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Peripheral glucose metabolism is controlled by hydrogen
peroxide-mediated hypothalamic glucose-sensing

P. Markkula, C. Yueh, M. Osundiji, S. Moore, J. Shaw, C. Riches,
T. Adeloye and M. Evans

Institute of Metabolic Science, University of Cambridge,
Cambridge, UK

There is increasing evidence that sensing of changes in blood
glucose in the brain, particularly in the hypothalamus, plays
a key role in controlling peripheral glucose homeostasis.
Hypothalamic levels of reactive oxygen species (ROS) have
been suggested to act as an indirect signal reflecting periph-
eral glucose levels, perhaps being generated by a glucose-
dependent increase in flux through the mitochondrial elec-
tron transport chain. ROS consist of a number of different
chemical compounds, including hydrogen peroxide which
has also been implicated as a physiological neurotransmit-
ter. We hypothesised, therefore, that lowering hypothalamic
HP would be detected by nutrient sensors as a fall in circu-
lating glucose and lead to a compensatory increase in
endogenous glucose production/ decrease in insulin sensi-
tivity.
To test this hypothesis, we performed 180 minute hyperin-
sulinaemic euglycaemic pancreatic clamps (infusion of insulin
2 mU/kg/min and somatostatin 3 μg/kg/min) on adult
Sprague Dawley rats with vascular and intracerebroventricu-
lar [ICV] catheters inserted 1 week previously under isoflu-
rane anaesthesia. On study days, starting 90 min prior to
clamps and then continuing until the end of studies, conscious
free moving animals received an ICV infusion into the third
ventricle of either the antioxidant catalase (to reduce hypo-
thalamic hydrogen-peroxide levels) (CAT, n=6) or vehicle in
controls (VEH, n=5).
Using this insulin clamp technique, plasma glucose levels were
adjusted to and maintained at equal levels of euglycaemia in
both groups of rats (6.0 ± 0.3 vs 6.1 ± 0.3 mM vehicle and cata-
lase infused rats respectively during the last 30 mins of clamps,
p = NS).
As shown in figure below, despite being maintained at equiv-
alent plasma glucose, the requirements for exogenous dextrose
infusion in the 2 groups were different. In keeping with our
hypothesis, whole body insulin-sensitivity, as gauged by the
dextrose infusion rates required to maintain euglycaemia dur-
ing last 30 minutes of clamp studies, was significantly reduced
in the ICV catalase group compared with vehicle controls
(p<0.05).
These data support our hypothesis that changing levels of
ROS in the hypothalamus, specifically levels of hydrogen per-
oxide, are a key physiological factor controlling plasma glu-
cose levels.

Figure shows significant reduction in dextrose infusion rates in ICV catalase
rats during last 30 min of euglycaemic clamp (mg/kg/min)
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The central effects of leptin are mediated partially by
pituitary adenylate cyclase activating polypeptide in the
ventromedial hypothalamic nucleus
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S. Luckman1

1Neuroscience, University of Manchester, Manchester, UK and
2Harvard Medical School, Boston, MA, USA

