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Abstract
Functional disruption of either MC3R or MC4R results in obesity, implicating both in the control of
energy homeostasis. The ligands for these receptors are derived from the prohormone POMC, which
is post-translationally processed to produce a set of melanocortin peptides with a range of activities
at the MC3R and MC4R. The relative importance of each of these peptides (α-MSH, γ3 MSH, γ2
MSH, γ lipotropin (γ-LPH) and, in man but not in rodents, β-MSH) in the maintenance of energy
homeostasis is, as yet, unclear.

To investigate this further, equimolar amounts (2nmols) of each peptide were centrally administered
to freely feeding, corticosterone supplemented, Pomc null (Pomc-/-) mice. Following a single dose
at the onset of the dark cycle, α-MSH had the most potent anorexigenic effect, reducing food intake
to 35% of sham treated animals. β-MSH, γ-LPH, γ3-and γ2- MSH all reduced food intake but to a
lesser degree.

The effects of peptide administration over three days were also assessed. Only α-MSH significantly
reduced body weight, affecting both fat and lean mass. Other peptides had no significant effect on
body weight. Pair-feeding of sham-treated mice to those treated with α-MSH resulted in identical
changes in total weight, fat and lean mass indicating that the effects of α-MSH were primarily due
to reduced food intake rather than increased energy expenditure.

Although other melanocortins can reduce food intake in the short term, only α-MSH can reduce the
excess fat and lean mass found in Pomc-/- mice, mediated largely through an effect on food intake.

Introduction
An intact melanocortin system is critical for normal energy homeostasis (1). Extensive data
from human genetic and murine studies indicate that disrupted function of centrally expressed
melanocortin receptors MC3R and MC4R results in obesity (2). Humans and mice with MC4R
deficiency are characterized by an increase in fat and lean body mass, hyperphagia and severe
hyperinsulinemia from a young age(3,4). Homozygous null Mc3r mice exhibit a significant
increase in fat mass (5,6) and there is evidence that diminished MC3R expression may be a
predisposing factor for excessive body weight gain in children (7).

The agonists for these two receptors are derived from the pro-hormone, pro-opiomelancortin
(POMC). The POMC gene is actively transcribed in several tissues, including corticotrophs
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and melanotrophs within the pituitary, neurons originating in the hypothalamic arcuate nucleus,
the brainstem and cells in the dermis and lymphoid system (8).

POMC itself is functionally inert but undergoes extensive, tissue-specific post-translation
modification to generate a range of smaller, biologically active peptides (8) (Fig. 1). These
include ACTH and α-, ß-, and γ-melanocyte stimulating hormone (MSH), collectively known
as the melanocortins. The precise repertoire of POMC-derived products from any particular
tissue is largely dependent on the range of processing enzymes expressed in that tissue. Thus,
in humans, pituitary corticotrophs express prohormone convertase 1 (PC1), but not PC2,
resulting in the production of N-terminal peptide, joining peptide, ACTH, and ß-lipotropin
(β-LPH). In contrast, the expression of both PC1 and PC2 within the hypothalamus leads to
the production of α-, ß-, and γ3-MSH, but not ACTH (8). γ3-MSH then undergoes further
cleavage at a dibasic site to form the shorter peptide γ2-MSH. Cleavage of the carboxyl terminal
alanine from γ2-MSH generates γ1-MSH.

A similar pattern of processing also occurs in mice, although there are important differences.
Due to a lack of a dibasic site, β-LPH is processed no further than the intermediate γ-LPH,
being unable to be fully processed into the smaller peptide β-MSH (9)(Fig. 1). Further, in
contrast to humans, murine γ3-MSH lacks the Arg-Arg cleavage site required for formation of
γ2-MSH.

