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Abstract
Background—Recombinant human leptin (r-metHuLeptin) has demonstrated efficacy in
improving hormonal and metabolic parameters in leptin-deficient states, and it has been suggested
that leptin replacement may reverse metabolic adaptations during weight loss iterventions.
Pharmacokinetics of subcutaneously administered r-metHuLeptin have been recently published, but
whether pharmacokinetic parameters are altered by short-term fasting, adiposity, and/or gender has
not yet been evaluated. We sought to characterize pharmacokinetic parameters following
subcutaneous r-metHuLeptin administration at a range of physiologic to pharmacologic doses in the
fed state and during 3-day complete fasting in lean and obese individuals, including men and women.

Methods—We analyzed pharmacokinetic profiles in 5 lean men, 5 obese men, and 5 lean women
following subcutaneous administration of physiologic (0.01 mg/kg), supraphysiologic (0.1 mg/kg),
and pharmacologic (0.3 mg/kg) doses of r-metHuLeptin given once in the fed state and once daily
during 3-day complete caloric deprivation (fasting).

Results—With r-metHuLeptin administration at 0.01 mg/kg, leptin levels ranged up to ~7 ng/ml
in lean men, ~20 ng/ml in obese men, and ~30 ng/ml in lean women. There was a significant effect
of 3-day fasting to decrease baseline leptin levels, maximal concentration (Cmax), and area under the
curve (AUC) (all P<0.0001) and to increase clearance (P<0.001), most prominently in lean men
(P<0.0001 across groups). Administration of r-metHuLeptin at 0.1 mg/kg resulted in leptin levels
up to ~70 ng/ml in lean men, ~100 ng/ml in obese men, and ~150 ng/ml in lean women. At this dose,
there was a similar effect of fasting on the above parameters as well as a decrease in half-life
(P=0.02), consistent with increased clearance, but the effect of fasting was overall less pronounced
compared with the 0.01 mg/kg dose. With r-metHuLeptin administration at 0.3 mg/kg, leptin levels
ranged up to ~150 ng/ml in lean men, ~300 ng/ml in obese men, and ~400 ng/ml in lean women. At
this dose, fasting increased clearance to a lesser degree (P=0.046), mainly in lean men, suggesting
that the fasting-induced increase in leptin clearance by the kidneys can plateau. Within each group,
subjects lost ~3–4 kg of body weight after 3 days of fasting (all P<0.0001), but the amount and time
course of weight loss did not differ according to the dose of r-metHuLeptin administered or
circulating leptin levels achieved.

Conclusions—Short-term fasting in healthy individuals results in increased clearance of leptin;
this contributes to hypoleptinemia, which may serve as a signal to increase energy intake in the setting
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of caloric restriction. Obese individuals with greater energy stores at baseline have a blunted response
to the fasting-induced increase in leptin clearance. Also, women have a differential response to fasting
with primarily decreased leptin production rather than increased clearance. These findings and the
resulting formulas for calculating doses for r-metHuLeptin administration have important
implications for the future therapeutic use of r-metHuLeptin in conjunction with hypocaloric diets
for the treatment of obesity.
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BACKGROUND
The adipocyte-secreted hormone leptin[1] has demonstrated therapeutic efficacy in several
disease states associated with leptin deficiency, ranging from absolute congenital leptin
deficiency[2] to acquired relative leptin deficiency. The latter includes individuals with
congenital and acquired severe lipodystrophy,[3] HIV-associated lipodystrophy,[4] and
hypothalamic amenorrhea,[5] who have metabolic and/or neuroendocrine abnormalities
associated with low leptin levels. In contrast, recombinant methionyl human leptin (r-
metHuLeptin) administration for 24 weeks to obese, leptin-resistant individuals studied in the
fed state had modest effects to induce weight loss in a dose-dependent manner (up to 5.8 kg
placebo-corrected at the highest dose of 0.3 mg/kg).[6] A different formulation of leptin
(pegylated human recombinant leptin) administered for almost 6 weeks to overweight men
during a very low calorie diet also resulted in weight loss (2.8 kg placebo-corrected) and
reduced appetite compared to placebo.[7] Recently, administration of leptin in combination
with pramlintide (a human analog of amylin) for 24 weeks in overweight and obese subjects
resulted in greater weight loss (12.7%) compared to pramlintide alone (8.4%)
(www.amylin.com).

