SCIENTIFIC CORRESPONDENCE

Role of leptin in
fat regulation

SIR — Leptin  administration reduces
body weight and adipose tissue mass.
However, the weight loss observed cannot
be completely attributed to decreased
food intake'™. In rodents, brown adipose
tissue is the primary thermogenic organ,
and it has become increasingly clear that
brown adipose tissue is significant in
regulating body composition. Brown
adipose tissue can be activated by acclim-
ation to cold temperatures and by
excess food intake. These effects appear
to be mediated through noradrenergic
stimulation*®. Indeed, early studies
demonstrated defective thermogenesis in
genetically obese (ob/ob) and diabetic
(db/db) mice™.

Recently, we have shown that leptin
seems to be a sensor of adipocyte mass,
and that treatment with a thermogenic
Bs-adrenergic receptor agonist reduces
both adipose tissue mass and leptin
expression’. Therefore, we hypothesized
that leptin’s role in regulating fat mass
might include signalling the sympathetic
nervous system to increase thermogenesis
and energy expenditure in brown adipose
tissue as fat mass increases. In this case,
white adipose tissue mass would be regul-
ated by brown adipose tissue activity

through leptin-stimulated sympathetic
outflow.
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FIG. 1 Effect of leptin on the rate of noradren-
aline depletion in brown and white adipose
tissue depots after synthesis inhibition with
AMPT. Groups of 12 mice were injected
i.p. with either 100 pl phosphate-buffered
saline (PBS; red columns) or 100 wl PBS con-
taining 40 pg recombinant leptin (blue
columns). Data shown are the average of two
independent experiments. Per cent depletion
was calculated relative to the time O value.
Results are expressed as mean + s.e.m. for
each group. Results were analysed by 3-way
ANOVA (fat pad X treatment x time), followed
by a 2-way ANOVA on specific fat pads (treat-
ment X time) and post-hoc Fisher’s protected
LSD using SuperANOVA; n=12 mice per
group. Asterisk indicates P<0.04.
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We determined sympathetic outflow
by assessing noradrenaline turnover after
blockade of catecholamine synthesis with
the tyrosine hydroxylase inhibitor o-
methyl-p-tyrosine (AMPT)'*"%. Twenty-
four female C57BL/6J (ob/ob) mice at
5-6 weeks of age were given either 40 pg
recombinant murine leptin prepared as
described® or saline by intraperitoneal
injection 2 hours after the start of the
dark cycle (lights off at 1600 h). The mice
were fasted for the 12 hours of the light
cycle before the experiment, and then
each received a weighed amount of
mouse chow. Food intake was measured
for 2 hours after leptin or saline admin-
istration. Animals were then given an
intraperitoneal injection of AMPT (250
mg per kg body weight). Half the animals
(12 per treatment group) were Kkilled
immediately and the second half 4 hours
later. These time points were based
on previous studies establishing the
linearity of the fall in noradrenaline
content in murine tissues after inhib-
ition of synthesis'>.  Interscapular
brown and retroperitoneal white adipose
tissue was collected for catecholamine

analysis.
Leptin administration resulted in a
selective increase in noradrenaline

turnover to interscapular brown adipose
tissue, but did not significantly affect
noradrenaline turnover in retroperitoneal
white adipose tissue (Fig. 1). There were
no differences in food intake between the
groups during the 2-hour period after lep-
tin injection (Fig. 2). This effect of leptin
on noradrenaline release is consistent
with our hypothesis that thermogenesis in
brown adipose tissue may be an important
mechanism by which leptin regulates body
composition, and could be responsible for
the increased metabolic rate and core
temperature reported after chronic leptin
administration'=,

Indeed, it is possible that the develop-
ment of obesity in a transgenic mouse
with decreased brown adipose tissue,
described by Lowell and colleagues’, may
be related to the inability of leptin to
signal thermogenesis in this system.
Because many forms of obesity have
been associated with increased leptin lev-
els""5, it has been argued that ‘leptin
resistance’ may be involved in obesity
syndromes. Another possibility is that
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FIG. 2 Food intake in the 2-h period after
i.p. injection of leptin or PBS vehicle.
The effects of leptin administration are
compared with those of vehicle (PBS). Food
intake was measured for individual mice
during the 2-h treatment period before AMPT
injection and analysis of catecholamine
levels. Data shown are mean * s.e.m. for
each group.

some obesity results from the failure of
brown adipocytes to respond appro-
priately to leptin-induced sympathetic
activity. In at least one model of diet-
induced obesity, brown adipocytes failed
to respond adequately to sympathetic
stimuli'®.

In summary, we detected increased
sympathetic outflow in response to leptin
without changes in food intake during
a 2-hour treatment period. Therefore,
enhanced energy utilization as well as
decreased food intake together may
account for the weight-reducing effects of
leptin.
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