Although impairment of the synthesis (10,11) and processing (12,13) of POMC also results in
an obese phenotype, a precise understanding of the molecular physiology of POMC remains
elusive. There is still uncertainty regarding the relative importance of particular POMC-derived
melanocortin ligands in the processes that control energy balance and in particular whether α-,
β- and γ-MSH (which are produced in equimolar amounts from the precursor peptide (14))
have unique, overlapping or redundant roles. It is clear from in vitro data that the three peptides
have differing affinities to melanocortin receptors (15). Although α-MSH has equal affinity
for MC3R and MC4R, β-MSH has the highest affinity for MC4R (16,17) while γ3-MSH
preferentially binds to MC3R (18). These differences between the in vitro characteristics of
the melanocortins are illustrated by a recent study characterizing human MC4R polymorphisms
that demonstrated β-MSH remained active at a number of receptors which were not stimulated
by other melanocortins (19).

Several in vivo studies have compared the response of centrally administered melanocortins
on food intake (20-22). α-, β- and γ-MSH appear to have differential effects upon short term
feeding behaviour, both in terms of magnitude and time of onset of effect. However, none of
these studies have been carried out in the total absence of endogenous melanocortins and none
have directly compared the ability of the melanocortins to bring about changes in weight.

In this study we have used a mouse model lacking all endogenous POMC peptides (Pomc-/-)
to further investigate the effects of the centrally derived melanocortin peptides upon food intake
and body weight. By giving equimolar amounts of peptide icv to corticosterone-supplemented
Pomc-/- mice, we wished to determine whether α-, β-, γ-MSH might have differential effects
on the hyperphagia and excess fat and lean mass found in this mouse model. In addition we
have also taken into account the species difference in POMC processing and investigated the
effects of γ-LPH, the direct precursor of β-MSH, as well as using both γ3-MSH and γ2-MSH.

Methods
Pomc-/- mice

Pomc null mice were generated on a 129/SvEv background and genotypes were determined
by PCR of DNA from ear tissue using a method previously described (11). All mice were
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maintained under controlled temperature (22 C) and light (12 h light from 7:00 a.m. -7:00 p.m.)
and had ad libitum access to water and standard chow (4.5% fat chow; Special Diet Services,
Witham, UK). Twelve week old male mice were used in all the studies and were individually
caged throughout the duration of the experiment. All protocols were in accordance with the
United Kingdom Home Office.

Intracerebroventricular (icv) studies
On day 0, mice underwent stereotaxic surgery to place an indwelling guide cannula into the
lateral ventricle. Mice were anaesthetized with a mix of inhaled isoflurane and oxygen and a
26 gauge steel guide cannula (internal diameter 0.24 mm, outer diameter 0.46 mm, length 2mm
(Semat International, Herts, UK) was implanted into the right lateral ventricle using the
following co-ordinates: 1.0 mm lateral from bregma, 0.5 mm posterior to bregma. The guide
cannula was secured to the skull using quick-drying cyanoacrylate glue and a dental cement
(Associated Dental Products, Wiltshire, UK) and a dummy cannula was inserted. All animals
received analgesia (Rimadyl, 5 mg/kg, Pfizer Animal Health, Kent,UK) and antibiotic
(Teramycin LA, 60 mg/kg, Pfizer Animal Health, Kent, UK) before being returned to their
home cage.

In addition, on day 0 drinking water was replaced by corticosterone-supplemented drinking
water (as described below) which remained in place for the duration of the study. Our previous
studies (23) have shown that without corticosterone supplementation, Pomc-/- mice are affected
by a rapid fall off in body weight and food intake in the post-operative period. As the aim of
the study was to directly compare the anorexigenic potencies of melanocortin peptides, we
elected for continuous corticosterone supplementation.

On day 7, food intake and body weight were measured. If either parameter did not match pre-
surgery values, mice were excluded from the study. On day 8, one hour before the onset of the
dark cycle mice received either 2nmoles of peptide (α-MSH, γ-LPH, β-MSH, γ3-MSH or γ2-
MSH) or PBS (sham) in a total volume of 2μl. This was administered using a Hamilton syringe
over 2 minutes. Food intake was measured over at 2, 4, 12 and 24 hours.

On day 9 and 10, peptide was administered in an identical way to day 8 with food intake and
body weight measured at 0800 each day.

On the morning of day 11 mice underwent a DEXA scan to assess body morphology and were
sacrificed to collect blood and tissue. In addition, accurate cannula placement was confirmed
by infusing 2μl of methylene blue dye into the indwelling cannula. Animals failing to show
diffusion of the dye throughout the ventricular system were excluded from subsequent analysis.

