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C01 and PC01

Histamine and its role in the regulation of appetite

R.H. Clapp and S.M. Luckman

Faculty of Life Sciences, University of Manchester, Manchester,
Lancashire, UK

Food intake is essential to all animals. By ingesting food an ani-
mal obtains energy to survive. However, food intake must be
balanced with energy expenditure otherwise overeating results
in obesity. Due to the imbalance between energy intake and
output obesity has become is a major worldwide problem. We
aim to look at the effects of the central transmitter, histamine,
on appetite regulation by measuring feeding behaviour, the
induction of the functional marker c-Fos and the electrical activ-
ity of histamine responding neurones within the ventromedial
hypothalamus (VMN). Pharmacological studies suggest two
histamine receptors regulate food intake, H1R and H3R. Acti-
vation of central H1R and H3R leads to a decrease and an increase
in food intake, respectively. Our preliminary studies confirmed
that 200 nmol histamine given centrally via an intracerebral
guide cannula (implanted 1 week prior under 2% isofluorane in
O2 at 1 l/min anaesthesia) is a powerful anorexigen. Examining
the effects of H3R active drugs in rats revealed imetit, a H3R
agonist, caused hypophagia whilst the H3R inverse agonist thi-
operamide resulted in hyperphagia. Both thioperamide and
imetit can be blocked by proxyfan which, therefore, appears to
be acting as a neutral H3R antagonist. Interestingly murine stud-
ies showed both the H3R agonist and H3R antagonist caused a
decrease in night time feeding which contradicts previously
published research. Using c-Fos immunohistochemistry we
found the effects of histamine and H3R based drugs most likely
involve the major hypothalamic nuclei involved in homeosta-
tic regulation of body weight; namely the VMN, paraventricu-
lar, dorsomedial and arcuate nuclei. Furthermore, extracellu-
lar electrophysiological recordings in vitro demonstrate that
these effects are likely to be direct on the hypothalamus. For
example, histamine activates the majority of VMN neurones
(60%). By applying histamine with the H1R antagonist pyril-
amine, we have managed to diminish the excitatory actions
of histamine responding neurones within the VMN. We also
have evidence for local presynaptic H3R involvement. Our
results show that by applying thioperamide, a H3R antagonist,
we can mimic the actions of histamine causing an increase in
the firing rate of neurones within the VMN. Additionally, this
increase in neuronal firing caused by thioperamide application
can be blocked by applying pyrilamine. These results demon-
strate VMN H3R are presynaptic autoreceptors on histaminer-
gic afferents, rather than heteroreceptors modulating the
release of other transmitters. Finally we have found that the
neutral H3R antagonist proxyfan can attenuate the neuronal
response of thioperamide suggesting a direct H3R response.
Thus our data supports a role for histaminergic receptors,
including postsynaptic H1R and presynaptic H3R autoreceptors
in the VMN, to modulate feeding.

I would like to thank the BBSRC and Novo Nordisk for funding
my work.

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

C02 and PC02

Enteroendocrine cells in human intestinal inflammation

G.W. Moran and J.T. McLaughlin

School of Translational Medicine, University of Manchester,
Manchester, UK

Appetite is often reduced in patients with gastrointestinal
inflammation, but the precise biological basis for this is
extremely unclear. Gastrointestinal satiety signals are produced
by enteroendocrine cells (EEC), and signal to the brain to reg-
ulate food intake. Polypeptide YY (PYY) and glucagon like pep-
tide-1 (GLP-1) are secreted by L cells and suppress food intake,
probably physiologically. Recent animal model research has
suggested that immune-regulated upregulation of EEC plays
a mechanistic role in the appetite and feeding disturbance
observed during gut inflammation (1,2). This has not been
explored in humans: Crohn’s disease (CD) has been chosen as
an exemplar for this, in order to assess EEC and related mark-
ers in human intestinal inflammation. Endoscopic terminal ileal
biopsies were taken from CD patients with active intestinal
inflammation, sampling small and large bowel (SB and LB
respectively), and tissue from age/sex matched controls. Symp-
toms including appetite and satiety were quantified with vali-
dated visual analogue scores (VAS). EEC markers and tran-
scription factors were studied by immunohistochemistry and
quantitative polymerase chain reaction (qPCR). CD patients
with active inflammation displayed a ~6-fold significant reduc-
tion in basal appetite as measured by VAS (unpaired t-test; N=18
vs 13; p<0.0001). Inflammation was graded independently with
endoscopic, clinical, histological and biochemical scoring. GLP-
1 cells were significantly increased 2.5-fold in SB CD (unpaired
t-test; N=8 vs 11; p=0.04), while the general EEC marker chro-
mogranin A showed a 1.5 fold increase in expression. However,
PYY cell numbers were not significantly altered, with a trend to
decreased numbers. Phox2b (3), a neural transcription factor
associated with CD in a recent genome-wide association study,
was co-localised to EEC through dual immunofluorescence and
showed a 1.5-fold increase in SB CD compared to controls. At
mRNA level, significant increases were noted for Chromogranin
A (3.3-fold; Mann Whitney (MW) test; N=8; p=0.009), GLP-1
(MW test; N=8; 2.7-fold p=0.05), Ubiquitination protein 4a
(Ube4a) (MW test; N=8; 2.2-fold p=0.02). However PYY was
not significantly changed. Neurogenin 3, a NOTCH transcrip-
tion factor central to EEC differentiation showed ~2 fold-upreg-
ulation (MW test; N=8; p=0.04). These preliminary results show
that changes in EEC biology occur in CD, with differential effects
on specific cell lineages. This is compatible with a potential role
for EEC in appetite dysregulation in intestinal inflammation:
enhanced EEC activity may directly suppress appetite in such
patients through increased gut-brain signalling. It is now
planned to further dissect the signalling pathways implicated.
1. McDermott, J R., Leslie, F., D’Amato, M., Thompson, D., Grencis, R.,
McLaughlin, J. (2006) Immune control of food intake: enteroendocrine
cells are regulated by CD4+ T lymphocytes during small intestinal
inflammation. Gut; 55:492-497.

