCP) resulted in a dose-dependent decrease of 18F-FBnTP cellular uptake
(24). CCCP collapses AV, by activation of UCP1 in a manner similar to that induced by
cold stimulation (20). Incubation of isolated brown adipocytes with the uncoupler carbonyl
cyanide p-(trifluoromethoxy)-phenylhydrazone (FCCP) resulted in a significant increase of
oxygen use, as compared with the coupled state (20). Increased oxygen use is typical of
thermogenesis and is due to uncoupling of oxidative phosphorylation and ATP synthesis (7).
These data highlight the unique advantage of 18F-FBnTP as a tool not only to detect
unstimulated BAT at high contrast but also to quantify the thermogenic activity, by direct
targeting of the core mechanism: UCP1.

Second, the effect of cold stimulation on 18F-FBnTP retention in BAT was investigated. In
this set of studies, 18F-FBnTP was introduced at room temperature, which eliminated any
possible intervention of cold-induced effects on blood flow and drug delivery (30). Exposure
to 120 min of cold resulted in a marked washout of 18F-FBnTP. This finding indicates

that 18F-FBNnTP cellular uptake in BAT is not only driven but also retained by A¥,. This
finding is supported by the prolonged retention of 18F-FBnTP in BAT observed in the
control groups at room temperature. Similar 18F-FBnTP BAT uptake was measured at 60,
180, and 300 min after administration. At room temperature, BAT is in coupled state and
AWC, is intact. Under this condition, 18F-FBnTP was retained in BAT for a prolonged
period (300 min). In contrast, cold stimulation activates UCP1-mediated proton leakage,
which leads to a decrease of 18F-FBnTP retention force: AU,,,. This explains 18F-FBnTP
washout from BAT on cold stimulation, as observed in the present study.
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Importantly, targeting AV, affords the unique potential advantage of realizing the dual
capacity of 18F-FBnTP to detect and localize BAT depots, as well as quantify the
thermogenic function, using a single dynamic PET scan. PET tracers that provide a positive
signal on BAT stimulation, such as increased uptake of 18F-FDG, require separate PET
scans at baseline and stimulated phases because of clearance from the vascular system. In
contrast, 18F-FBnTP is taken up extensively and retained for a prolonged period in
unstimulated BAT. Therefore, 18F-FBnTP BAT uptake at room temperature can serve as a
reliable baseline for detecting the effect of a change in environmental conditions taking
place during the same PET scan.

Comparison of duration of exposure to cold on 18F-FBnTP retention in BAT did not find an
additive effect of 240 min of cold, compared with 120 min of cold. This result may suggest
that a 120-min cold duration elicited maximal stimulation of BAT thermogenesis. This
assumption is in line with our previous observation that mitochondrial uncoupling using
varying doses of the protonophore CCCP resulted in a maximal decrease of 80% in 18F-
FBnTP cellular uptake (24). Recent dynamic PET studies in isolated perfused heart have
found maximal washout of 75% of 18F-FBNnTP distribution in the left ventricular wall as
induced by the uncoupler FCCP (Madar Igal, Ting Liu, Brian O’Rourke, unpublished data,
2010). In the experimental protocol adopted in the present study, a 120-min cold stimulation
induced a washout of 80%, compared with control, which is similar to the labile fraction

of 18F-FBNnTP available to efflux when maximal activation of UCP1 is achieved. As we
showed before, the remaining 18F-FBnTP cell-bound activity either is stored in the cytosol
(15%) or is nonspecific (5%) (24).

Third, prior administration of the adrenergic antagonist propranolol significantly reduced the
effect of cold stimulation on 14C-FBnTP. BAT is densely innervated by nor-adrenergic
nerve endings (20). B3-adrenergic agonists are potent inducers of BAT thermogenesis and
were shown to activate the proton carrier UCP1 (18,20,27). In the present study, the
noradrenergic inhibitor significantly decreased the suppressive effect of cold on 14C-FBnTP.
This finding further validates that changes in 14C-FBnTP uptake into stimulated BAT are
coupled to the thermogenic function.

Taken together, these data demonstrate the potentially unique role of 18F-FBnTP as a
noninvasive biomarker for the detection and localization of BAT depots, as well as for
quantifying UCP1 activity. UCP1 is the pivotal player in thermogenic function (27,28).
UCP1 is expressed exclusively in brown adipocytes (7). The centrality of UCP1 may be best
exemplified by the finding that no thermogenesis can be induced by norepinephrine in
brown adipocytes isolated from UCP1-ablated mice (19). The expression of UCP1 genes in
brown adipocytes is upregulated by cold stimulation (18,28,29). Mice lacking BAT or UCP1
are more susceptible to diet-induced obesity (31,32). Therefore, the capacity of 18F-FBnTP
to directly target the core mechanism of heat production equipped this imaging agent with
the unique capacity to monitor noninvasively the dynamics of thermogenic activity.