Compensatory neuroendocrine changes may limit the efficacy of weight loss attempts and
contribute to the high rate of recidivism and weight regain in the management of obesity. Since
leptin plays a key role in mediating the adaptation to starvation,[8] r-metHuLeptin has been
administered to obese individuals after 10% reduced body weight in a recent uncontrolled study
of sequential design and found to reverse changes in thyroid hormone levels, energy
expenditure, and sympathetic nervous system tone.[9] Whether r-metHuLeptin has greater and/
or more sustained effects on weight loss in conjunction with more stringent and/or long-term
hypocaloric diets for the treatment of obesity has not yet been evaluated in a controlled fashion,
but if leptin ameliorates neuroendocrine and metabolic adaptations associated with weight loss,
leptin replacement during caloric restriction may be advantageous in achieving and sustaining
weight loss.

Thus, knowledge of how r-metHuLeptin pharmacokinetics may be influenced by energy
deficiency is of critical importance for the potential future therapeutic use of r-metHuLeptin.
We previously published pharmacokinetic data based on intravenous administration of r-
metHuLeptin,[10] and more recently based on subcutaneous (s.c.) administration.[11] We have
demonstrated in our prior study involving r-metHuLeptin administration to lean men during
short-term starvation[8] that higher doses of r-metHuLeptin were necessary to achieve
replacement levels in the fasting condition than that predicted by formulas based on non-fasting
conditions. However, the effect of short-term complete caloric restriction on r-metHuLeptin
pharmacokinetics has not yet been systematically evaluated in different populations (lean vs.
obese subjects, men vs. women) to determine whether dosing needs to be adjusted in the fasting
vs. fed condition. Thus, we conducted a pharmacokinetic study using subcutaneous r-
metHuLeptin at doses ranging from physiologic to supra-physiologic to pharmacologic in lean
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and obese individuals, including men and women, who were studied in the fed state and as
well as during 72-hour fasting conditions.

METHODS
Human Subjects

Five healthy normal-weight men with body mass index (BMI) < 25 kg/m2, five obese otherwise
healthy men with BMI > 30 kg/m2, and five lean healthy women with BMI < 25 kg/m2 were
admitted to the General Clinical Research Center (GCRC) at the Beth Israel Deaconess Medical
Center (BIDMC) for separate 3-day fasting and 1-day fed studies with administration of r-
metHuLeptin at three different doses (0.01 mg/kg, 0.1 mg/kg, 0.3 mg/kg). All subjects
participated in 3 studies in the fed condition (Part A) and 3 separate 72-hour fasting studies
(Part B). This study was approved by the BIDMC Institutional Review Board. Written informed
consent was obtained from subjects. Clinical quality r-metHuLeptin was supplied by Amgen,
Inc. (Thousand Oaks, California) and administered under an Investigational New Drug
application submitted to the Food and Drug Administration. Subjects were counseled to keep
their dietary habits stable over the course of the study and were contacted several days before
each admission as a reminder to keep their diet and activity stable during the days preceding
the admission. During each study, subjects were not allowed to exercise strenuously but could
move freely within their room. The rooms were generally maintained at typical room
temperatures but not specifically thermoregulated across all admissions. For lean men and
obese men, fed studies were scheduled after all fasting studies had been completed. For lean
women, the first day of each study was scheduled during the early follicular phase of their
menstrual cycle. Given this constraint, fed admissions for lean women were scheduled either
between or after the fasting studies.

