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Introduction

Leptin is the product of theb gene in mice and has been
cloned in humans (Zhanet al, 1994). The gene is expressed
in white fat cells, and its role has been described as a fat
‘reporter’ (Wurtman, 1996). Leptin concentrations are low in
women suffering from hypothalamic amenorrhoea (Laughlin

Endocrinology, 630 West 168th Street, New York, NY, 10032, USA and Yen, 1997) and anorexia nervosa (Naiail, 1997), and

Leptin has been called a hormone of reproduction, and
seems to link fat and fertility. It has been speculated that
the neurotransmitter norepinephrine (NE) (noradrenaline),
possibly via the sympathetic nervous system, may represent
the afferent signal which modulates leptin release from
adipocytes. The purpose of this study was to produce
a state of decreased sympathetic output by using the
catecholamine synthesis inhibitor alpha-methyl-para-tyro-
sine (AMPT), in order to study the effect of this compound
on the secretion of leptin from fat cells. Ten subjects (five
women and five men) received a total of 5¢ 1 g doses of
AMPT or 5 x 50 mg promethazine (active placebo) over
a 26 h period, separated by 4-6 weeks using a randomized,
double-blind, placebo-controlled, cross-over design. Blood
samples for hormone measurements were obtained over
24 h (18 time points) on day 2 of each experiment.
Urinary measurement of the NE metabolite 3-methoxy-4-
hydroxyphenylglycol (MHPG) on study day 2 served as a
marker of the effectiveness of AMPT as an inhibitor of NE
synthesis. The daily excretion of this metabolite decreased
from 1.56 = 0.22 mg in the placebo experiment to
0.53 = 0.1 mg in the active experiment P < 0.05). Plasma
leptin concentrations measured in the control group in
women and men were similar to those reported previously
in lean subjects with a body mass index< 27.5 kg/n?.
Leptin concentrations in women were 3-fold higher than
in men. Leptin is secreted in a circadian rhythm in both
sexes with an increase of nocturnal concentrations by
~50%. Two-way analysis of variance reveals no significant
difference in leptin secretion between the control and active
groups in women and men. In summary, preliminary results
do not support the hypothesis that NE represents the
afferent signal from the central nervous system which
modulates leptin release from adipocytes in the human.
Further studies are needed to define the role of the sympath-
etic nervous system as well as NE in the regulation of leptin
secretion and its involvement in obesity and reproduction.
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are elevated in patients suffering from obesity (Ostlehdl.,
1996), a condition associated with infertility and in a subgroup
of women diagnosed with polycystic ovary syndrome (Carmina
et al, 1997). Based on these associations leptin has been
called a hormone of reproduction, and seems to link fat and
fertility (Conway and Jacobs, 1997).

To understand the physiology and pathophysiology of leptin
it is important to study the regulation of leptin production and
secretion from adipocytes. It is known that expression of the
ob gene in white fat cells is stimulated by insulin (Gettys
et al, 1996) and glucocorticoids (Wabitsobt al., 1996),
whereas its production and secretion are decreased by norepi-
nephrine (NE) (noradrenaline) afij agonists (Getty®t al.,
1996). Reduced sympathetic activity predisposes to body
weight gain and obesity (Bray, 1991), which are associated
with increased blood leptin concentrations and at times with
infertility (Gettyset al, 1996). It has been speculated that the
neurotransmitter NE, possibly via the sympathetic nervous
system, may represent the afferent signal from the central
nervous system which modulates leptin release from adipocytes
(Gettys et al, 1996). The purpose of this study was to
produce a state of decreased sympathetic output by using the
catecholamine synthesis inhibitor alpha-methyl-para-tyrosine
(AMPT), which blocks the production of NE (Zimmermann
et al, 1994), and to study the effect of this compound on the
secretion of leptin from fat cells. Based on the present
knowledge available, we postulated that AMPT would stimu-
late leptin release from fat cells due to its effect of blocking
NE production.