2. Wang. H., Steeds. J., Motomura. Y., Deng. Y., Verma-Gandhu, M.,
El-Sharkwawy, R., et al. (2007) CD4+ T cell-mediated immunological
control of enterochromaffin cell hyperplasia and 5-hydroxytryptamine
production in enteric infection. Gut; 56: 949-957.
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3. Rioux, J., Xavier, R., Taylor, K., Silverberg, M., Goyette, P., Huett, A.
(2007) Genome-wide association study identifies new susceptibility
loci for Crohn’s disease and implicates autophagy in disease patho-
genesis. Nature Genetics. Vol 39, No 5.

Mavis Rushton Bequest Fund

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

C03 and PC03

Hemopressin is a novel peptide ligand at CB1 cannabinoid
receptors that reduces appetite in rodents

G.T. Dodd1, G. Mancini2, B. Lutz2 and S.M. Luckman1

1Faculty of Life Science, The University of Manchester, Manchester,
UK and 2Johannes Gutenberg Institute, University of Mainz, Mainz,
Germany

Hemopressin is a short, nine-amino acid peptide, derived from
the alpha chain of haemoglobin, which has previously been
shown to cause negligible decreases in blood pressure and to
have non-opioid antinociceptive effects (Heimann et al. 2007).
Hemopressin acts in vitro to functionally antagonise CB1 recep-
tors, and to potentially behave as a CB1 inverse agonist. We
show that injection of hemopressin (peripheral (500 nmol/kg,
i.p.) or central (10 nmol/animal, i.c.v.); animals were implanted
stereotaxically with guide cannulae into the right lateral ven-
tricle (0.2 mm posterior, 1 mm lateral from bregma for mice,
and 0.8 mm posterior, 1.5 mm lateral from bregma for rats)
under 2% isoflurane in 1 l/min oxygen) causes a dose-depend-
ent decrease in normal, night-time feeding in outbred mice and
rats, occurring without disrupting the normal behavioural sati-
ety sequence, and without causing any obvious, adverse events
(Dodd et al. 2010). In fact, hemopressin-induced hypophagia
maintains the sequence, but surprisingly shifts it to the left, as
has been seen previously with physiological satiety factors. The
systemic route of administration was repeated in fasted wild-
type and CB1 receptor knockout mouse littermates. Firstly,
hemopressin (500nmol/kg, i.p.) decreased food intake in fasted
wildtype mice, showing that it is capable of overcoming a pow-
erful, natural orexigenic drive. Secondly, this response is lost in
the CB1-/- mice. Furthermore, hemopressin (10nmol/animal,
i.c.v.) can block CB1 agonist-induced hyperphagia (CP55940,
0.06 mg/kg, i.p.) in rats, providing further evidence for antag-
onism of the CB1 receptor in vivo (Dodd et al. 2009). We spec-
ulate that hemopressin may act as an endogenous peptide
antagonist at CB1 receptors, capable of modulating appetite
pathways in the brain.

Dodd GT et al. (2009). Neuroscience 163, 1192-1200.

Dodd GT et al. (2010). J Neurosci (in press).

Heimann AS et al. (2007). Proc Natl Acad Sci 104, 20588-93.

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

C04 and PC04

Altered pancreatic islet architecture in congenital
hyperinsulinism

M.S. Skae1,2, I. Banerjee2, R. Amin2, L. Patel2, C.M. Hall2,
P.E. Clayton2,3, M.J. Dunne1 and K.E. Cosgrove1

1Faculty of Life Sciences, University of Manchester, Manchester, UK,
2Department of Paediatric Endocrinology and Diabetes, Royal
Manchester Children’s Hospital, Manchester, UK and 3Faculty of
Medicine and Human Sciences, University of Manchester,
Manchester, UK

Introduction: Congenital Hyperinsulinism (CHI) is a disorder
of dysregulated insulin release and recurrent hypoglycaemia
caused by mutations in ABCC8 or KCNJ11 genes encoding sub-
units of ATP-sensitive potassium (KATP) channels. The pathol-
ogy of CHI is subdivided into focal or diffuse disease; the for-
mer characterized by islet cell proliferation with normal nuclei
and the latter showing islet cell hyperplasia and enlarged
nuclei. It has been recently shown that the architecture of
endocrine cells within islets is different in rodent and human
islets1. We aimed to study the distribution of α- and β-cells
in islet tissue isolated from 10 patients with focal or diffuse
CHI.
Methods: Resected pancreatic tissue from patients with focal
or diffuse CHI was collected and prepared for histological pro-
cedures. α- and β-cells were identified by standard immuno-
fluorescence (IF) protocols using glucagon and insulin anti-
bodies. To quantify differences in islet cell distributions, IF
images were analyzed for antibody optical density (OD) values
across the diameter of multiple individual islets using ImageJ
software. To compare OD values quantitatively between islet
peripheries and central core areas, OD values across each islet
were divided into quartiles and averaged. This resulted in two
average OD values for the periphery and two values repre-
senting core areas of each islet. OD values are expressed as
mean ± SEM.
Results: KATP channel mutations were identified in 9/10
patients (7 ABCC8, 2 KCNJ11). 5 patients had focal disease of
whom 1 had a mosaic de novo ABCC8 mutation. The remain-
ing 5 patients had diffuse CHI. IF image analysis showed
insulin-positive β-cells distributed throughout islets in all
patients with no differences between OD values of insulin
staining between core and peripheral islet regions (n=30
islets from 10 patients). However, marked differences in dis-
tributions of glucagon-positive α-cells were noted between
focal and diffuse pancreatic tissue. In focal tissue, mean
glucagon OD values for islet core areas were significantly
lower than in islet peripheries (1.1±0.1 vs. 1.3±0.1 OD units;
Student’s paired t-test; p<0.001; n=12 islets) demonstrat-
ing predominant α-cell distributions in islet peripheries. In
diffuse cases of CHI α-cells were distributed equally through-
out the islet (Student’s paired t-test; ns; n=15 islets). Both
distribution patterns could be observed in the mosaic case
and statistical analysis was not performed.
Conclusion: Our data indicate that in contrast to control and
diffuse CHI islets, glucagon-producing α-cells have a periph-
eral islet distribution in focal CHI tissue. This finding may reflect
differences in the ontogeny of pancreatic islet development in
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focal CHI and could have functional consequences for glucose
counter-regulatory responses.
1 Brissova M et al. (2005) Histochem Cytochem 53(9), 1087-97.