Part A: Subcutaneous administration of r-metHuLeptin in the fed state—Subjects
were admitted to the GCRC the night before the study day and received an isocaloric diet with
breakfast at 7am (20% of daily calories), lunch at 2pm (35% of calories), dinner at 6pm (35%
of calories), and a snack at 10pm (10% of calories). r-metHuLeptin was administered s.c. in
the abdomen at a dose of 0.01mg/kg the following morning at 8:00am. Serum leptin levels
were measured at time 0 before each dose of r-metHuLeptin administered and at times: +30
minutes, +1hr, + 2hr, +3hr, +4hr, +5hr, +6hr, +8hr, +10hr, +12hr, +18hr, and +24hr after the
dose. Subjects were admitted again 1 to 12 weeks later for 1-day admissions following a similar
protocol, except with r-metHuLeptin administration at a dose of 0.1 or 0.3 mg/kg. Eight
subjects received the 0.01 and 0.1 mg/kg dose on consecutive days at 8am as the 0.01 mg/kg
dose was not expected to alter baseline leptin levels 24 hours later based on the half-life of r-
metHuLeptin. Fasting body weight with subjects dressed in a standard hospital gown was
obtained on the morning of each study (prior to blood sampling) using the same scale in the
GCRC.

Part B: Subcutaneous administration of r-metHuLeptin in the fasting state—For
each fasting study, subjects were admitted to the GCRC the night before the first study day
and received a standardized snack (748 kcal) at 10pm, after which they fasted (receiving only
calorie-free liquids, NaCl [500 mg], KCl [40 meq], and a standard multivitamin with minerals
once per day) until study day 3 at 10pm when they received a standardized snack (225 kcal).
For the first fasting study, r-metHuLeptin was administered s.c. at a dose of 0.01 mg/kg once
daily at 8am for 3 consecutive days. Serum leptin levels were measured at time 0 before each
dose and +30 minutes, +1hr, + 2hr, +3hr, +4hr, +5hr, +6hr, +8hr, +10hr, +12hr, and +18hr
after the dose. Subjects were admitted again 2 to 4 weeks later for a second fasting study except
with r-metHuLeptin administration at 0.1 mg/kg once daily for 3 consecutive days, and 3 to
10 weeks after that for a third fasting study with r-metHuLeptin administration at 0.3 mg/kg
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once daily for 3 consecutive days, following a similar protocol to that of the first fasting study,
except for the dose of r-metHuLeptin. Fasting body weight with subjects dressed in a standard
hospital gown was obtained on the morning of each day using the same scale in the GCRC.

Measurements
Leptin levels (ng/ml) were measured using RIA (Linco Research [St Louis, MO], now
Millipore [Billerica, MA]), with a sensitivity of 0.5 ng/ml, in-house intra-assay and inter-assay
coefficients of variation (CVs) of 7% and 18–20%, respectively. This assay measures both
endogenous leptin and exogenous r-metHuLeptin. Samples were run in dilution as needed so
that results fell within the linear part of the standard curve. Samples for the same subject were
run within the same assay (in duplicate) to decrease inter-assay variability.

Noncompartmental Pharmacokinetic Analysis
Pharmacokinetic analyses were performed on baseline-subtracted leptin concentrations, using
leptin values obtained immediately prior to dosing as baseline. After baseline-subtraction, peak
serum concentration (Cmax), Tmax (defined as the time that Cmax was reached), terminal-phase
elimination half-life (t1/2), and area under the serum concentration versus time curve from zero
to infinity (AUC0-∞) were calculated (WinNonlin Version 5.0.1, Pharsight, Mountain View,
CA) as previously described.[10] The apparent clearance (CL/F) of r-metHuLeptin is the ratio
of actual dose administered to AUC0-∞, where F (an unknown factor herein) is the
bioavailability factor after s.c. administration and represents the fraction of drug absorbed into
the systemic circulation relative to that available after direct systemic administration, since
other administration routes are associated with a percentage lost through factors such as
degradation, hepatic metabolism, etc.