Materials and methods

Subjects

The study was reviewed and approved by the Institutional Review
Board. Ten healthy subjects, five women and five men, participated
in the study. Their mean age-GE) was 25:1.5 years and 242.0
years respectively. Body weights wereZ620 kg in females and
73+4.0 kg in males. The body mass index (BMI, kdjmwas
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22.3+0.8 for women and 24:50.9 for men. All subjects were free @) 4,
of medical and psychiatric illness, based on a detailed physical

examination, semistructured psychiatric interview using the 351

Diagnostic and Statistical Manual of Mental Disordef&merican 30 4

Psychiatric Association, 1987) and routine screening tests of blood

and urine. The women reported normal menstrual cycles of 27-32 257

days duration. None of the subjects had taken any medication g 20 4

during the 4 weeks prior to the study, including non-steroidal anti- <

inflammatory drugs. All subjects gave voluntary written informed 8 151

consent to participate in the study. - 104

Study design 5

The study used a randomized, placebo-controlled, double-blind, cross- ——— T T—T—T—T
over design with active and sham tests separated by 4 weeks. In 081012 1416 18 2021 22 23 24 01 02 03 04 05 06 08

women, both tests were performed on day 3—7 of the menstrual cycle.

Each subject received a standardized diet as described previously)
over the 48 h observation period (Zimmermaetral, 1994). A total 40T
of five doses b1 g of AMPT or five doses of 50 mg of promethazine

(active placebo) was given to each subject at the following time
points: day 1 at 08:00 h, 12:00 h, 18:00 h, and day 2 at 08:00 h and 304
12:00 h. To maintain the double-blind design, an active rather than

Time of day or night (24h clock)

an inactive placebo was chosen. Promethazine causes drowsiness,. 25T
which is also a common side effect of AMPT, and this helped to £ 04
maintain the double-blind design. Promethazine is an H1 antagonist E’

(Pontiroli et al, 1981), and its mechanism of action is unlikely to § 5T

alter leptin secretion. To validate this assumption 24 h leptin secretion 104
was measured in a subset of four subjects (two women and two men)
while on no medication, and no significant difference was detected 5 "M
when compared with patients taking promethazine (Figure 1a and b).
As promethazine did not alter leptin secretion its use as a placebo 08 1012 14 16 18 2021 22 23 24 01 02 03 04 05 06 08
was considered appropriate. Time of day or night (24h clock)

The subjects were admitted to the Clinical Research Center at
07:30 h on study day 1. Urine was collected at 12 h intervals over &igure 1. Mean (+SE) leptin concentrations ira) two female
48 h period starting at 08:00 h on day 1 and urinary 3-methoxy-4-Subjects andk) two male subjects on no medicatiod) or taking
hydroxyphenylglycol (MHPG), which reflects NE secretion, was promethazine ).
measured on study day 2. At 07:30 h on study day 2, an i.v. cannula
with a heparin lock was placed into an antecubital or forearm vein
for blood sampling. Blood samples (5 ml) were drawn at the following Data analysis
time points: 08:00 h, 10:00 h, 12:00 h, 14:00 h, 16:00 h, 18:00 h,
20:00 h, 21:00 h, 22:00 h, 23:00 h 24:00 h, 01:00 h, 02:00 h, 03:00 HVean leptin and MHPG concentrations were calculated by averaging
04:00 h, 05:00 h, 06:00 h and 08:00 h. From 18:00 h onwards théhe values from all blood or urine samples for each time point or
subjects stayed in a room until 08:00 h the following morning totime period obtained from all s.ubjects yvithin each cond?tion (active
control for light exposure, which was kept below 200 lux. The Versus sham). Two-way analysis of variance (ANQVA) with repeated
subjects were asked to stay awake until 23:00 h (verified by nursin§€asurements was used to evaluate the interaction between test day
observation), and asked to go to sleep at 23:00 h, at which time thECtive versus sham) and time using the Greenhouse-Geisser (GG)
light was turned off; they were awakened at 07:00 h the followingCorrection procedure, and post-hoc pairetésts were performed
morning. Normal sleep patterns were verified by EEG monitoringWhen appropriate. To demonstrate diurnal variations a one-way
Vital signs including blood pressure, pulse and temperature wer@&NOVA was performed using the GG correction procedure and post-
monitored three times per day at 08:00 h, 14:00 h and 18:00 h. Thefd0C pairedt-tests were performed when appropriate. Differences in
were no differences between the two study periods regarding vitd/!HPG excretion were analysed by pairetest. Statview (Abacus
signs. As AMPT can cause crystal formation in the urine all subjectSOncepts Inc., CA, USA) and SuperANOVA (Abacus Concepts)
were asked to drink at least 2 | of fluid per 24 h period, and thecomputer_ programs were used to perform data analysis and graphic
collected urine was strained for crystals. No crystal formation wad’résentation.
detected in the urine of any of the subjects studied.