Energy homeostasis involves extensive interactions between
hypothalamic neuronal populations, and their communication
with both central and peripheral targets. The adipoctye-derived
hormone leptin, acts in the hypothalamus to control food intake
and energy expenditure. It is widely assumed that the major
site of leptin’s effects within the hypothalamus is the arcuate
nucleus. However, recently Dhillon et al. (2006) demonstrated
clearly the functional importance of another hypothalamic lep-
tin target, the ventromedial nucleus (VMN). The VMN has
important functions in controlling feeding, energy expendi-
ture and blood glucose levels. Even so, there is still little known
about the VMN cell types or transmitters involved. We have evi-
dence that pituitary adenylate cyclase-activating polypeptide
(PACAP), a neuropeptide that is strongly expressed in the VMN,
may have a significant role in leptin’s central actions.
Both leptin and PACAP dose-dependently decrease fast-induced
re-feeding in outbred CD1 mice when administered to freely
behaving animals via an ICV cannula inserted under isoflurane
1 week earlier. PACAP also has robust effects on metabolism,
increasing oxygen consumption and core-body temperature,
and induces c-Fos protein expression in discrete brain regions
associated with thermogenesis and appetite suppression. The
effects of PACAP appear to be mediated by PAC1 receptors
rather than VPAC receptors (that also bind vasoactive intestinal
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peptide), since they are blocked by the partially-selective PAC1
receptor antagonist, PACAP6-38. Moreover, our data indicate
that leptin-induced effects on feeding and body temperature
are significantly attenuated by pre-treatment with the PAC1
antagonist.
Semi-quantitative in situ hybridisation histology reveals that
PACAP mRNA expression in the VMN, but not elsewhere in the
forebrain, is regulated according to metabolic state. Either fast-
ing or genetic leptin deficiency, both states of hunger and
hypometabolism, are accompanied by a significant reduction
in the relative expression of VMN PACAP compared with con-
trols. Conversely, both high-energy diet and exogenous leptin
treatment increase PACAP mRNA. Furthermore, mice with
genetic VMN-specific deletion of leptin receptor also show
reduced PACAP in the VMN, along with a modestly obese phe-
notype. To further investigate the direct action of leptin on VMN
PACAP neurons we are examining endogenous PACAP and lep-
tin receptor expression, and c-Fos induction using dual in situ
hybridisation histological techniques. Together, these data
reveal a highly plastic system which may be essential for main-
taining normal energy homeostasis and modulating the cen-
tral actions of leptin.
Dhillon H et al. (2006). Neuron 49, 191-203.
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Noradrenaline differentially regulates neuronal excitability
in hypothalamic arcuate nucleus neurones in vitro

J.K. Virdee, M. van den Top and D. Spanswick

Warwick Medical School, University of Warwick, Coventry, UK

The hypothalamic arcuate nucleus (ARC) is a key central neu-
ral component of the homeostatic feedback systems respon-
sible for maintaining energy balance. Function-specific neural
populations within the ARC respond to signals of central and
peripheral origin indicating shifts in energy status, including
noradrenergic inputs originating from brainstem nuclei. We
have utilized whole-cell patch clamp recording techniques in
vitro, to investigate the role of noradrenaline (NA) in regulat-
ing neuronal excitability in these neurones.
Adult male Wistar rats were humanely killed by cervical dislo-
cation, in accordance with UK guidelines, and whole-cell record-
ings obtained from ARC neurones in hypothalamic slices as
described previously (van den Top et al., 2004).
Brief (5-15s), bath application of NA (40μM) induced mem-
brane depolarisation and increased electrical excitability in 51%
(88/172) of ARC neurons, including orexigenic NPY/AgRP neu-
rones (n=9), responses that persisted in TTX (n=12) suggest-
ing a direct effect. NA-induced excitation was associated with
increases (n=7; reversal potential -84.1 ± 5.3mV), decreases
(n=5; reversal potential -24 ± 2.9mV) or no change (n=10) in
conductance indicating inhibition of resting potassium and

activation of non-selective cation conductances underpin these
responses. Depolarising responses to NA were mimicked by
phenylephrine (10μM; n=14), completely blocked by prazosin
(200nM; n=16) and partly reduced by the α1a-adrenoceptor
antagonist RS 100329 hydrochloride (100nM; n=14) suggest-
ing excitation was mediated through α1-adrenoceptors, includ-
ing α1a. 15% (26/172) of ARC neurones, including 4/9 putative
anorexigenic cocaine-and-amphetamine regulated transcript
(CART)-expressing neurones, responded to NA with hyperpo-
larisation and reduced excitability, the remaining CART neu-
rones responding with excitation. 7.5% responded to NA with
biphasic inhibitory/excitatory responses. NA-induced inhibi-
tion was characterised by an increase in conductance, reversal
potential close to that for potassium (-83±7mV), that persisted
in TTX. NA-induced inhibition was mimicked by UK-14,304
(10μM; =12) and suppressed by idazoxan (200nM; n=4), indi-
cating a mechanism involving activation of α2-adrenoceptors
coupled to a potassium conductance.  
Taken together these findings suggest an orexigenic role for
NA in the ARC, through activation of α1 on NPY/AGRP and in
part through inhibition of anorexigenic CART-expressing neu-
rones. The functional significance of differential regulation of
CART neurones requires further clarification.
van den Top M, Lee K, Whyment AD, Blanks AM & Spanswick D. (2004).
Nat Neurosci 7, 493-494.
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Thyrotropin-releasing hormone excites hypocretin (orexin)
cells of the hypothalamus