Baseline Level of Leptin—In general, the endogenous leptin levels were assumed to be at
steady state before fasting or r-metHuLeptin administration, and their levels can be described
by the following differential equations:

Equation 1

In Equation 1, Rsyn, [L], and (L) represent the endogenous production rate, amount of leptin
in the body, and serum concentration of leptin, respectively, and CL defines the clearance for
leptin. At time 0 (steady state), before fasting or r-metHuLeptin administration, there was no
change in leptin concentration, thus d[L]/dt = 0, and Rsyn = CL* (L), therefore,

Equation 2

where (L) equals to the endogenous leptin concentration before any experimental conditions
were implemented. The intravenous infusion rate of exogenous r-metHuLeptin required to raise
serum leptin levels can be calculated as Rsyn=Rinf =CL*(L). Since only s.c. r-metHuLeptin was
administered in the current study, the equation is further modified as Rinf,s.c =(CL/F)*(L). Since
CL/F was estimated for each treatment day, the estimation for Rinf,s.c was performed without
any assumption on “F”.

Statistical Analysis
Data are presented as mean ± SD. Statistical analyses on the relationships between
pharmacokinetic parameters from each administered dose versus each subject group and day
of fasting (assigning Day 0 for fed condition, Day 1 as first fasting day, Day 2 as second fasting
day, and Day 3 as the third fasting day) were explored with an analysis of variance (ANOVA)
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model using JMP software (Version 5.1, SAS Institute, Cary, NC). An exploratory ANOVA
model using administered dose, fasting day, and subjects as covariates to specifically
investigate the effects on fasting was also performed. An unadjusted significance level of 0.05
was used for all comparisons.

RESULTS
Five normal-weight men (mean age=22.2±0.9, mean BMI=22.0±0.5 kg/m2), five obese
otherwise healthy men (mean age=23.4±1.5, mean BMI=32.0±1.0 kg/m2), and five lean
healthy women (mean age=20.4±0.7, mean BMI=21.9±0.7 kg/m2) participated in 3 fed and 3
fasting studies (one fed and one 72-hour fasting condition at each of the 3 different doses of r-
metHuLeptin). r-metHuLeptin was generally well tolerated with no systemic side effects
occurring in any subjects. Two subjects (1 lean woman and 1 obese man) had mild injection
site reactions at the 0.3 mg/kg dose with development of well-demarcated, mildly pruritic, but
non-painful erythematous patches on the abdomen several hours after the injection, which
resolved without intervention over the course of a few days.

During each of the 72-hour fasting conditions, subjects lost a significant amount of body weight
of ~3–4 kg (with obese men losing slightly more weight than lean men and lean women) (Table
I). Importantly, within each subject group, body weight at the beginning of each fasting study
was very similar (within 0.5 to 1 kg), indicating full recovery of body weight back to baseline
between each of the fasting studies. The amount of weight lost and the time course of weight
loss were remarkably similar across the three doses of r-metHuLeptin administered for each
subject group (Table I).

Figure 1 shows pharmacokinetic profiles of leptin levels following administration of 0.01, 0.1,
and 0.3 mg/kg doses of r-metHuLeptin in lean men during the fed condition as well as with 1
to 3 days of complete fasting. In the fed state, serum leptin levels increased from a baseline
level of ~2 ng/ml to physiologic ranges (~6–7 ng/ml) with the 0.01 mg/kg dose, to
supraphysiologic levels (~50–70 ng/ml) with the 0.1 mg/kg dose, and to pharmacologic levels
(~100–150 ng/ml) with the 0.3 mg/kg dose. At the 0.01 mg/kg dose, fasting for 1 day had
minimal effect on leptin levels but levels decreased by ~50% after 2 days of fasting with
minimal additional effect of the third day of fasting. With higher doses of r-metHuLeptin, the
effect of fasting to decrease leptin levels was less marked but still present.