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

C05 and PC05

A conditional knock-out mouse model for XLαs; a signalling
protein involved in the suppression of metabolic rate and
energy expenditure

S.O. Krechowec and A. Plagge

Physiological Laboratories, University of Liverpool, Liverpool, UK

The regulation of energy homeostasis and an organism’s sub-
sequent adiposity and body weight is controlled by a highly
complex system of neural, endocrine and metabolic
processes which have only recently begun to be identified.
With the current epidemic in human obesity, research has
focused upon how the dysregulation of these inter-con-
nected physiological processes can cause obesity and on
identifying pathways that prevent or reverse obesity devel-
opment. The development of animal models provides essen-
tial tools for investigating the complex systems involved in
regulating energy homeostasis; one unique model is the XLαs
knock-out mouse. XLαs (eXtra Large αs) is an NH2-extended
variant of the ‘a-stimulatory’ subunit of the trimeric G-pro-
tein, Gαs, one of three proteins encoded by the complex
imprinted Gnas locus. At birth knock-out mice display poor
feeding, increased neonatal mortality and very limited adi-
pose development[1], while adult survivors go on to develop
a healthy exceptionally lean, insulin-sensitive, hypermeta-
bolic phenotype, weighing ~45% lighter with less than half
the body fat of wild-type controls and showing increased
sympathetic tone[2]. This knockout provides one of the few
lean mouse models and represents a valuable tool that can
be used to identify novel pathways involved in obesity pre-
vention or treatment. Given the highly complex phenotypes
generated by global gene knockouts a more refined condi-
tional approach is necessary to precisely identify the mech-
anisms arising from the temporal, tissue and cell-specific
effects of Gnasxl (XLαs) deletion. In this study we describe
the development of a novel, conditionally targeted Gnasxl
mouse model. In order not to interfere with the complex reg-
ulatory mechanisms of the imprinted Gnas locus, we
designed a conditional gene-trap approach. Tissue-specific
Cre expression causes an inversion of the gene-trap cassette,
resulting in truncation of XLαs and the formation of a lacZ
fusion protein. This conditional Gnasxl knock-out provides
the tool necessary to dissect the individual tissue-specific
mechanisms that contribute to the lean and hypermetabolic
phenotype exhibited by global Gnasxl knock-out mice.
Progress in the analysis of brain-specific XLαs deletions will
be presented.

1. Plagge, A., et al., The imprinted signaling protein XL alpha s is
required for postnatal adaptation to feeding. Nat Genet, 2004. 36(8):
p. 818-26.

2. Xie, T., et al., The alternative stimulatory G protein alpha-subunit
XLalphas is a critical regulator of energy and glucose metabolism and
sympathetic nerve activity in adult mice. J Biol Chem, 2006. 281(28):
p. 18989-99.

This work was funded by a grant from the Medical Research
Council of the United Kingdom.

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

C06 and PC06

Mildronate depletes carnitine in fast, intermediate and slow
twitch rodent skeletal muscle

C. Porter1, D. Constantin-Teodosiu1, S.M. Gardiner1,
B. Leighton2, S.M. Poucher2 and P.L. Greenhaff1

1School of Biomedical Sciences, University of Nottingham,
Nottingham, UK and 2Cardiovascular and Gastrointestinal Discovery
Department, AstraZeneca Pharmaceuticals, Cheshire, UK

Carnitine has two distinct metabolic roles in skeletal mus-
cle: (i) in translocating long-chain fatty acids across the
mitochondrial membranes for oxidation, and (ii) in main-
taining a viable mitochondrial free coenzyme A pool (1). Mil-
dronate administration has been shown to reduce heart and
liver carnitine concentration by inhibiting carnitine bio-
genesis and accelerating its renal clearance (2). Given that
>95% of the body’s carnitine store is located in skeletal mus-
cle, the aim of this present study was to investigate the
impact of oral mildronate administration on carnitine moi-
eties in skeletal muscles of differing fibre composition. Six-
teen male Wistar rats were randomly assigned to 2 groups
that received either drinking water (control, n=8) or drink-
ing water supplemented with mildronate (mildronate, n=8)
for 10 days (1,600 mg.kg-1 on days 1-2 and 800 mg.kg-1
thereafter). After 10 days, the extensor digitorum longus
(EDL), gastrocnemius (GAS), soleus (SOL) and tibialis ante-
rior (TA) muscles, selected for their different fibre compo-
sitions, were excised under terminal anaesthesia (sodium
pentobarbital, i.p. 120 mg.kg-1). Mildronate administration
resulted in a marked reduction in total carnitine (sum of free
and acyls) in all tissues (P<0.001), but the reduction in free
carnitine was particularly remarkable (P<0.001, Table 1).
This study has shown for the first time that mildronate
depletes free and total carnitine in fast twitch, intermedi-
ate and slow twitch rodent skeletal muscle fibres. Further-
more, this present study has demonstrated that oral admin-
istration of mildronate provides an ideal model to
investigate the significance of carnitine availability on meta-
bolic regulation and physiological function in skeletal mus-
cle in vivo.
Table 1. Muscle carnitine moieties in muscles of differing fibre compositions
from Han Wistar rats following 10 days of oral mildronate supplementation.
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Values expressed as means ±S.E.M. (n=8). Concentrations are expressed as
mmol.kg-1 of dry muscle. Mean values were compared using a Student’s
unpaired t test. *, *** Significantly different from the corresponding con-
trol group (P<0.05; P<0.001, respectively).