Assays Results

Leptin was measured using radioimmunoassay (Linco Researchqfluence of AMPT on MHPG excretion
St Charles, MO, USA) as described previously (Laughlin and Yen,

1997). The intra- and interassay coefficients of variation were 3_70/9/Ieas_urement of urinary MHPG_ s_erved as a mark_er of j[he
and 10.4%, respectively. effectiveness of AMPT as an inhibitor of NE synthesis. Daily

Analysis of MHPG was based on quantification of the nativel\/”'uj(.3 excretion decreased from 1156-_22 mg in t_he placebo
fluorescence of the molecule after its isolation by liquid chromato-experiment to 0.5830.1 mg in the active experimenP (<
graphy (Moyeret al, 1982). 0.01) on study day 2.
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Leptin concentrations increased from ~2.5 ng/ml at 10:00 h to
~3.5 ng/ml at 16:00 h; this was maintained until 04:00 h and
then fell to 2.5 ng/ml at 08:00 h the following morning (Figure
2b; one-way ANOVA:F = 5.1, P < 0.01; GG = 0.021)
with leptin concentrations at the following time points being
different from those at 08:00 h on study day 2: 16:00 h, 18:00
h, 22:00 h, 23:00 h, 24:00 h, 01:00 h, 02:00 h, 03:00 h. Although

g throughout the AMPT experiment leptin concentrations were
£ typically ~1-1.5 ng/ml higher than in control subjects (the
'g:% s circadian rhythm being similar in both groups), two-way
- ANOVA revealed this inter-group difference not to be statistic-
&8 T ally significant £ = 1.16, d.f.= 17,68,P > 0.05; GG= 0.36).
° 0810 12 14 16 18 20 21 22 23 24 01 02 03 04 05 06 08 Comparison of women with men
Time of day or night (24h clock) Comparison of leptin secretion between men and women
after promethazine or AMPT treatment revealed significant
b) differences P < 0.05) for all time points studied (prometha-
25 T zine:F = 3.7; P < 0.01; GG= 0.05; AMPT:F = 3.8,P <
22,5+ 0.01, GG= 0.05).
20 T
7.5 Discussion
5T Plasma leptin concentrations measured in the control group of
12.5 T women and men in this study were similar to those reported
RLE previously in lean subjects with a BMK 27.5 (Ostlund
2 754 et al, 1996). In agreement with previous studies, leptin
g 5 4 concentrations in women were 3-fold higher than in men
3 (Ostlundet al, 1996). Leptin is secreted in a circadian rhythm
257 in men and women with an increase of nocturnal concentrations

07— T 77T T T T T T T T T T T 11 by ~50%, similar to the results of Sintet al. (1996) and
08101214 161820 21222324 01020304 050608 ) aughlin and Yen (1997). As the results reported for the
Time of day o night (24h clock) control group agree well with data reported in the literature,

Figure 2. Mean (= SE) leptin concentrations ir) five female as well as from our preliminary data (Figure 1), it can be
subjects andh) five male subjects on active placelio)(or taking concluded that the promethazine group served as a valid control.
AMPT (). As expected, AMPT induced a significant reduction in

excretion of MHPG (Engelmamet al, 1968). Based on the
results of in-vitro experiments which showed that NE reduces
leptin release from isolated rat adipocytes (Ge#tlyal., 1996),
Women and that propranolol partially reverses the inhibitory effect of
During day 2 of the control experiment (promethazine placebo)yg on leptin production at the level of MRNA (Kosad al,
leptin secretion showed the typical circadian secretion patterigoe), we expected that the AMPT-induced decrease in NE
in the five women studied, as described by Laughlin and YeRyoyid induce an increase in leptin secretion. We were surprised
(1997). Mean blood concentrations of leptin increased fromq getect no change in leptin secretion by men or women
11 ng/ml at 08:00 h to 14 ng/ml at 14:00 h, and to 16 ng alexposed to AMPT. One might speculate that the AMPT-
18:00 h. This concentration was maintained until 04:00 h anghquced reduction of NE in the synapse was insufficient to
then fell to 11 ng/ml at 08:00 h the following morning (Figure jnduce postsynaptic changes related to the functioning of
2a; one-way ANOVA: d.f=17,F = 7.29;P < 0.01; GG=  gceptors which are regulated by NE. Therefore, the question
0.013) with leptin concentrations at the following time points h3s to be asked whether the AMPT-induced decrease in NE
being different from those at 08:00 h on study day 2: 143()%roduction is biologically relevant with respect to leptin. We
h, 16:00 h, 18:00 h, 20:00 h, 21:00 h, 22:00 h, 23:00 h, 24:0Q:ave shown previously, using the same paradigm and a similar
h, 01:00 h, 02:00 h, 03:00 h and 04:00 h. During the AMPTset of patients (eight subjects participated in both studies), that
experiment leptin concentrations were similar to those of theyx\vpT reduces nocturnal melatonin secretion to daytime values
control experiment. Two-way ANOVA revealed no significant (Zimmermanret al, 1996). Melatonin production is regulated
difference in leptin secretion between the control and activq,y noradrenergic neurons in the sympathetic superior cervical
groups £ = 1.6; d.f. = 17,68;P > 0.05; GG= 0.25). ganglion via postsynaptiB-adrenergic receptors in the pineal
Men gland (Moore, 1978). Therefore, the lowering of melatonin
During the control experiment (promethazine) on study day 2secretion by AMPT is indirect evidence that the presynaptic
leptin secretion showed the typical circadian secretion patterNE output of the sympathetic nervous system at the level of
in the five men studied as described by Simdtaal. (1996). the pineal gland can be decreased to a level which does not
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allow stimulation of the B-adrenergic receptor to induce Ostlund,RE., Yang, J.W. Klein, S. and Gingerich, R. (1996) Relation between
ducti d . f this h plasma leptin concentration and body fat, gender, diet, age, and metabolic
production and secretion of this hormone. covariatesJ. Clin. Endocrinol. Metah 81, 3909-3913.