In obese men, administration of r-metHuLeptin in the fed condition resulted in higher leptin
levels than lean men, in the range of 15–20 ng/ml with the 0.01 mg/kg dose, 75–100 ng/ml
with the 0.1 mg/kg dose, and 250–300 ng/ml with the 0.3 mg/kg dose (Figure 2). At the 0.01
mg/kg dose, fasting resulted in a progressive decrease in leptin levels by ~2/3, but there was
minimal effect of fasting at 0.1 and 0.3 mg/kg doses.

In lean women, administration of r-metHuLeptin in the fed condition resulted in even higher
peak leptin levels than lean or obese men, ranging from 20–30 ng/ml with the 0.01 mg/kg dose,
100–150 ng/ml with the 0.1 mg/kg dose, and 350–450 ng/ml with the 0.3 mg/kg dose (Figure
3). A clear effect of fasting on serum leptin levels was again seen in response to the 0.01 mg/
kg dose, with a decrease in leptin levels by ~2/3 on the second and third days of fasting. The
effect of fasting was still present with the 0.1 mg/kg dose (again mainly during days 2 and 3
of fasting), but nearly absent with the 0.3 mg/kg dose.

We then calculated pharmacokinetic parameters (baseline leptin level [Lo], Tmax, Cmax, t1/2,
area under the curve [AUC], and CL/F) for each group of subjects during the fed condition and
during each day of fasting at the 3 different doses of r-metHuLeptin. Table II presents
pharmacokinetic parameters with the physiologic 0.01 mg/kg dose. As expected, there was a
significant difference between groups in the baseline leptin level as well as a progressive
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decrease in baseline leptin levels with complete fasting. The percent decrease was more
pronounced in lean women and obese men (~25% of baseline) although absolute leptin levels
achieved with fasting were lower in lean men. The half-life of r-metHuLeptin administered
s.c. was ~2–3 hours, with no effect of fasting and no difference between subject groups.
Tmax was generally around 2–3 hours (except for obese men in the fed condition). Cmax was
significantly different between groups and decreased with fasting, as suggested by the
pharmacokinetic profiles. Although obese men had higher absolute leptin levels than lean men,
baseline correction resulted in Cmax levels that were similar to but somewhat higher than in
lean men, although women had higher Cmax than lean men even after baseline correction. The
difference in AUC was ~3-fold higher in obese men and lean women compared to lean men
in the fed condition. AUC decreased significantly with fasting in each group. CL/F
demonstrated an inverse relationship with AUC. In lean men, clearance increased by ~2-fold
increase on the second day of fasting compared to the fed state and first day, and remained at
a similar level on the third day. Fasting also increased clearance in lean women and obese men
by a similar degree, although the absolute CL/F was higher in lean men. Because of the
increased clearance with fasting, the dose required to raise serum leptin levels by 1 ng/ml was
~2-fold higher in all groups after 2 to 3 days of fasting.

At the supraphysiologic 0.1 mg/kg dose of r-metHuLeptin, baseline leptin levels were again
significantly different between groups and decreased in response to fasting, following a similar
pattern as with the 0.01 mg/kg dose, although baseline leptin levels on the 3rd day of fasting
were higher with the 0.1 vs. 0.01 mg/kg dose in lean women and obese men (Table III). The
half-life was around 2–3 hours, with a significant difference between groups (longer in obese
men). Cmax was different between groups, but as suggested by the pharmacokinetic profiles,
the effect of fasting was no longer significant, mainly due to the lack of change in lean women
and obese men, whereas Cmax still decreased in lean men with fasting. However, AUC was
significantly decreased by fasting in all groups with a clear difference between groups.
Clearance and the dose to raise serum leptin levels by 1 ng/ml increased with fasting, especially
in lean men.