Corticosterone replacement
Corticosterone replacement was given as supplemented drinking water at final concentration
of 25μg/ml. Corticosterone was purchased from Sigma-Aldrich, Poole, UK. Corticosterone
concentrations achieved in all 6 treatment groups were identical (sham vs α-MSH vs γ-LPH
vs β-MSH vs γ3-MSH vs γ2-MSH: 50.9±23.0 vs 43.3±16.5 vs 45.4±18.0 vs 33.4±4.2 vs 42.4
±23.6 vs 42.4±23.6, all p=n.s. vs sham).

Peptides
α-MSH (Ac-SYSMEHFRWGKPV-NH2, the acetylated form of α-MSH), β-MSH (H-
DEGPYRMEHFRWGSPPKD-OH), γ3 MSH (HYVMGHFRWDRFGRRNSSSSGSSGAGQ-
OH) and γ2-MSH (H-YVMGHFRWDRFG-OH) were all purchased from Bachem, St Helens,
England.
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γ-LPH (H-ELEGERPLGLEQVLESDAEKDDGPYRVEHFRWSNPPKD-OH) was custom
synthesized by Pepscan Systems, Lelystad, The Netherlands. All peptides were dissolved in
sterile phosphate buffered saline (PBS) with 2nmol of each peptide delivered in a volume of
2μl at each occasion.

Body Composition
Fat and lean body mass were determined by using dual-energy x-ray absorptiometry (Lunar
PIXImus2 mouse densitometer, General Electric Medical Systems) as described by the
manufacturer.

Blood glucose
Glucose analysis was done on tail vein blood using Lifescan One-Touch Ultra Glucometer
(Lifescan, High Wycombe, U.K.).

Hormone assays
Plasma corticosterone (Immunodiagnostic, Tyne and Wear, U.K.) and insulin (Crystal Chem,
Chicago, IL) were determined using commercially available kits according to the
manufacturers’ protocols.

Statistics
All data are reported as means ± SE. All data sets were analyzed for statistical significance by
using Student’s t test, except for the data presented in Figure 3, where significance was sought
using 2-way ANOVA. The PRISM software package (GraphPad, San Diego, CA) was used
for all analyses. Results were considered statistically significant at p< 0.05.

Results
All centrally derived melanocortin peptides can reduce food intake

To determine the relative anorexigenic potency of each of the centrally derived melanocortins,
we administered 2nmols of each peptide into the lateral ventricle of Pomc-/- mice who were
also receiving corticosterone supplemented drinking water. All peptides were given 1 hour
before the onset of the dark cycle with food intake over the subsequent 24 hour period recorded.

At all time points α-MSH caused the biggest reduction in food intake, with the amount
consumed at 24 hours only a third of the amount eaten by sham treated animals ( sham vs α-
MSH, 8.22±0.73 vs 2.85±0.74 g, p<0.001) (Fig. 2). γ3-MSH caused the second largest
reduction in food intake, able to reduce food intake at all time points measured across the 24
hour period. Interestingly, γ-LPH and β-MSH had similar anorexigenic actions, although both
were less effective than α- or γ3-MSH in reducing food intake. Finally, γ2-MSH was the least
effective, only bringing about a significant reduction in food intake at 4 hours (sham vs γ2-
MSH, 2.35±0.10 vs 1.63±0.24 g, p<0.05) (Fig. 1).

Only α-MSH can reduce body weight in Pomc-/- mice
Although all the peptides given as a single dose were able to reduce food intake, none caused
a significant reduction in body weight. We therefore wished to determine if repeated central
administration of melanocortin peptides might be able to impact upon the excess fat and lean
tissue mass we have previously reported in corticosterone-treated Pomc-/- mice (24) and in
particular if different peptides might have differential effects upon this phenotype.

We therefore extended the study by administering equimolar amounts of each peptide for
another two days, again with each dose given just prior to the onset of the dark cycle. Once
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again, α-MSH had the most potent effect on food intake, with cumulative food intake reduced
to less than half that seen in sham animals (sham vs α-MSH, 31.50 ±2.38 vs 13.99±2.20 g,
p<0.001) (Fig.3A). The other administered peptides also reduced cumulative food intake but
their effects were all of a similar magnitude ( γ-LPH vs β-MSH vs γ3-MSH vs γ2-MSH, 23.63
±1.72 vs 24.72±3.00 vs 24.72±3.00 vs 24.92±2.00 g, respectively, all p<0.05 vs sham) (Fig.3
B-E).