1. Stephens et al. (2007). J Physiol 581, 431-42.

2. Liepinsh et al. (2009). Basic Clin Pharmacol Toxicol 105, 387-94.

This study was funded by a BBSRC case award with AstraZeneca
pharmaceuticals.

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

C07 and PC07

Expression of 7TM chemo-sensors in isolated
enteroendocrine cells

M.S. Engelstoft, K.L. Egerod and T. Schwartz

Laboratory for Molecular Pharmacology, University of Copenhagen,
Copenhagen, Denmark

The secretion of peptide hormones from enteroendocrine cells
is controlled by a mixture of different stimuli: neurotransmit-
ters, neuropeptides, nutrients, metabolites and paracrine and
luminal messengers - most of which act through 7TM, G pro-
tein coupled receptors (1). Enteroendocrine cells have been iso-
lated and characterized based on genetic tagging using pro-
moter elements for GLP-1, GIP and ghrelin (2-4). Here,
enteroendocrine cells were isolated from transgenic mice
expressing GFP under the control of regulatory elements for
CCK and their expression of peptide precursors and 7TM recep-
tors were characterized by QPCR. Immunohistochemistry
demonstrated that the GFP expression was restricted to clas-
sical enteroendocrine cells which included CCK cells but which
was not restricted to these. QPCR analysis of isolated FACS puri-
fied cells showed that the GFP labelled cells besides CCK also
expressed for example somato-statin. A comprehensive QPCR
analysis of 7TM receptor expression demonstrated that this
mixed population of enteroendocrine cells – as expected -
expressed a number of proposed chemosensors for nutrients
and metabolites of which the short chain fatty acid receptor
GPR41 was very prominent along with the long chain fatty acid
receptors GPR40 and GPR120 as well as the proposed OEA
receptor GPR119 were highly enriched as compared to the ordi-
nary enterocytes. Certain, specific subtypes of monoaminer-
gic receptors were clearly, highly enriched as compared to oth-
ers from the same families – of these the 5HT5b receptor was
an unexpected curiosity. Among the neuropeptides receptors
the gastrin releasing peptide receptor (BB2) was – as expected
- highly enriched and, for example a high level of the galanin
R1 receptor expression was also observed. Among the recep-
tors for paracrine substances a number of different somato-
statin receptor subtypes were, for example, expressed in the
enteroendocrine cells. A number of orphan receptors were also
highly enriched in the enteroendocrine cells. 

It is concluded that even this rather mixed population of
enteroendocrine cells express a surprisingly selective reper-
toire of 7TM receptors and receptor subtypes. Some of these
have previously been shown also to be expressed in more pure
populations of enteroendocrine cells (2-4). It remains to be
shown which of these 7TM receptors will best serve as targets
for novel therapeutics to function as regulators of the release
of physiological mixtures of GI tract hormones.
M.Engelstoft et al. (2008) Cell Metab. 8: 447-49

F.Reiman et al. (2008) Cell Metab. 8: 532-39

Parker et al. (2009) Diabetologia 52: 289-98

Sakata et al. (2009) Reg.Pep. 155: 91-98.

Supported by grant from the Danish Medical Research Coun-
sil, The Novo Nordisk Foundation and the UNIK for FOOD, Fit-
ness and Pharma.

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

C08 and PC08

Voltage-gated ion channels in primary murine L-cells

G. Rogers, A. Ramzan, A. Habib, G. Tolhurst, F. Reimann and
F. Gribble

Cambridge Institute for Medical Research, University of Cambridge,
Cambridge, UK

Background and aims: Glucagon-like peptide-1 (GLP-1) is an
enteric hormone secreted by L-cells and is an attractive thera-
peutic target for the treatment of Type 2 Diabetes. Recently,
primary murine L-cells were shown to be electrically excitable,
firing action potentials in the presence of glucose, suggesting
that voltage-gated ion channels play an important role in stim-
ulus-secretion coupling in this cell type. The purpose of this
study was to identify the voltage-gated ion channels expressed
in murine L-cells and investigate their role in GLP-1 release.
Materials and methods: Transgenic mice expressing the Venus
fluorescent protein under the control of the proglucagon pro-
moter were used as a model system. Quantitative real-time PCR
(qPCR) was used to quantify the expression of voltage-gated
ion channels in Venus-expressing L-cells, purified by flow cytom-
etry. Standard whole-cell patch-clamp experiments and fluo-
rescence calcium imaging were performed on primary cultured
colonic L-cells, identified by their expression of Venus. GLP-1
secretion from primary cultures of adult mouse colon was meas-
ured by ELISA. Results: Results are expressed as mean ± SEM.
Whole-cell voltage-clamp recordings revealed large rapidly-
inactivating, tetrodotoxin (TTX)-sensitive sodium currents (-
850±123pA cell-1 at 0mV, n=9), which exhibited half maximal
activation at -17±1mV (n=9), and half-maximal inactivation at
-46±1mV (n=10). In agreement with these findings, qPCR analy-
sis showed that L-cells predominantly express scn3a (n=3),
which is a TTX-sensitive sodium channel isoform. In the pres-
ence of TTX (0.3μM), the residual inward current persisted in
the absence of Na+ (n=4) but was eliminated by 5mM Co2+,
strongly suggesting that this is a voltage-dependent Ca2+ cur-
rent (p<0.001 by Student’s t test, n=10). GLP-1 secretion in the
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presence of 75mM KCl was markedly inhibited by the L-type
Ca2+ channel blocker nifedipine (10μM; p<0.01 by Student’s t
test, n=5). Furthermore, this selective antagonist attenuated
KCl-induced elevation in [Ca2+]i, further confirming that murine
L-cells express L-type Ca2+ channels. Ω-Conotoxin MVIIC (1μM)
also reduced the secretion of GLP-1 (p<0.05 by Student’s t test,
n=6). Although this toxin is a recognised blocker of Q-type chan-
nels, it also non-selectively blocks N- and P-type channels. How-
ever, ω-Conotoxin GVIA (1μM) and ω-Agatoxin IVA (200nM),
which block N- and P-type channels respectively, had no effect
upon hormone release in the presence of KCl, indicating that
murine L-cells express Q-type Ca2+ channels. Conclusion: L-cells
are electrically excitable and changes in membrane potential
play an important role in the regulation of GLP-1 release by
opening voltage-gated Ca2+ channels. Improving our under-
standing of the stimulus-secretion coupling pathways in L-cells
will hopefully facilitate the development of novel therapeutics
for the treatment of Type 2 Diabetes.