Recent studies have suggested that BAT is present and can be activated in a fraction of adult
humans and that total BAT activity is inversely associated with adiposity (11-14). Thus,
increasing BAT mass or activity may be a target for pharmacologic and nutritional
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interventions that modulate energy expenditure to treat obesity (33-36). In humans, it has
been estimated that as little as 50 g of BAT could use up to 20% of basal caloric needs if
maximally stimulated (37). It is tempting to assume that induction of thermogenesis may
afford a successful strategy to shift the balance in obese subjects from storing energy intake
in the form of white fat depots into energy expenditure in the form of heat. Extensive efforts
for biogenesis and stimulation of BAT depots are under way, and novel approaches are
currently under investigation, including inducers of brown adipogenesis (e.g., bone
morphogenetic protein 7, fibroblast growth factor 21, and growth differentiation factor 3)
(38-40).

The dual capacity of 18F-FBnTP to detect and localize unstimulated BAT at high contrast
and to report the kinetics of thermogenic function can provide information critical for
developing and assessing the efficacy of therapeutic approaches to antiobesity drugs. BAT is
an elastic structure that waxes and wanes in response to environmental temperature (7).
Drugs designed to increase BAT mass and mitochondrial population are expected to result in
a proportional increase in uptake of the mitochondria-targeting 18F-FBnTP. An alternative
therapeutic approach is drugs designed to improve and facilitate the thermogenic capacity of
BAT by elevating the expression of UCP1. The efficacy of such drugs can be quantified by
the rate of washout of 18F-FBnTP from BAT, which can be documented by dynamic PET.

Changes in 18F-FBNnTP uptake in non-BAT organs, such as the heart and kidney, were
observed in some of the experiments of the present research (Fig. 1) but not in others (Fig.
4). At this early stage of study, it may be premature to draw conclusions on the effect of cold
stimulation on mitochondrial uncoupling in organs other than BAT. Whole-body 8F-FBnTP
PET studies in larger groups of animals are required to further elucidate this important
aspect.

CONCLUSION

The intense uptake of 18F-FBnTP into BAT at thermoneutral conditions and the response to
cold stimulation suggest the unique potential advantage of 18F-FBnTP not only for detecting
unstimulated BAT at high contrast but also for quantifying mitochondrial thermogenic
activity. 18F-FBnTP PET may serve as a useful technique to assess BAT volume and
function.
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FIGURE 1.
Study protocols. (A) Effect of prior exposure to cold. Rats were placed in cold (4 °C)

environment for 4 h before tracer administration. Rats were replaced in cold for additional
60 min before sacrifice. Control rats underwent similar treatment, but without exposure to
cold. (B) Effect of propranolol. Propranolol (5 mg/kg) was administered intraperitoneally to
rats. After 30 min at room temperature (22 °C), rats were placed in cold environment for 4 h.
Radioactive tracers were then administered intravenously, and rats were put back in cold for
60 min before sacrifice. Control rats underwent same cold treatment, but without
propranolol administration. (C) Effect of cold on 18F-FBnTP retention in BAT. 18F-FBnTP
was administered at room temperature, and after 60 min, rats were placed in cold
environment for either 120 or 240 min before sacrifice. Control rats were kept at room
temperature and sacrificed at 60, 180, and 240 min after tracer administration. IP =
intraperitoneal; MIBI = sestamibi; PROP = propranolol; Sac = sacrifice.
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Effect of prior exposure to cold. Compared with rats kept at room temperature for entire
study, cold induced significant increase of 18F-FDG (A) and decrease of 14C-FBnTP (B)
uptake in BAT, whereas 99MTc-sestamibi uptake was not affected (C). There was also a
change in 14C-FBnTP activity in heart and kidneys. Gl = gastrointestinal; ID = injected
dose; RT = room temperature; WAT = white adipose tissue.
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FIGURE 3.
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Effect of propranolol. Prior administration of propranolol augmented 14C-FBnTP BAT
uptake (A) and diminished 18F-FDG BAT uptake (B) in rats exposed to cold, compared with
nontreated rats. Gl = gastrointestinal; 1D = injected dose; PROP = propranolol; WAT =

white adipose tissue.
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Effect of cold treatment on 18F-FBnTP retention in BAT. (A) Exposure for 120 min in cold
(RT60+COLD120) resulted in marked decrease of 18F-FBnTP uptake into BAT, compared
with 60-min (RT60) and 180-min (RT180) control groups maintained at room temperature.
(B) Prolongation of cold treatment to 240 min (RT60+COLD240) did not elicit additive

effect. Similar uptake is seen in room temperature control groups at 60-, 180-, and 300-min
post-treatment duration. ID = injected dose; RT = room temperature.
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