A. Gonzalez and D. Burdakov
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The neuropeptide thyrotropin-releasing hormone (TRH) was
originally described as the hormone that regulates the hypo-
thalamus-pituitary-thyroid axis, but its additional role as a neu-
rotransmitter is now widely recognised. Central effects of TRH
include the regulation of energy balance and cognitive arousal
(1), though the mechanisms involved are not yet clear. A few
areas in the brain that express TRH send their projections to the
lateral hypothalamus, e.g. the dorsomedial hypothalamus (2).
The latter is critical for the temporal organisation of food
entrainment of circadian rhythms. On the other hand, the lat-
eral hypothalamus is the only brain region to contain hypocre-
tin (orexin) cells. These cells are essential for cognitive arousal
and feeding behaviour; their loss leads to obesity and nar-
colepsy, whereas their activation promotes wakefulness (3).
Considering that both TRH and hypocretin have a role in the
regulation of sleep and feeding, and that some of the affer-
ents to the lateral hypothalamus (where hypocretin cells are
located) arise from TRH-expressing areas, we tested the effects
of TRH on the activity of hypocretin cells.
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Primer sequence

Figure 1. Expression of nucleoside transporters in rat astrocytes in the pri-
mary culture. Figure shows an ethidium bromide stained gel. Primer
sequences and expected sizes of products are presented in the Table 1. Neg-
ative controls including both reverse transcriptase minus samples (RT-) and
water samples were negative (data not shown).

Parkinson FE & Xiong W (2004). J Neurochem 88, 1305–1312.

This work was supported with the Kuwait University Research
Grant No MY 01/05.
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Hypothalamic cytokine signalling pathways increase
following recurrent hypoglycaemia
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C. Riches1, P. Markkula1, L.K. Heisler2, G. Yeo1 and M. Evans1

1Institute of Metabolic Science, University of Cambridge,
Cambridge, UK and 2Dept of Pharmacology, University of
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Counterregulatory responses (CRR) to acute hypoglycaemia
may become impaired following exposure to recurrent hypo-
glycaemia. Current evidence suggests that the predominant
sites for hypoglycaemia sensing and/or triggering CRR are in
the hypothalamus. We hypothesised that impaired CRR devel-
ops through coordinated changes in gene expression in hypo-
thalamic pathways.
We created a rodent model of impaired CRR in catheterised
(inserted surgically under isoflurane anaesthesia 1 week prior
to studying) Sprague Dawley rats. One group (recurrent hypo
[RH], n = 4) underwent 3 days of sc regular insulin injections

(10, 8 and 6 units/kg on days 1 to 3) followed by a day 4
hyperinsulinaemic (20 mU/kg/min) hypoglycaemic clamp.
A second group (acute hypo [AH], n = 4) had 3 days of sc
saline followed by a day 4 hypoglycaemic clamp, while a third
control group also had 3 days sc saline followed by clamped
euglycaemia ([EU], n = 4). At 150 min, whole hypothalami
were removed, frozen for later RNA extraction etc and
expression analysis using Affymetrix rat 230 genome 2.0
chip. Genes showing significant change (using Genespring
GX- Agilent) were subjected to pathway analysis (Ingenuity
Systems).
We identified 116 and 103 genes which significantly increased
or decreased expression respectively in AH compared with
EU, a surprisingly high number considering that these groups
were treated identically except for 120 min of exposure to
different plasma glucose values on day 4 (fig below). Path-
way analysis suggested significant decreases (p<0.05) in AH
in glucocorticoid (GC), interleukin (IL) 6 and acute phase
response signalling. Looking then at the comparison between
acute and recurrent hypoglycaemia (AH vs RH), 143 genes
increased and 158 decreased. As a striking comparison when
compared with AH, pathways with significant increases in RH
(p<0.05) included GC, IL-6, IL-10, IL-2 and acute phase
response pathways.
Finally, given this analysis suggested coordinated changes in
hypothalamic cytokine/ inflammatory signalling and previous
data suggesting a role in the hypothalamus for the key inflam-
matory cytokine IL 1-beta in controlling peripheral metabo-
lism, we quantified IL-1B expression with RT-PCR. In keeping
with the broad patterns seen in microarray data, hypothalamic
IL1B expression was significantly higher in RH than AH (figure
below).
In summary, our data show that (1) even 120 min of hypogly-
caemia results in robust coordinated changes in hypothalamic
gene expression and (2) that marked differences exist in gene
expression between acute and recurrent hypoglycaemia in
cytokine/ inflammatory pathways. We speculate that that non-
neuronal cells- astrocytes and/or microglia- may contribute to
modulating neuronal glucose-sensing in the hypothalamus by
locally modulating cytokine/ inflammatory signalling.