Wellcome Trust

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

C09 and PC09

TGR5 mediated GLP-1 secretion

H. Parker

Cambridge Institute of Medical Research, Cambridge, UK

Background: The incretin hormone, GLP-1, is secreted from
intestinal L-cells in response to food ingestion, however little
is known about how L-cells detect luminal nutrients. Bile acids
are also released into the gut lumen in response to nutrients
and have been associated with glucose homeostasis and GLP-
1 secretion [1, 2]. The aim of this study was to investigate the
expression of the bile acid sensitive G-protein coupled TGR5
receptor in primary L-cells and its role in GLP-1 secretion. Mate-
rial and Methods: mRNA expression was analyzed by qRT-PCR
in L-cells purified from transgenic mice with fluorescently
labeled proglucagon-expressing cells [3]. GLP-1 secretion was
assayed in primary colonic cultures and GLUTag cells. FRET
based [cAMP]i and ratiometric [Ca2+]i imaging experiments
were performed on GLUTag cells. Results: TGR5 mRNA expres-
sion is highly enriched in L-cells compared to control intestinal
epithelial cells. The bile acids deoxycholic acid, lithocholic acid
and taurolithocholic acid (TLCA) and a TGR5 agonist increased
GLP-1 secretion from primary cultures and enhanced the glu-
cose-triggered response. In GLUTag cells, the GLP-1 secretory
responses to TLCA and the TGR5 agonist were attenuated by
TGR5 siRNA treatment. Consistent with the idea that TGR5 sig-
nals via Gs coupled pathways, the TGR5 agonist and TLCA ele-
vated [cAMP]i in GLUTag cells. The TGR5 agonist also elevated
[Ca2+]i and enhanced glucose-triggered [Ca2+]i responses, con-
sistent with previously observed responses of GLUTag cells to
elevated cAMP. Conclusion: Primary L-cells express the bile acid
sensitive TGR5 receptor, which may contribute to the incretin
response via the elevation of [cAMP]i and [Ca2+]i. The syner-
gistic stimulation of GLP-1 release may be possible by combined
activation of GPCRs and glucose-sensing pathways.

Thomas C, Gioiello A, Noriega L, Strehle A, Oury J, Rizzo G, Macchiarulo
A, Yamamoto H, Mataki C, Pruzanski M, Pellicciari R, Auwerx J & Schoon-
jans K (2009) TGR5-mediated bile acid sensing controls glucose home-
ostasis. Cell Metabolism, 10, 167-177.

Katsuma S, Hirasawa A & Tsujimoto G (2005) Bile acids promote
glucagon-like peptide-1 secretion through TGR5 in a murine enteroen-
docrine cell line STC-1. Biochemical and Biophysical Research Com-
munications, 329, 386-390.

Reimann F, Habib A M, Tolhurst G, Parker H E, Rogers G J & Gribble F M
(2008) Glucose sensing in L cells: a primary cell study. Cell Metabolism,
8, 532-539.

Supported by the Wellcome Trust, MRC and Lister Institute.

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

C10 and PC10

GPR119 activation integrates the secretion of
gastrointestinal peptides and islet hormones

K.K. Brown, D.K. Croom, A.J. Carpenter, J.A. McNulty,
A.A. Young, D.J. Nunez and P.L. Feldman

Enteroendocrine Research Unit, GlaxoSmithKline, Research Triangle
Park, NC, United States

GPR119 is mainly expressed in pancreatic islets and in the gas-
trointestinal (GI) tract. By immunohistochemistry, GPR119 co-
localizes with GIP and GLP-1 in K-cells and L-cells, respectively.
In islets, GPR119 appears to co-localize with pancreatic polypep-
tide in rodents, and in both β-cells and α-cells in rodents and
humans. We have previously demonstrated that GPR119 ago-
nists potentiate glucose stimulated insulin secretion in vivo and
in vitro, suggesting a role in coordinating secretion of enteroen-
docrine and islet hormones in response to ingested nutrients.
To evaluate the effect of activation of GPR119 on gut peptides,
male crl: SD (CD) rats were cannulated (under isoflurane (2% in
oxygen) anaesthesia) via the portal vein, recovered for 7 days
and tethered in custom cages to facilitate unperturbed sam-
pling. Rats received a single oral dose of a GPR119 agonist
(GSK706,n=8) or placebo (Pbo,n=7) one hour prior to the start
of the dark cycle and were followed for 24 hours. Measured ana-
lytes included plasma glucose (G), insulin, active(a) and total(t)
GLP-1, tGIP, tPYY, PP and glucagon.
Prior to the onset of feeding, there were no changes in analytes
in the Pbo group. In the agonist treated rats, mean glucose
decreased (~0.8mM by 30 minutes post-dose) while (a) and
(t)GLP-1, glucagon, tPYY and tGIP were significantly (p<.005
for all, Dunnett’s) increased 3, 3, 2.8, 2 and 1.5 fold over base-
line respectively with no change in PP. The elevation in glucagon
was transient returning to baseline 4 hours post dose. With the
onset of feeding, G increased modestly in both groups (~
1.1mM) and there were no treatment-related changes in plasma
insulin. Compared to the other analytes, tGIP increased most
robustly in both groups with the onset of feeding (2.3 and 3.8
fold, Pbo and agonist, respectively). During feeding, the
changes in all other peptides measured with Pbo were < 1.5 fold
and all returned toward baseline values at the end of the dark
cycle. In contrast, treatment with the agonist was associated
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with sustained significant increases compared to Pbo in (a) and
(t) GLP-1, tGIP for 24 hours post dose. tPYY remained elevated
compared to Pbo only during feeding.
Perfusions in situ of isolated gut segments with GSK706 in anes-
thetized (ketamine/xylazine) male crl: SD (CD)rats enabled
assessment of the relative contribution of each segment to por-
tal appearance of total GLP-1, GIP, and PYY in the absence of
nutrients. Within 5-10 minutes after the start of the perfusion
there were rapid and robust increases in tPYY and tGLP-1 dur-
ing perfusion of the duodenum, lesser change with colonic per-
fusion, and little with perfusion of jejunum or ileum. There was
little change in GIP. 
The rapid effects of GPR119 agonism to prime K- and L-cell
secretion in concert with islet hormone secretion suggests a
role for GPR119 signalling in nutrient sensing and disposal.