α-MSH was also the only administered peptide which brought about a significant reduction in
weight. Thus, three doses of α-MSH were enough to cause a 6 gram weight loss in total body
weight (Fig.4A), representing a reduction of 13% from baseline weight (Fig. 4B). Analysis of
body composition by DEXA on the day following the third injection demonstrated this loss to
be a combination of reduced fat and lean mass ( sham vs α-MSH; fat mass, 15.26±1.15 vs 12.82
±0.63 g, p<0.05; lean mass, 26.08±0.86 vs 22.83±0.43 g, p<0.05) (Fig. 5A). Analysis of
anatomical depots showed the fat loss to be from mesenteric (sham vs α-MSH, 745±46 vs 582
±31 mg, p<0.01), retroperitoneal (534±90 vs 344±27 mg, p<0.05) and subcutaneous depots
(809±78 vs 603±34, p<0.05) without any effect upon the gonadal fat pad (Fig. 5B). Whole liver
mass was also significantly reduced following α- MSH treatment (2115±68 vs 1285±150,
p<0.01) (Fig. 5B).

Fat mass in γ3-MSH treated mice was reduced to 86% of that seen in sham treated animals but
in absolute terms this failed to reach statistical significance (sham vs γ3-MSH, 15.26±1.1 vs
13.17±0.7 g, p=0.06). Further, although no difference was seen in mass of fat depots between
sham and γ3-MSH treated mice, whole liver mass was significantly reduced with γ3-MSH
treatment (sham vs γ3-MSH, 2115±68 vs 1776+94 mg, respectively, p<0.05).

Fed plasma glucose levels between the treatment groups were not significantly different (sham
vs α-MSH vs γ-LPH vs β-MSH vs γ3-MSH vs γ2-MSH, 8.5±0.6 vs 6.6±1.1 vs 8.3±1.1vs 7.4
±0.7 vs 8.7±1.4 vs 8.4±0.6 mmol, respectively).

However, in keeping with the marked reduction in food intake, α-MSH treated mice had a
significantly lower plasma insulin compared to sham (4.6±1.0 vs 54.7±9.4 ng/ml, respectively,
p<0.001). Insulin levels in the remaining treatment groups were also significantly reduced
compared to sham, although again the magnitude of these effects were less than that of α-MSH
( γ-LPH vs β-MSH vs γ3-MSH vs γ2-MSH, 18.8±7.3 vs 22.4±7.8 vs 17.7±9.7 vs 30.8±7.7,
respectively, all p<0.05 vs sham).

α-MSH brings about weight reduction in Pomc-/- mice primarily by reducing food intake
To being to determine if the weight loss seen following repeated icv dosing with α-MSH were
due to reduced food intake alone, we undertook a pair feeding experiment. A further cohort of
Pomc-/- mice received 3 sham injection icv as above with food intake matched to that consumed
by α-MSH treated mice. The magnitude of the weight loss seen in these pair fed mice was near
identical to that seen in α-MSH treated mice (Fig. 6 A&B) with a similar amount of fat and
lean mass lost in pair-fed and α-MSH treated mice (Fig. 6C). There were differences in the
amount lost from subcutaneous and retroperitoneal fat (α-MSH vs pair-fed: subcutaneous fat
depot, 603±34 vs 868±42 mg, respectively, p<0.01; retroperitoneal, 344±27 vs 434±31 mg,
respectively, p<0.05) but the other anatomical fat depots measured were indistinguishable.
Plasma insulin levels seen following pair feeding were also no different from levels measured
following α-MSH treatment (3.6±0.1 vs 4.6±1.0 ng/ml, respectively, n.s.).

