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Lack of Leptin Suppression in Response to Hypersecretion of Catecholamines 
in Pheochromocytoma Patients 

Antje B6ttner, Graeme Eisenhofer, David J. Torpy, Monika Ehrhart-Bornstein, Harry R. Keiser, 
George P. Chrousos, and Stefan R. Bornstein 

Leptin is a major regulator of body weight and energy balance and is subject to a variety of regulatory inputs. From several 
previous studies, catecholamines have been suggested to exert an inhibitory influence on leptin production in animals. In the 
present study, we analyzed leptin levels in relation to catecholamine hypersecretion in 27 human pheochromocytoma 
patients. A 10-fold increase in circulating norepinephrine (P < .0001) did not result in suppression of plasma leptin in the 
patients compared with normal controls (median and interquartile range, 4.3 ng/mL [2.4 to 6.8] v2.2 ng/mL [1.9 to 3.0] in men 
and 18.6 [12.3 to 27.0] v 11.4 [10.1 to 15.9] in women). Correlation analysis indicated a significant association of leptin with 
epinephrine in normal subjects (r = - .81,  P < .0001), but not in pheochromocytoma patients. Leptin was not related to 
norepinephrine in either group. In conclusion, our data suggest that a chronic elevation of catecholamines does not cause 
suppression of leptin secretion in patients with pheochromocytoma. This lack of effect may be attributable to the development 
of tolerance of adipose tissue leptin production to catecholamines. 
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T HE ADIPOSTATIC HORMONE LEPTIN plays a pivotal 
role in maintaining energy balance and body weight.1 The 

mechanisms that control leptin secretion in humans are incom- 
pletely understood, and various factors have been proposed to 
regulate leptin production independently of the adipose tissue 
mass. 2,3 

In animals, catecholamines and [3-agonists reduce ob mRNA 
expression and leptin secretion in vitro 4-6 and in vivo, 7 suggest- 
ing that the sympathetic nervous system exerts an inhibitory 
effect on leptin production. In humans, administration of 
[3-agonists has also been reported to reduce circulating leptin 
levels acutely. 8,9 However, whether endogenous catecholamines 
play a similar role in the regulation of leptin secretion in 
humans remains unclear. 

Therefore, the objective of the present study was to evaluate 
leptin levels in relation to catecholamine hypersecretion as 
occurs in pheochromocytoma, and thus to evaluate the role of 
chronically elevated circulating catecholamines in the regula- 
tion of leptin production in humans. 

SUBJECTS AND METHODS 

The subjects included 16 male and l l  female pheochromocytoma 
patients and 10 normal control subjects matched for sex, age, weight, 
and body mass index (BMI). In the pheochromocytoma patients, the 
mean age was 39.6 + 3.6 and 35.0 _+ 11.6 years for men and women, 
respectively. The mean BMI was 25.04 -+ 0.9 and 26.8 + 5.3 kg/m 2 for 

male and female patients, respectively. Eight male patients were 
receiving c~-blockers (phentolamine or prazosin). Ten healthy men (age, 
36.4 ± 3.3 years; BML 23.87 _+ 1.6 kg/m 2) and 10 healthy women 
(age, 32.6 -+ 8.4 years: BMI, 26.25 -+ 3.1 kg/m 2) served as controls. 
They were not taking any medication and were in good health as 
determined by a negative medical history and a normal physical 
examination. The study was approved by the Intramural Research 
Board. All subjects provided informed written consent for the study 
protocol. 
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Fig 1. Plasmacatecholamines 
and leptin in male (A, C) and 
female (B, D) pheochromocy- 
toma patients and control sub- 
jects. Horizontal lines indicate 
the median. Significance was cal- 
culated with the Mann-Whitney 
test: * * * P  < .0001; * *P  < .01. 

For blood collection, subjects were instructed to eat a light breakfast 
and were studied at approximately the same time in the morning. An 
indwelling intravenous cannula was implanted, and the subjects rested 
quietly for at least 15 minutes before blood sampling. Plasma catechol- 
amines were determined by Iiquid chromatography with electrochemi- 
cal detection after a batch alumina extraction as previously described in 
detail. 1° Leptin levels were determined using a commercially available 
leptin radioimmunoassay kit (DRG Instruments, Marburg, Germany). 
The assay sensitivity was 0.5 ng/mL and the intraassay and interassay 
coefficients of variation were 8.3% and 6.2%, respectively. 

Data were analyzed using the Mann-Whituey test and nonparametric 
correlation analysis (Spearman). Results are expressed as the medians 
and interquartile range. Unless stated otherwise, statistical significance 
was defined as a P level less than .05. 