Thanks to Paul Novak.

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

C11 and PC11

Role of lysophosphatidylcholine in GIP secretion by primary
K-cells

E. Diakogiannaki, F.M. Gribble and F. Reimann

Clinical Biochemistry, University of Cambridge, Cambridge, UK

Background and aims: Glucose-dependent insulinotropic
polypeptide (GIP) is a hormone secreted by enteroendocrine
K-cells found in highest density in duodenal and jejunal epithe-
lium. Apart from being a critical regulator of insulin secretion,
GIP modulates pancreatic beta-cell proliferation and survival,
and controls dietary fat metabolism. It is secreted in response
to the presence of nutrients in the gut lumen and particularly
ingested lipids. The aim of this study was to investigate the
effects of lipid micelles on GIP secretion by K-cells. Results:
Experiments were performed on primary cultures of murine
duodenal epithelium and the enteroendocrine model cell line
STC-1. To simulate the conditions epithelial cells experience
after a lipid rich meal, “post-prandial micelles”, comprised of
oleic acid (200μM), 2-monooleoyl glycerol (70μM), L-α-
lysophosphatidylcholine (LPC) (70μM), cholesterol (17μM) and
taurocholic acid (TC) (700μM), were applied. Both primary and
STC-1 cells responded to lipid micelles by secreting enhanced
amounts of GIP (9.2 fold and 3.1 fold stimulation, respectively
compared to baseline, p<0.001 for both). The stimulation of
GIP secretion by lipid micelles was not attributable to cell lysis,
as monitored by lactate dehydrogenase activity released into
the supernatant. Fluorescence calcium imaging measurements
in STC-1 cells, following loading with Fura-2AM, demonstrated
elevations in intracellular calcium in response to lipid micelles
(R340/380 increased 1.8 fold compared to baseline p<0.001
n=104).
To investigate the relative importance of the different micellar
lipids for the secretory response a series of experiments was
performed omitting individual components. Exclusion of LPC
significantly reduced secretory responses in both primary and
STC-1 cells (46% in primary cells n=7 p<0.05; 22% in STC-1 n=12,

compared to stimulation by micelles containing LPC). Replace-
ment of LPC with phosphatidylcholine (PC) could not com-
pensate (1.14-fold stimulation by micelles containing PC in pri-
mary cells; n=4). LPC (in the presence of 700μM TC) promoted
the release of GIP in a dose dependent manner over the range
of concentrations between 1-100μM. Both in the presence and
absence of TC, 70μM LPC stimulated reversible rises in the
cytosolic Ca2+ and cAMP concentration monitored in STC-1
cells preloaded with Fura2 or transfected with a Epac2-based
FRET-sensor respectively. Conclusion: Lipid micelles stimulate
GIP secretion from primary murine cultures and STC-1 cells.
One of the components, LPC, enhanced intracellular concen-
trations of calcium and augmented levels of intracellular cAMP
suggesting the involvement of Gs protein- mediated signaling.

This projected was funded by Wellcome Trust

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

C12 and PC12

Ileal administration of zein hydrolysate stimulates glucagon-
like peptide-1 secretion and attenuates hyperglycaemia
induced by intraperitoneal glucose administration in rats