The feasibility of the use of AMPT as a pharmacological piosker, S.M., Rabinovici, J., Montalvos, M. and Jaffe, R.B. (1995) Endogenous
clamp of catecholamine activity was confirmed by others catecholamines suppress thyrotropin secretion during the early follicular

- - phase of the menstrual cycl&. Clin. Endocrinol. Metah 80, 2530-2533.
(Ploskeret al, 1995). Based on these observations it can b%’ontiroli, A.E., De Castro, E., Silva, At al. (1981) The effect of histamine,

concluded that AMPT can induce consistently a biologically Hi and H2 receptors on prolactin and luteinizing hormone release in
significant decrease in catecholamine production and release humans: sex differences and the role of str@s€lin. Endocrinol. Metah
Thus, the results of our study make it unlikely that a state of 5% 924-928.

d d trati f NE lter lepti ducti ainha, M.K., Ohannesian, J.P., Heiman, Mdt.al. (1996) Nocturnal rise of
ecreasea concentration o can alter leptin proaucton an leptin in lean, obese, and non-insulin-dependent diabetes mellitus subjects.

secretion from adipocytes in humans in a significant way. This J. Clin. Invest, 97, 1344-1347.
might be clinically relevant for obese patients as it has beeMabitsch, M., Jensen, P.B., Blum, W.t al. (1996) Insulin and cortisol

: . . promote leptin production in cultured human fat celBiabetes 45,
shown that leptin plasma concentrations in men and women ;5" 172"

with a BMI > 27.5 are at least twice those in subjects with awyrtman, R.J. (1996) What is leptin for, and does it act on the brist@re
BMI < 27.5. Even though we did not study obese patients, Med, 2, 492-493. _ N _
our results suggest that the increase in leptin secretion in th@hang, Y., Proenca, R., Maffei, Met al. (1994) Positional cloning of the

ight tb d b d d trati mouseobesegene and its human homologueature 372 425-432.
group might not be cause y a decreased concentration grmmermann, R.C., Krahn, L., Klee, @t al. (1994) Inhibition of presynaptic

NE at the level of the synapse that innervates fat cells. It iS catecholamine synthesis with alpha-methyl-para-tyrosine ~ attenuates
more likely that the increased concentrations of leptin are nocturnal melatonin secretion in humads.Clin. Endocrinol. Metab 79,

: 1110-1114.
attributed to the greater mass of fat cells. In summary, th immermann, R.C., Krahn, L., Klee, @t al. (1996) The effect of gender on

preliminary results of this study do not support the hypothesis aipha-methyl-para-tyrosine-induced changes on 6-hydroxymelatonin sulfate
by Gettyset al. (1996) that NE represents the afferent signal excretion and prolactin secretioRsychoneuroendocrinologgl, 469-478.

from the central nervous system wh|ch_modulates leptin releqsfgeceived on June 24, 1997; accepted on January 15, 1998
from human adipocytes. Further studies are needed to define

the role played by the sympathetic nervous system and NE in

the regulation of leptin secretion and its involvement in obesity

and reproduction.
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