Finally, at the 0.3 mg/kg dose of r-metHuLeptin, the effect of fasting on baseline leptin levels
was less pronounced (P=0.049), especially in obese men, whereas baseline levels still
decreased modestly in lean men by ~30% and in lean women by 60% (Table IV). Half-life
remained around 2–3 hours, again slightly longer in men. Cmax was significantly different
across groups, with much higher levels in lean women and obese men than lean men, but no
significant effect of fasting. Similarly, AUC differed across groups with an only borderline
significant effect of fasting. Clearance was still significantly increased by fasting, but the effect
was less pronounced compared to lower r-metHuLeptin doses due to an increased clearance
in lean men but not obese men or lean women. Correspondingly, the dose to raise serum leptin
levels by 1 ng/ml was ~4-fold higher in lean men than lean women and obese men.

DISCUSSION
In this dose-ranging pharmacokinetic study of subcutaneous r-metHuLeptin administration,
we present pharmacokinetic data on lean and obese individuals (men and women) in response
to varying doses of r-metHuLeptin ranging from physiologic (0.01 mg/kg) to supraphysiologic
(0.1 mg/kg) to pharmacologic (0.3 mg/kg) during fed and fasting conditions. Our study design
allowed us to determine the effect on leptin pharmacokinetics of progressive days of complete
fasting (up to 3 days) as well as the effect of progressively higher levels of leptin. We report
novel findings of increased clearance of leptin with fasting in healthy subjects, as well as
important differences in obese vs. lean individuals and men vs. women with respect to the
effect of fasting and/or increasing r-metHuLeptin doses on pharmacokinetic parameters.
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In rodent models[12,13] as well as in humans[14,15], the kidney is the main site of leptin
clearance, and renal leptin excretion has been calculated to account for ~80% of all leptin
removed from plasma.[14] Leptin levels are only transiently increased in rats undergoing
unilateral nephrectomy with no change in leptin production, indicating that renal tissue can
rapidly adapt to restore normal leptin elimination.[16] In humans, information on leptin kinetics
is relatively limited. Using simultaneous measurement of leptin levels in a radial artery and an
abdominal vein draining subcutaneous adipose tissue, leptin production from abdominal
adipose tissue and, by extrapolation, whole body leptin production in men have been found to
correlate directly with percent body fat.[17] Although endogenous leptin clearance and half-
life were reportedly unrelated to adiposity, only two obese individuals were included in that
study.[17] In contrast, our prior pharmacokinetic study in a larger number of subjects (men
and women) based on intravenous r-metHuLeptin administration and direct measurement of
whole body leptin kinetics found decreased leptin clearance as well as increased leptin
production with obesity.[10] Although leptin production could not be directly measured herein
using subcutaneous r-metHuLeptin because of the unknown bioavailability factor, we report
similar findings of decreased leptin clearance in obese men in the fed state (~one-third to one-
half that of lean men).

A major finding of this study was that fasting has a significant effect to decrease baseline leptin
levels, Cmax, and AUC, while increasing clearance. In lean men, Cmax decreased by half, and
clearance doubled by the second day of complete fasting, with minimal effect of the third day
of fasting. This resulted in a doubling of the dose of r-metHuLeptin required to raise serum
leptin levels by 1 ng/ml. Although leptin production rates could not be directly calculated, the
approximate doubling of leptin clearance in the setting of a ~50% decline in baseline leptin
levels with fasting suggests that leptin production remained stable. The effect of fasting to
increase leptin clearance persisted across all three doses of administered r-metHuLeptin, but
was less pronounced with increasing r-metHuLeptin dose. This suggests that sufficiently high
levels of leptin can cause the increase in leptin clearance to reach a plateau. From a teleologic
perspective, increasing leptin clearance with fasting (which thereby decreases leptin levels
even further) may send a more intense signal to increase caloric ingestion in a setting of
perceived starvation.