Discussion
The current study is the first to have directly compared the effects upon food intake and body
weight of melanocortins given centrally to a mouse model lacking all endogenously derived
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POMC products. α-MSH had the most potent anorexigenic effect, causing the biggest reduction
in food intake. Further, α-MSH was the only melanocortin able to reduce the excess fat and
lean mass found in Pomc-/- mice when given repeatedly over three days. On the basis of a pair-
feeding experiment these effects were mediated largely through a reduction in food intake.
Equimolar amounts of γ LPH, β-MSH, γ3-MSH and γ2-MSH were all able to reduce food
intake but to a lesser degree than that seen with α-MSH and none caused a significant reduction
in body weight.

Much of our current understanding of the importance of the melancortinergic system in energy
homeostasis is from data derived using rodent models. Many previous studies have
demonstrated that central administration of melanocortin agonists can significantly reduce food
intake (25-28) even in agouti mice, another obese mouse model with disrupted
melanocortinergic signaling(29). However, the majority of these studies have used potent
pharmacological agents such as melanotan II (MTII)(30) rather than the endogenously
produced peptides.

There are far fewer studies which have directly compared the central effects of specific POMC-
derived melanocortin peptides on food intake, with each using different treatment and dosing
regimens. Thus, Kask et al.(20) compared the effects of central α-MSH, β-MSH and γ1-MSH
on food intake in ad libitum fed and 24 hr fasted rats. In both fed and fasted states α-MSH and
β-MSH were equally effective in reducing food intake over 4 hrs, while γ1-MSH had no such
effect. However, in contrast to our study, the larger precursor peptides of γ1-MSH and β-MSH
(γ3-MSH and γ-LPH, respectively) were not used and equal μg not equimolar doses were given.
The peptides were also administered in the early part of the light phase, a time when in the ad
libitum fed rats in particular food intake is at its physiological nadir and no data about the
impact upon body weight was presented. Abbott et al. (21)centrally administered equimolar
amounts of α-, β- and γ2-MSH to rats fasted for 24 hours, with peptides given at the onset of
the light cycle. α- and β-MSH both dose-dependently decreased food intake over 2 hrs with
γ2-MSH unable to reduce food intake at any point measured. Intriguingly, this study also
reported adverse locomotor activity with γ3-MSH and γ1-MSH, a finding which precluded
these particular peptides being studied further. Finally, Millington et al. (22) compared the
effects of centrally administered α-, β- and γ2-MSH on hypothalamic neuronal activation and
on food intake in rats fasted for 48 hours. In contrast to the study by Abbott and colleagues,
this study demonstrated that α- and γ2 MSH, but not β-MSH, suppressed food intake. Further,
the two peptides shown to be biologically active brought about their effects over different time
courses with α-MSH acting more rapidly than γ2 MSH. Each of the melanocortins used in this
study also caused distinct anatomical patterns of activation within the hypothalamus,
suggesting the individual peptides may have distinct biological roles (22).

Despite these studies there remains contention about the physiological heirachy of the
melanocortin peptides. The results of the current study show α-MSH to be the most potent
anorexigen, significantly reducing food intake over 24 hours after a single dose. Repeated
administration of α-reduced both fat and lean mass but to an identical degree to that seen in
pair-fed mice. We have previously reported that the phenotype of Pomc-/- mice results from
increased food intake and a reduction in resting basal metabolic rate (11). The finding that α-
MSH treated mice did not lose more weight that pair-fed mice indicates that, at least in the
paradigm used in this study, administration of α-MSH did not significantly increase energy
expenditure but simply ameliorated the hyperphagia.

These results are intriguing in the light of recent data clearly demonstrating functional
divergence of the melanocortin pathway. Balthasar and colleagues engineered a lox P modified,
null Mc4r allele which can be reactivated by Cre-recombinase (31). Using Sim1 cre transgenic
mice, Mc4r expression was restored in the paraventricular hypothalamus and a subpopulation
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of the amygdala neurons. 60% of the obesity seen in total Mc4r null mice was prevented. This
was entirely due to a normalisation in food intake with the reduced energy intake typical of
Mc4r-/- mice unaffected by this targeted re-expression. Thus MC4R in the PVH and/or amgdala
control food intake but MC4R elsewhere control energy expenditure. Given that we
administered peptide into the lateral ventricle, it is likely that a higher concentration of peptide
would have reached the MC4R in the PVN compared to more neuroanatomically distinct sites
like the brainstem. This may, in part, explain why the predominant effect of α-MSH was on
food intake.