RESULTS 

The plasma norepineplmne level was 10-fold higher in 
pheochromocytoma patients versus normal controls (P < .0001, 
n = 10). In contrast, circulating epinephrine was not dramati- 
cally increased in male patients, whereas female patients 
exhibited significantly elevated epinephrine levels. Compared 
with normal control subjects, leptin levels were not significantly 
changed in either male patients (4.3 ng/mL [2.4 to 6.8] v 2.2 
ng/mL [l.9 to 3.0]) or female patients (18.6 ng/mL [12.3 to 
27.0] v 11.4 ng/mL [10.1 to 15.9]) (Fig 1). Independently of the 
BMI, no differences were detectable between pheochromocy- 
toma patients treated with e~-blockers and untreated patients 
(5.3 ng/mL [2.7 to 6.1] v 3.2 ng/mL [2,4 to 8.6]). 

Leptin correlated strongly with the BMI and body weight in 
male and female pheochromocytoma patients (r = .66 and 
r = .65, respectively, P < .05) and healthy controls (r = .64, 
P < .05). In normal male controls, a significant negative 
correlation between leptin and epinephrine was determined 
(r = - .81 ,  P < .0001) (Fig 2), which remained after leptin 
levels were adjusted for the BMI. No such correlation was 

evident in pheochromocytoma patients, and there was no 
relation between norepinephrine and leptin in any group. 

In all comparative and correlation analyses, adjustment of 
leptin for the BMI did not affect the results presented, 

DISCUSSION 

Overt hypersecretion of catecholamines did not result in 
suppression of circulating leptin levels in human pheochromo- 
cytoma patients, who presented with plasma leptin levels 
similar to those reported elsewhere for normal lean human 
subjects, u This is in contrast to what might be expected from 
previous studies proposing the presence of a negative feedback 
loop by which catecholamines inhibit leptin production.t2 

This concept mainly derives from animal studies, which may, 
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Fig 2. Association between leptin and epinephrine in normal 
healthy subjects. The correlation was determined by nonparametric 
correlation analysis (Spearman). * * * P  < .0001. 



LEPTIN LEVELS IN PHEOCHROMOCYTOMA PATIENTS 545 

however, not accurately reflect the s~tuation in vivo in human 
subjects. In this regard, differences in body fat distribution, as 
well as the varying physiological importance of adrenergic 
receptors in the regulation of adipose tissue function according 
to species, sex, and anatomic location of fat deposits, must be 
considered. 13 

Studies investigating the impact of catecholamines on leptin 
regulation in humans are scarce and have not yet presented 
conclusive evidence. Contrary to our results, there is a recent 
report describing low leptin in a 72-year-old patient with 
pheochromocytoma, which increased after curative surgery. 14 In 
normal human subjects, plasma leptin was observed to decline 
rapidly in response to infusion of [3-agonists. 8'9 In contrast, a 
state of experimentally decreased norepinephrine did not induce 
significant alterations in leptin production in another study.15 

Most previous studies investigated the impact of short-term 
administrataon of norepinephrine or [3-agonists on leptin produc- 
tion, and have not considered the effect of sustained hypercat- 
echolaminemia. The lack of leptin suppression in states of 
chronically elevated catecholamines, as shown in our patients, 
may well be attributable to the downregulation of functional 
adrenergic receptors. Supporting this contention, in a recent 
study, long-term stimulation with norepinephrine resulted in a 
complete desensitization of the [3-adrenergic response in adipo- 
cytes from a patient with pheochromocytoma and in a human 
adipocyte cell l ine? 6 However, the absence of an effect of 
hypercatecholaminemia may not generalize to a lack of effect of 
catecholamines on leptin production, since the transmitter 

concentration in the synaptic cleft could be much higher than 

the plasma levels measured. As expected, and consistent with 

the well-established fact that leptin is most highly correlated 

with parameters of body fat, the association between leptin and 

the BMI was preserved in the pheochromocytoma patients. 

However, this does not generally exclude additional regulatory 

influences that account for the variation in leptin levels in 

human subjects. 

Whereas the effect of norepinephrine and specific [3-adrener- 

gic agonists on leptin production has been repeatedly studied, 
the role of epinephrine in this regulatory process is not 

documented. The two major catecholamines are known to 
operate differentially to regulate several metabolic functions on 

the basis of their distinct affinity for adrenergic receptors and 
the local distribution of receptor subtypes in the tissue. 17 The 

inhibitory effect of catecholamines on leptin production has 

been shown to be mediated via [33 receptors, Is which are 

supposedly more sensitive to epinephrine than norepineph- 

fine.19 In accordance with this concept, our results indicate that 

in normal men, epinep~ine  displays a significant negative 

correlation with leptin, whereas norepinephrine does not. 

In summary, despite a marked oversecretion of norepineph- 

fine, circulating leptin levels were not suppressed in human 
pheochromocytoma patients. This suggests that leptin is not 

under inhibitory adrenergic control in humans with chronic 
hypercatecholaminemia. Downregulation of adipose tissue ad- 

renergic receptors may explain this phenomenon. 
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