The finding of decreased t1/2 with fasting is also consistent with the alterations in clearance.
At the lowest dose of r-metHuLeptin, the effect of fasting on t1/2 was not statistically
significant. However, pharmacokinetic profiles after low-dose r-metHuLeptin administration
may be more sensitive to baseline correction and fluctuations of endogenous leptin levels,
whereas supraphysiologic and pharmacologic doses provide more robust pharmacokinetic
profiles that are less affected by baseline correction, which permits more rigorous assessment
of t1/2. Thus, at the 0.1 and 0.3 mg/kg doses, an effect of fasting to decrease t1/2 by ~1/3 in lean
men is apparent and consistent with the increased clearance.

As expected, obese men had higher baseline leptin levels at all time points compared to lean
men. Although the absolute difference in baseline leptin levels between lean and obese men
was only ~10 ng/ml, the same dose of r-metHuLeptin administered in obese men resulted in
~3 to 4-fold higher AUC than in lean men at each of the doses administered. The higher AUC
even after baseline correction reflects a decrease in clearance in obese vs. lean men. These
findings are consistent with our prior intravenous pharmacokinetic study demonstrating that
obese individuals have decreased leptin clearance as well as increased production.[10] At the
physiologic 0.01 mg/kg dose, fasting had an effect to reduce Cmax by ~50% and AUC by ~2/3
in obese men. This effect could still be seen with the supraphysiologic r-metHuLeptin dose but
to a lesser degree; however, it was essentially lost with pharmacologic r-metHuLeptin. Thus,
obesity has an effect to blunt the response to fasting, but mainly at pharmacologic leptin levels.
From a teleologic perspective, this response may be considered appropriately adaptive since a
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decrease in efficiency of leptin clearance may create less of a drive to eat during starvation in
obese individuals who have greater energy stores at baseline (and thus less risk of malnutrition).
This is also consistent with the notion that leaner individuals are more sensitive to the effects
of energy deprivation to perturb neuroendocrine function than their heavier counterparts.[18]
Although alterations in leptin pharmacokinetics may play a role in the regulation of energy
homeostasis in obesity, the factors that influence an individual’s drive to eat are clearly complex
and multifactorial with contributions of both internal physiological changes (e.g. decreased
glucose and insulin) as well as external environmental cues.

In this study, we also report leptin pharmacokinetic parameters based on subcutaneous r-
metHuLeptin administration in women for the first time. As expected, leptin levels at baseline
were ~5 to 6-fold higher in lean women compared to men, despite similar BMI. Again, despite
an absolute difference in baseline leptin levels of only ~10–15 ng/ml between lean men and
women, there was a striking difference in Cmax and AUC (~2 to 3-fold higher in women) after
the same dose of r-metHuLeptin administered. In fact, lean women had even higher leptin
levels at each dose of r-metHuLeptin compared to obese men. Otherwise, Tmax and t1/2 were
similar in lean women as in lean men. Fasting results in an increase in clearance of ~2 to 3-
fold in lean women at the 0.01 mg/kg dose. These findings are in contrast to a prior study using
the technique of arteriovenous balance to estimate whole body leptin kinetics, which found a
decrease in leptin production after 22 hours of fasting but no change in leptin clearance in lean
and obese women.[19] Again, this discrepancy may relate to the different methodologies used
(direct measurement of whole body leptin kinetics herein vs. indirect estimates in the prior
study) and/or the much shorter duration of fasting in the prior study.[19]

At higher r-metHuLeptin doses (0.1 and 0.3 mg/kg), there was no effect of fasting on clearance
in lean women, but baseline leptin levels still decreased by ~40–60% with fasting. This suggests
that women may have a different pharmacokinetic response to fasting than men such that the
fasting-induced decrease in baseline leptin levels in women relates more to decreased leptin
production rather than increased leptin clearance. This issue cannot be fully resolved unless a
similar study was performed using intravenous r-metHuLeptin. However, a lack of increase in
leptin clearance during acute fasting in women may prevent further decreases in leptin levels
and thus protect against perturbations in neuroendocrine function during acute energy
deprivation, since disruption of reproductive function may have more significant implications
on procreation in women than in men. This is consistent with our prior studies on the role of
leptin in the neuroendocrine response to fasting demonstrating that whereas 72-hour fasting
decreases testosterone and LH pulsatility in lean men (which are fully restored with leptin
replacement),[8] the same duration of fasting has only minimal effects on the reproductive axis
in lean women.[20] However, it is important to note that the lack of change in clearance was
noted mainly at supraphysiologic and pharmacologic leptin levels, whereas an effect of fasting
on clearance was present at the 0.01 mg/kg dose of r-metHuLeptin.