Compared to α-MSH, the physiological roles of β-MSH and its direct precursor γ-LPH remain
less well characterized. This may be understandable as rodents lack the N-terminal cleavage
site necessary for the generation of β-MSH. Conclusions drawn from rodent data may therefore
have resulted in an important role for β-MSH being overlooked. In fact, it has required human
genetic studies to bring novel insights into the function of this peptide. Two recent reports have
demonstrated that β-MSH is likely to be a physiologically relevant endogenous ligand at the
MC4R (32,33), thereby challenging the canonical view that α-MSH is the primary
melanocortin ligand controlling energy homeostasis in humans. Like the previous rodent
studies reviewed above, our data also suggest that β-MSH can reduce food intake but also show
that POMC-derived peptide γ-LPH, which is more physiologically relevant to mice, can also
significantly reduce food intake to a similar degree. Thus γ-LPH may have a function in
modulating appetite and food intake in rodents.

Much of the data derived from rodent studies suggest that the primary role of the γ-MSH species
may be in the regulation of the cardiovascular system and in particular integrating the response
to dietary sodium excess (34). A high-sodium diet increases the pituitary content of γ-MSH
and results in a doubling of plasma γ-MSH concentration. Renal MC3-Rs are also upregulated
by a high salt diet and acting via these receptors, γ-MSH is thought to be able to bring about a
marked natriuresis. However, there is as yet no mouse model which solely lacks γ-MSH, with
some of the key conclusions regarding the role of this melanocortin drawn from a mouse model
functionally lacking γ-MSH because of a lack of the prohormone converting enzyme, PC2
(35). This enzyme is involved in processing a range of other peptides, with the knock-on effect
of these unprocessed hormones and the lack of smaller downstream peptides likely to impact
upon the key physiological functions within the mouse. The data in the current study show
both γ3-MSH and γ2-MSH can both reduce food intake. Although this is in accordance with
many of the previous published studies(20-22), a recent report by Marks et al. demonstrated
that an analogue of γ-MSH (D-Trp8-γ-MSH) with high affinity for MC3R can increase food
intake(36). The explanation of this orexigenic action invoked a central mechanism in which
the ligand bound to MC3R on arcuate POMC neurons. Acting as an inhibitory autoreceptor,
increased activity at MC3R could therefore bring about a reduction in melanocortinergic tone
and decrease food intake. The data presented in the current study are not able to directly address
this putative mechanism of action of γ-MSH, as even if centrally administered peptide were
acting upon MC3R on POMC neurons, the very nature of the Pomc-/- mouse means
melanocortinergic tone is non-existent before any peptide is given. However it is noteworthy
that the peptide analogue studied by Marks et al. (36) was given peripherally, not centrally,
and as MC3R are found in many other tissues including adipose tissue and the stomach it is
possible that the effects of D-Trp8-γ-MSH seen were from a site of action outside of the
hypothalamus.

The current study also demonstrated that γ3-MSH significantly reduced liver mass and showed
a trend to reducing total fat mass, indicating that this ligand may have a potential role in
controlling fat deposition. This may be via stimulation of the sympathetic system (37,38)
although the nature of the receptor involved cannot be determined by the present study.
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One limitation of a pharmacological study is that it can never wholly replicate a complex
physiological scenario, with any results undoubtedly an underestimate of the true elegance and
subtlety at work within the system. POMC is highly post-translationally modified and there is
still much to understand with respect to the regulation of these processes. Indeed, some
intriguing recent data have suggested that leptin can critically alter an important step in
melancortin processing(39). By analysis of the protein content and enzymatic activity within
the hypothalamus of wild type and leptin deficient ob/ob mice, Guo and colleagues
demonstrated that leptin specifically and rapidly stimulated the generation of acetylated α-
MSH (39). Their data suggested that this is the result of a leptin-dependent increase in the
activity of an N-acetyltransferase in hypothalamic POMC neurons. The effects of leptin on
energy balance via the central melanocortin pathway now appear to have an additional level
of complexity by regulating acetylation of α-MSH. In addition, the fact that there are multiple
POMC-derived peptides but only two centrally expressed melanocortin receptor subtype
through which they can act, brings a further layer of complexity to the system. It will take
carefully targeted genetic models to tease apart the system further and ascribe true
physiological function to each peptide.