Oral Communications

6P

Authors would like to thank Mrs U Unni, Dr G Lakshmi, Dr
Kishore for performing the Euglycemic hyperinsulinemic clamp
and analyzing the biochemical samples.

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.

C10 and PC20

A mismatched pre- and post-weaning diet has window of
exposure- and sex-specific effects on energy homeostasis,
adiposity and cardiovascular function in mice

D. Sellayah1, F.W. Anthony1, A.J. Watkins2, T.P. Fleming2,
M.A. Hanson1 and F.R. Cagampang1

1School of Medicine, University of Southampton, Southampton,
UK and 2School of Biological Sciences, University of Southampton,
Southampton, UK

Maternal diet during pregnancy and/or lactation plays a role in
inducing the offspring metabolic phenotype. We examined the
phenotypic outcome in offspring if they were fed a diet mis-
matched between pre- and postnatal life.
Pregnant MF-1 mice were assigned to either control (C, 18%
casein) or protein-restricted (PR, 9% casein) diet. PR dams were
further sub-divided into those fed the PR diet throughout preg-
nancy (PRP) or both pregnancy and lactation (PRPL). Weaned
offspring were then fed a high fat (HF, 45% Kcal fat) diet or stan-
dard chow (C, 21% Kcal fat) to adulthood. This generated six
experimental groups based on dam/offspring dietary con-
sumption: C/C, C/HF, PRP/C, PRP/HF, PRPL/C and PRPL/HF. Food
intake and body weight were monitored and blood pressure
was recorded by tail cuff plethysmography before animals were
sacrificed. Hypothalamic tissues and fat depots were then col-
lected for gene expression analysis by real time-PCR. Body
weight and food intake was analyzed by mixed model analysis.
All other data was analyzed by ANOVA with the appropriate
post hoc test. 
HF offspring were heavier vs. C animals, regardless of mater-
nal diet during pregnancy. However, PRPL/HF males were
lighter vs. C/HF group, but were significantly fatter (p<0.001).
The increased adiposity observed in PRPL/HF males was not
evident in the PRP/HF group. Daily energy intake was similar
for all groups except for the PRP/HF males, whose intake was
reduced by 20% vs. the PRP/C or C/HF groups (p<0.001).
PRP/HF males had reduced hypothalamic mRNA levels of genes
involved in appetite regulation, namely neuropeptide Y (NPY)
and the leptin receptor Ob-Rb, vs. PRP/C animals (p<0.001 and
p<0.05, respectively). These PRP/HF males also had reduced
expression of genes involved in thermogenesis, namely beta-
3 adrenergic receptor and uncoupling protein 1, in the inter-
scapulary brown adipose tissue vs. PRP/C animals (p<0.05).
These changes in gene expression were not observed in PRPL
offspring. Systolic blood pressure in all PR offspring was
greater by 16% and 10% in males and females, respectively,

vs. C offspring (p<0.05), and increased further (p<0.05) by
15% and 7% in the HF male and female offspring, respectively.
Our study shows that maternal protein restriction during preg-
nancy leads to sex–specific adaptive responses in male off-
spring, resulting in altered energy homeostasis following post-
weaning HF-feeding. Extending maternal protein restriction to
include the lactation period resulted in greater adiposity in the
HF-fed male offspring. Nevertheless post-weaning HF-feed-
ing exacerbated cardiovascular dysfunction in both male and
female offspring, regardless of whether maternal protein
restriction was imposed during pregnancy or both pregnancy
and lactation.
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Plasma cysteine and total body fat mass in humans