It is well-established that women have higher baseline leptin levels than men even after
adjusting for differences in fat mass, which may relate to differences in body fat distribution
and/or effect of sex steroids (i.e. effect of estrogen to increase leptin production and/or effect
of testosterone to decrease leptin levels).[21–23] If fasting in women primarily causes a
decrease in leptin production vs. an increase in clearance, it is possible that changes in sex
steroids (not measured herein) could contribute, but this would require further evaluation.

Strengths of this study include: the novel elucidation of the effect of fasting on leptin
pharmacokinetics; the evaluation of the same subjects in both the fed and fasting conditions
using the same dosing protocol in each subject to minimize inter-subject variability, which
helps to compensate for the relatively small n; the study of a range of r-metHuLeptin doses
from physiologic to supraphysiologic to pharmacologic; the insights provided by evaluating
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body weight during short-term complete fasting with r-metHuLeptin administration at a range
of doses; and the inclusion of both lean and obese individuals and both men and women.
Although obese women were not directly studied, the comparison of obese men to lean men
and of lean women to lean men permits the effects of gender and adiposity to be elucidated.
Although no other commercially available assays were used herein, we have previously
demonstrated that DSL correlates reasonably well with Linco,[11] and thus concentration-
independent pharmacokinetic parameters should be similar if the DSL assay were used.

CONCLUSIONS
Short-term fasting in healthy individuals results in increased clearance of leptin, which may
serve as a signal to increase energy intake in the setting of caloric restriction. Although the
paradigm of our study was complete fasting rather than the more typical hypocaloric diets used
to induce weight loss, these findings indicate that higher doses of r-metHuLeptin may be
required for the same effect if r-metHuLeptin is used with caloric restriction (especially very
low calorie diets) for the treatment of obesity. Obese individuals have a blunted response to
fasting, which may reflect their greater energy stores at baseline, and thus may need less of an
adjustment in r-metHuLeptin doses with caloric restriction. Women have a differential
response to fasting with decreased leptin production rather than increased clearance, but
because of their higher baseline leptin levels and greater increase in leptin levels in response
to a given dose of r-metHuLeptin, their dosing requirements are more similar to that of obese
men than lean men. These findings have important implications for the future therapeutic use
of r-metHuLeptin in conjunction with hypocaloric diets for the treatment of obesity.
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Figure 1.
Pharmacokinetic profiles of leptin following administration of 0.01, 0.1, and 0.3 mg/kg of r-
metHuLeptin once in the fed condition and once daily during 3 days of complete fasting in
healthy lean men (n=5). Arrow indicates dose of r-metHuLeptin administered just after
measurement of baseline leptin levels at 8:00am. Leptin levels are actual (not baseline-
corrected).
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Figure 2.
Pharmacokinetic profiles of leptin following administration of 0.01, 0.1, and 0.3 mg/kg of r-
metHuLeptin once in the fed condition and once daily during 3 days of complete fasting in
healthy obese men (n=5). Arrow indicates dose of r-metHuLeptin administered just after
measurement of baseline leptin levels at 8:00am. Leptin levels are actual (not baseline-
corrected).
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Figure 3.
Pharmacokinetic profiles of leptin following administration of 0.01, 0.1, and 0.3 mg/kg of r-
metHuLeptin once in the fed condition and once daily during 3 days of complete fasting in
healthy lean women (n=5). Arrow indicates dose of r-metHuLeptin administered just after
measurement of baseline leptin levels at 8:00am. Leptin levels are actual (not baseline-
corrected).
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