Although all the peptides were administered in equimolar amounts, in keeping with what is
known about POMC processing in vivo (14), we have no data pertaining to the
pharmacokinetics of peptides following administration. Such data would be valuable in further
interpreting the results presented as it is conceivable that the ability of α-MSH to bring about
the biggest change in food intake and body weight result, in part, from an increased resistance
to degradation and clearance.

Finally, there are compelling data demonstrating that an intact central melanocortin system is
required for normal glucose homeostasis, independent of its role in controlling food intake and
body weight (40) and we have previously shown that ten days of glucocorticoid treatment
rendered Pomc-/- mice markedly insulin resistant(24). The current study was not designed to
compare the ability of centrally administered melanocortin peptides to potentially ameliorate
this insulin resistant state. Such future studies may be informative in resolving unanswered
issues surrounding the true physiological roles of the melancortin peptides.

In summary, although other centrally administered melanocortins can reduce food intake in
the short term, only α-MSH is also able to reduce the excess fat and lean mass found in
Pomc-/- mice, mediated largely mediated through its effects on food intake.
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Figure 1.
POMC processing in human (A) and mice (B). POMC is a large precursor peptide processed
into smaller biologically active fragments by cleavage at dibasic cleavage sites (solid line). An
important species difference between rodent and human is that only human have a dibasic site
within γ-LPH to allow further processing of this larger peptide into the smaller melanocortin
peptide, β-MSH. NT= N-terminal fragment, JP= joining peptide, β-LPH= β-lipotropin, β-
END= β-endorphin.
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Figure 2.
The effects of a single intracerebroventricular (icv) dose of peptide on food intake. 2 nmols of
each peptide were administered to ad libitum fed mice one hour before the onset of the dark
cycle with food intake measured over the subsequent 24 hours at the time indicated (n=6-8 per
group, * p<0.05, **p<0.01, ***p<0.001 vs sham)

Tung et al. Page 12

Endocrinology. Author manuscript; available in PMC 2008 January 17.

U
KPM

C
 Funders G

roup Author M
anuscript

U
KPM

C
 Funders G

roup Author M
anuscript



Figure 3.
The effects of repeated icv administration (once daily for three days, black arrows) of POMC-
derived peptide on cumulative food intake; (A) α-MSH, (B) γ-LPH, (C) β-MSH, (D) γ3-MSH
and (E) γ2-MSH. Again, 2 nmols of each peptide were administered to ad libitum fed mice one
hour before the onset of the dark cycle (n=6-8 per group, * p<0.05, **p<0.01, ***p<0.001
vs sham)

Tung et al. Page 13

Endocrinology. Author manuscript; available in PMC 2008 January 17.

U
KPM

C
 Funders G

roup Author M
anuscript

U
KPM

C
 Funders G

roup Author M
anuscript



Figure 4.
The effects of repeated icv dosing on body weight shown as total body weight (A) and
percentage of starting total body weight (B) over time. Arrows indicate timing of peptide
administration (n=6-8 per group* p<0.05, ***p<0.001 vs sham).
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Figure 5.
The effects of repeated icv administration (once daily for three days) of POMC-derived peptide
on body composition. (A) Total lean and fat mass assessed by DEXA (B) Total liver mass and
regional fat depot mass, meso=mesenteric fat, retro= retroperitoneal fat, gonad= gonadal fat,
subcut= subcutaneous, (n=6-8 per group, * p<0.05, **p<0.01 vs sham).
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Figure 6.
Pair-feeding Pomc-/- mice to the food intake seen following icv α-MSH. Arrows indicate timing
of peptide administration. This results in near-identical body weight loss (A- total body weight,
B- percentage of starting body weight) and similar body composition assessed by DEXA (C)
or analysis of regional fat depots (D). (n=6 per group, * p<0.05, **p<0.01, ***p<0.001 vs
sham).
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