A. Elshorbagy1, E. Nurk2, C.G. Gjesdal3, G.S. Tell3, P.M. Ueland6,
O. Nygård5, A. Tverdal4, S.E. Vollset3 and H. Refsum1
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Background 
Cysteine is a non-essential sulfur aminoacid, synthesized from
methionine and homocysteine by the two sequential enzymes:
cystathionine beta synthase (CBS) and cystathionase. Plasma
total cysteine (tCys) concentrations are positively associated
with body mass index (BMI) in the general population [1], but
the direction of causality is unknown. 
Aim
To investigate whether the association of tCys with BMI is medi-
ated through body lean mass or fat mass, and to search the lit-
erature for underlying mechanisms.
Methods
The study included 5179 Norwegians (aged 46-73 y), recruited
from the general population in the Hordaland Homocysteine
Study [2], who underwent two assessments 6 y apart. Dual-
energy X-ray absorptiometry was performed at follow-up. Lin-
ear regression models and concentration-response curves were
used to investigate cross-sectional associations of tCys with
lean mass and fat mass with adjustments for potential con-
founders. We also investigated associations of baseline tCys
and change in tCys over 6 y with body composition at follow up 
Results
tCys was not associated with lean mass, but showed a strong
positive association with fat mass (partial r =0.25, P <0.001),
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with adjustment for age, sex and lean mass. tCys was the
strongest plasma variable associated with fat mass, stronger
than and independent of plasma lipids. Women in the highest
tCys quintile had fat mass 6 kg greater than that of women in
the lowest quintile (95% CI: 5, 7 kg), with adjustment for plasma
lipids, physical activity, and dietary fat, protein, and total energy
intakes. Corresponding values for men were 4 kg (95% CI: 3, 5
kg; P<0.001 for ANOVA across quintiles in both genders). A
higher baseline tCys and a rise in tCys over 6 y were both asso-
ciated with greater fat mass at follow-up (P<0.001 by linear
regression), with no effect on lean mass. 
Discussion 
Literature evidence points to tCys as a powerful but ignored
determinant of fat mass. Homocystinurics with genetic defi-
ciency of CBS enzyme (and hence decreased cysteine synthe-
sis) are thin and underweight [3], a feature not reported for
other types of homocystinuria, in which cysteine synthesis is
normal. In contrast, Down syndrome patients, having triple
copies of the CBS gene and elevated tCys, are overweight.
Dietary cysteine supplements enhance weight gain in cachec-
tic AIDS and cancer patients [4]: an effect generally attributed
to improved lean mass, but do we know? Dietary restriction
of the cysteine-precursor methionine reduces visceral fat mass
in rats [5]. Several early studies on rat adipocytes demonstrate
potent antilipolytic and lipogenic actions of cysteine.
Conclusions
Overall, our data and literature evidence suggest that cysteine
could be an important modulator of body fat mass in humans,
and if so, provides an attractive anti-obesity target.
[1] El-Khairy L, Ueland PM, Nygard O, Refsum H, Vollset SE.
Lifestyle and cardiovascular disease risk factors as determinants of total
cysteine in plasma: the Hordaland Homocysteine Study. The American
journal of clinical nutrition. 1999 Dec;70(6):1016-24.

[2] Refsum H, Nurk E, Smith AD, Ueland PM, Gjesdal CG, Bjel-
land I, et al. The Hordaland Homocysteine Study: a community-based
study of homocysteine, its determinants, and associations with dis-
ease. J Nutr. 2006 Jun;136(6 Suppl):1731S-40S.

[3] Kaur M, Kabra M, Das GP, Suri M, Verma IC. Clinical and bio-
chemical studies in homocystinuria. Indian pediatrics. 1995
Oct;32(10):1067-75.