T. Hira, T. Mochida and H. Hara

Research Faculty of Agriculture, Hokkaido University, Sapporo, Japan

Glucagon-like peptide-1 (GLP-1) is one of the incretin hormones
that enhance insulin secretion from pancreatic beta cells. GLP-
1 is secreted from enteroendocrine L cells mainly located in the
distal small intestine, in response to nutrient ingestion. We
recently demonstrated that a protein hydrolysate prepared
from corn zein (ZeinH) strongly stimulates GLP-1 secretion from
rat small intestine under anaesthesia (Hira et al. 2009). In this
study, we examined whether ZeinH administered into the ileum
induces GLP-1 secretion and affects glycaemia in conscious rats
during a glucose tolerance test.
Silicone catheters (1 mm diameter) were inserted into the jugu-
lar vein and the ileum of male Sprague-Dawley rats (250-300
g) under anaesthesia with sodium pentobarbital (40 mg/kg
i.p.). After 2-3 days recovery an intraperitoneal glucose toler-
ance test was performed in conscious rats. Water (2 ml), ZeinH
solution (500 mg in 2 ml) or meat hydrolysate (MHY) solution
(500 mg in 2 ml) were administered into the ileum through the
catheter at -30 min. Glucose (1 g/2 ml/kg body weight) was
injected intraperitoneally 30 min after the ileal administration
of test liquids. Blood samples were collected from the jugular
catheter before the ileal administration (-30 min) and 0, 15, 30
and 60 min after glucose injection. Glucose, insulin, total GLP-
1 and active GLP-1 were measured in plasma.
Peak plasma glucose levels in ZeinH-treated rats (178.7 ± 15.7
at 15 min, n=6, means ± S.E.M.) were significantly lower
(P<0.05, Fisher’s PLSD test) than those in water-treated rats
(266.9 ± 33.7 at 15 min, n=7). Glucose levels in MHY-treated
rats (n=6) were not significantly lower than those in water-
treated rats. Insulin secretion was enhanced by ileal adminis-
tration of ZeinH, but not by MHY. From these results, it was pre-
dicted that GLP-1 secretion would be induced by ileal ZeinH but
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not by ileal MHY. However, total GLP-1 levels were increased by
both treatments. In addition, GLP-1 increments at 0 min (+0.64
± 0.13 in ZeinH group and 0.40 ± 0.01 nM in MHY group) and
30 min (+0.62 ±0.20 in ZeinH group and 0.49 ±0.07 nM in MHY
group) were significantly higher (P<0.05, Fisher’s PLSD test)
than those in water-treated rats (-0.10 ± 0.17 nM at 0 min and
0.03 ±0.24 nM at 30 min). In contrast to total GLP-1, active GLP-
1 levels were significantly increased (P<0.05, Fisher’s PLSD test)
only in ZeinH-treated rats (from 6.02 ± 2.62 pM at -30 min to
17.32 ±3.50 pM at 0 min). These results demonstrate that ileal
administration of a protein hydrolysate, ZeinH induces GLP-1
secretion and attenuates hyperglycaemia, and suggest that the
activity of secreted GLP-1 is retained following ZeinH but not
after MHY administration.
Hira et al. (2009) Am J Physiol Gastrointest Liver Physiol 297: G663-G671.

This work was supported by KAKENHI (19380071).

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

C13 and PC13

Inhibition of GIP and GLP-1 secretion through Gi-coupled
receptor activation

C.E. Moss, A.M. Habib, F.M. Gribble and F. Reimann

Clinical Biochemistry, University of Cambridge, Cambridge, UK

Background and aim:Glucose-dependant insulinotropic
polypeptide (GIP) is released in response to nutrient ingestion
from specialised enteroendocrine cells (K-cells) scattered
throughout the proximal gut epithelium. As an incretin GIP
stimulates insulin secretion from the pancreatic β-cell, and
together with the other incretin (glucagon-like peptide 1 (GLP-
1) secreted from L-cells) is responsible for ~50% of insulin release
following oral glucose administration. In addition GIP has been
postulated to link over nutrition to the development of obe-
sity, as pharmacological or genetic interference with GIP sig-
nalling proved protective in several rodent obesity models. The
aim of this study was to investigate if GIP secretion can be inhib-
ited through activation of Gi-coupled receptors. Results: Using
recently developed transgenic mice with fluorescently labelled
K- or L-cells, expression of Gi-coupled receptors was investi-
gated by hybridising mRNA isolated from FACS sorted K-cells,
L-cells or non-fluorescent cells from these sorts to Affymetrix
430 2.0 chips. The cannabinoid receptor 1 (Cnr1) mRNA was
found to be highly enriched in both small intestinal K- and L-
cells relative to the non-fluorescent cells, while it seemed to be
absent from colonic L-cells. By contrast, somatostatin receptor
5 (SstR5) seemed to be highly expressed in both small intes-
tinal and colonic L-cells and to a lesser extent in K-cells. To inves-
tigate if stimulation of these Gi-coupled receptors affects
incretin release, secretion experiments were performed on pri-
mary murine cultures of epithelial cells from the duodenum
(top ten cm of intestine) and the colon/rectum. GIP and GLP-1
secretion, assayed by ELISA, was stimulated by 10 mM glucose
+ 100 μM 3-isobutyl-1-methylxanthine (IBMX). Addition of 100

nM somatostatin inhibited both GIP (61±0.2% n=10) and GLP-
1 (≥89% n=9) secretion from small intestinal cultures and GLP-
1 secretion from colonic cultures (52±0.6% n=9), an effect par-
tially suppressed by coincubation with a SSTR5 selective
antagonist. Addition of the CB1R agonist methanandamide (10
μM) attenuated GIP secretion (58±0.3% n=7) and this inhibi-
tion was completely suppressed by the concomitant presence
of the antagonist AM251 (1 μM; n=7). AM251 alone was with-
out effect on either basal or stimulated GIP secretion. Neither
methanandamide nor AM251 did affect GLP-1 secretion from
either duodenal or colonic cultures. Conclusions: Somatostatin
inhibits the secretion of both incretins partially through the
activation of SSTR5. GIP secretion can be inhibited by CB1R-
activation, which somewhat surprisingly did not affect GLP-1
secretion. The absence of AM251 effects on basal and stimu-
lated secretion argues against a tonic inhibition of K-cells by
endocannaboids.

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

C14 and PC14

Preproglucagon neurons project heavily to autonomic
control regions of the CNS

S. Trapp1, F. Reimann2, F.M. Gribble2 and I.J. Llewellyn-Smith3

1Department of Surgery and Cancer, Biophysics Section, Imperial
College London, London, UK, 2Cambridge Institute for Medical
Research, Cambridge University, Cambridge, UK and 3Departments
of Medicine and Physiology, Flinders University, Bedford Park, SA,
Australia