[4] Tozer RG, Tai P, Falconer W, Ducruet T, Karabadjian A,
Bounous G, et al. Cysteine-rich protein reverses weight loss in lung can-
cer patients receiving chemotherapy or radiotherapy. Antioxidants &
redox signaling. 2008 Feb;10(2):395-402.

[5] Malloy VL, Krajcik RA, Bailey SJ, Hristopoulos G, Plummer JD,
Orentreich N. Methionine restriction decreases visceral fat mass and
preserves insulin action in aging male Fischer 344 rats independent of
energy restriction. Aging cell. 2006 Aug;5(4):305-14.
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Modulated skeletal muscle microRNA processing within the
invariant transcriptional landscape of type 2 diabetes
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C. Wahlestedt4 and B.K. Pedersen2
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Global transcript abundance profiling is a powerful systems
biology tool for mapping alterations in phenotype only when
careful consideration of the physiological context is maintained.
Herein we present the first robust global transcriptome analy-
sis of human skeletal muscle (vastus lateralis) in type 2 diabetes
from 118 subjects (type 2 diabetes (n=45), impaired glucose
tolerance (n=26) and normal glucose tolerance (n=47)). The
study and analysis was approved by the appropriate ethics com-
mittees and performed according to the Declaration of Helsinki.
Patients were free from diabetic treatment for 1 week prior to
assessment. RNA was isolated as previously described (Tim-
mons et al., 2007) profiled on the Affymetrix™ platform cov-
ering >47,000 mRNA sequences. We also utilized the TaqMan
microRNA (miRNA) real-time qPCR method, to determine the
expression of the muscle specific microRNAs (miR-1, miR-133a
and miR-206). Comprehensive microarray data analysis (SAM,
GSEA, PCA) demonstrated that the global type 2 diabetes mus-
cle transcriptome is invariant with respect to controls. Fur-
thermore, the expression of the mitochondrial OXPHOS gene-
set was identical between groups. Profiling of the muscle
specific non-coding RNAs, however, demonstrated substantial
modulation of these post-transcriptional RNA molecules. In
type 2 diabetes patients, miR-133a expression was reduced
(unpaired t-test) by a robust 5-fold (p<0.001) and miR-206
(p=0.04) was reduced by 2-fold. Northern analysis demon-
strated that only mature miRNA was readily detectable for miR-
133a. Importantly, miR-133a expression correlated (pearson)
with both short (fasting glucose R2=0.37, p<0.001) and longer
term (hbA1c R2=0.29, p<0.001) indices of impaired insulin
action. Transcript abundance from the genomic loci of miR-
133a demonstrated that primary precursor miRNA (pri-miRNA)
production in vivo varies distinctly between the co-located miR-
133a and miR-1 genes, yet are unchanged with respect to meta-
bolic status, suggesting that maturation of miR-133a is sub-
stantially altered in type 2 diabetes. Thus, contrary to recent
claims (relying on smaller, less well controlled patient groups
((Mootha et al., 2003; Patti et al., 2003)) we find that the type
2 diabetes skeletal muscle transcriptome is not characterized
by reduced OXPHOS gene expression, while it would appear
that inhibition of miRNA molecule production may be a post-
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Serotonin 2C receptor agonists improve type 2 diabetes via
central MC4R signaling pathways

L. Zhou2, G.M. Sutton3, J.J. Rochford4, R.K. Semple4, D. Lam1,4,
L.J. Oksanen5, Z.D. Thornton-Jones6, P.G. Clifton6, C. Yueh4,
M.L. Evans4, R.J. McCrimmon2, J.K. Elmquist7, A.A. Butler3 and
L.K. Heisler1,4

1Pharmacology, University of Cambridge, Cambridge, UK, 2Internal
Medicine, Yale Univeristy, New Haven, CT, USA, 3Pennington
BiomedicalResearchCenter,LouisianaStateUniversity,BatonRouge,
LA, USA, 4Institute of Metabolic Science, University of Cambridge,
Cambridge, UK, 5Medicine, Beth Israel Deaconess Medical Center,
Boston, MA, USA, 6Psychology, University of Sussex, Brighton, UK
and 7Internal Medicine, University of Texas Southwestern Medical
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The burden of type 2 diabetes and its associated premature
morbidity and mortality is rapidly growing, and the need for
novel efficacious treatments is pressing. We have shown that
serotonin 2C receptor agonists, typically investigated for their
anorectic properties, significantly improve glucose and insulin
tolerance in murine models of obesity and type 2 diabetes.
Importantly, these improvements in glucose homeostasis
occurred at concentrations of agonist which had no effect on
ingestive behavior, VO2, locomotor activity, body weight, or
fat mass. We determined that this primary effect on glucose
homeostasis requires downstream activation of central
melanocortin-4 receptors (MC4Rs), but not MC3Rs, and is asso-
ciated with MC4R-mediated stimulation of sympathetic pre-
ganglionic neurons in the spinal cord, increased insulin signal-
ing in liver and skeletal muscle, and inhibition of heptatic
gluconeogenesis at the transciptional level. These findings sug-
gest that pharmacological targeting of 5-HT2CRs may enhance
glucose tolerance independently of alterations in body weight,
and that this may prove an effective and mechanistically novel
strategy in the treatment of type 2 diabetes.

NIDDK, ADA, NIMH, Gates Cambridge Trust, Wellcome Trust
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Cardiovascular autonomic responses to hyperinsulinemia in
young adult males of normal and low body mass index

S. Sucharita1,2, A.V. Kurpad1,2, D. Srivatsa1,2, T. Raj1,2 and
M. Vaz1,2

1Department of Physiology, St John’s Medical College, Bangalore,
India and 2Core Physiological Laboratories, St Joh n ’ s Research
Institute, St Joh n ’ s National Academy of Health Sciences,
Bangalore, India

Background: Hyperinsulinemia is known to increase sympathetic
nervous system activity (1), although it is unclear if there is a dif-
ferential response to hyperinsulinemia in individuals who range

from low to normal BMI. Low BMI is an important public health
problem in the developing world, and may successful adapta-
tions to a habitually low energy intake may result in different
autonomic responses to stress. Approximately 30% of adults in
developing world have low BMI (2). We therefore evaluated
whether individuals of low BMI had differentiated autonomic
nervous response to hyperinsulinemia during controlled labo-
ratory conditions as compared with individuals of normal BMI.
Method: 51 young men (aged 18-35 years) were divided into
2 groups based on their body mass index. Normal BMI (n=23;
BMI,18.5-24.9 Kg/m2) and the low BMI (n=28; BMI, < 18.5
Kg/m2). All subjects underwent assessment of detailed anthro-
pometry, physical activity levels (PAL) and euglycemic hyper-
insulimeic clamp (HEC) (3). Lead II ECG and beat to beat blood
pressure (4, 5) was recorded during the HEC.
Results: Anthropometric parameters were significantly higher
in the normal BMI group as compared to Low BMI group (all
P<0.01). The PAL in the 2 groups was comparable. Fasting glu-
cose levels were comparable between the groups. Basal insulin
level and steady state plasma insulin values (average of 40 to
120 min) during HEC were significantly higher in normal BMI
compared to low BMI group (both p<0.05). However, insulin
sensitivity and glucose disposal rates during the HEC were sig-
nificantly higher in the low BMI group. Heart rate, diastolic BP
and systolic blood pressure increased in both the groups with
hyperinsulinemia but there were no difference in the magni-
tude of response between the two groups (Group x Time inter-
action; NS). LF-RR power (nu) increased and HF-RR power (nu)
decreased with hyperinsulinemia, resulting in a significant
increase in LF/HF ratio but with no between group differ-
ences.The low frequency component of the SBP, increased sig-
nificantly with hyperinsulinemia and there was a trend towards
a reduction in baroreflex sensitivity although this was not sta-
tistically significant. 
Conclusion: Cardiac sympathetic activity to hyperinsulinemia
increased in both low and normal BMI groups. However, there
were no between group differences. Earlier studies have sug-
gested that insulin sensitivity is a determinant of the sympa-
thetic response to hyperinsulinemia. The fact that the two study
groups had similar autonomic responses despite differences in
insulin sensitivity, suggests that there are factors other than
insulin sensitivity or body composition that determine auto-
nomic responses to hyperinsulinemia.
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