Receptors for glucagon-like peptide 1 (GLP-1) are found in many
brain regions. Central application of GLP-1 or its analogue
exendin-4 inhibits food intake and reduces blood glucose lev-
els. Activation of central GLP-1 receptors also increases blood
pressure and heart rate. The only endogenous sources of GLP-
1 within the CNS are preproglucagon (PPG) neurons. We sug-
gest that these central GLP-1 neurons modulate sympathetic
and vagal outflow. As one step in testing this hypothesis, we
analysed the projections of YFP-tagged PPG neurons to key CNS
sites involved in autonomic control. 
Coronal sections from transgenic mice expressing YFP under
the control of the PPG promoter were revealed with an anti-
GFP antibody and avidin-biotin-peroxidase. The distribution of
immunoreactive cell bodies and fibres was analysed from the
anterior commissure to the spinomedullary junction. 
YFP-immunoreactivity was intense and axons were clearly vis-
ible. YFP-immunoreactive cell bodies were located in the cau-
dal brainstem, primarily within the caudal nucleus tractus soli-
tarius (NTS). Additional somata were observed in the
intermediate reticular nucleus, at the ventral border of the
hypoglossal nucleus and in the raphe obscurus. The caudal NTS
contained a dense network of dendrites, some of which
extended into the area postrema (AP). Immunoreactive axons
were widespread throughout the NTS, the dorsal vagal nucleus
and the reticular nucleus (except for the parvicellular section)
but more limited within the hypoglossal nucleus and the pyr-
amids. The AP, rostral ventrolateral medulla, pontine central
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grey, parabrachial nucleus and locus coeruleus were moder-
ately innervated and some axons extended into the amygdala.
In contrast, dorsomedial and paraventricular hypothalamus,
periaqueductal grey and the paraventricular nucleus of the thal-
amus exhibited heavy innervation with YFP-immunoreactive
axons. 
These results demonstrate that PPG neurons innervate prima-
rily brain regions involved in autonomic control. Our data also
show that YFP-PPG neurons in the mouse project more widely
than GLP-1 immunoreactive neurons in the rat. This finding
highlights the greatly increased sensitivity provided by
immunohistochemical detection of neurochemically distinct
populations of neurons that have been genetically modified
to express GFP or a GFP analogue. Hence, central PPG neurons
are in a prime position to modulate sympathetic and parasym-
pathetic outflow through input at a variety of central locations.

Supported by the Medical Research Council.

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

C15 and PC15

L-Glutamine stimulates the release of GLP-1 from primary
murine L-cells

G. Tolhurst, H. Parker, Y. Zheng, F. Reimann and F. Gribble

Clinical Biochemistry, University of Cambridge, Cambridge, UK

Glutamine has been shown to elevate plasma levels of the
incretin hormone, GLP-1, in human subjects (1). The mecha-
nisms behind glutamine-evoked GLP-1 release have previously
been investigated using the model cell line, GLUTag (2), but
remain poorly defined. This project has sought to clarify the
validity of this cell model whilst further elucidating the path-
ways behind glutamine-induced GLP-1 secretion. Calcium imag-
ing and static secretion experiments were performed on colonic
cultures from adult transgenic mice expressing the fluorescent
protein, Venus, driven by the proglucagon promoter. GLP-1
release was measured from 24hr old cultures and fura2 loaded
cells were monitored in real time to track intracellular Ca2+ lev-
els in individual identified L-cells. Real time intracellular cAMP
levels were investigated in GLUTag cells transfected with a cAMP
FRET sensor. A range of L-amino acids and meAIB, a specific sub-
strate of system A transporters (SNAT), elevated Ca2+

i to com-
parable levels in primary L-cells. The glutamine-evoked Ca2+

response was shown to be dependent on Na+
o (n=8, p<0.01).

However, only glutamine (Gln), asparagine (Asn) and pheny-
lalanine (Phe) stimulated a significant release of GLP-1 from the
cultures (n=9, p<0.05), with Gln elevating GLP-1 levels signifi-
cantly higher than Asn and Phe (n=9, p<0.01). Gln triggered
the release of GLP-1 in a dose-dependent fashion with an EC50
of 0.1 mM (n=6), comparable to that seen in GLUTag cells (2).
The response was attenuated ~20% by the inhibition of either
L-type voltage gated Ca2+ channels or TTX-sensitive Na+ chan-
nels (n=9, p<0.01). In addition, Gln stimulated secretion via a
mechanism that was downstream or independent of membrane
depolarisation-evoked Ca2+ entry (n=6, p<0.01). Antagonising

components of the Gq pathway were without effect as was inhi-
bition of a range of Gln-dependent metabolic pathways. In the
GLUTag cell line, both Gln and Asn triggered a transient rise in
cAMPi (n=21-66, p<0.001), which was independent of Na+

o
(n=15-36). Together, these data suggest a role for SNAT in the
release of GLP-1. The coupled Na+ entry accompanying Gln
influx, depolarises the membrane, triggering action potentials
and Ca2+ entry via L-type Ca2+ channels. However, this pathway
alone is not sufficient to stimulate secretion of GLP-1, given the
lack of effect of meAIB. In addition, Gln elevates intracellular
cAMP levels, a known and potent signalling pathway in
enteroendocrine cells, thus potentiating the secretory response.
The findings validate the use of GLUTag cells for the study of
GLP-1 secretion in relation to the sensing of L-Gln. The ability
of amino acids to modulate cAMPi suggests the involvement
of an amino acid-sensitive plasma membrane receptor, the
molecular identity of which is under current investigation.
Greenfield JR et al. (2009). Am J Clin Nutr. 89:106-13.

Reimann F et al. (2004). Diabetologia. 47:1592-601.

Supported by the Wellcome Trust, MRC and Lister Institute.

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

C16 and PC16

CCK-stimulation of GLP-1 neurons involves α2 adrenergic
receptor activation

K. Hisadome1, F. Reimann2, F.M. Gribble2 and S. Trapp1

1Department of Surgery and Cancer, Biophysics Section, Imperial
College London, London, UK and 2Cambridge Institute for Medical
Research, University of Cambridge, Cambridge, UK

Cholecystokinin-octapeptide (CCK-8) is released from the gut
postprandially and inhibits food intake. Peripheral application
of CCK-8 activates c-FOS in the vagal complex. Immunohisto-
chemical characterisation of these c-FOS-positive cells revealed
that these include catecholaminergic and glucagon-like-pep-
tide 1 (GLP-1) producing pre-proglucagon (PPG) neurons. Hind-
brain catecholaminergic neurons have been implicated in glu-
coprivic feeding and GLP-1 injected into the brain causes satiety.
In order to analyze functional effects of CCK-8 and cate-
cholamines on PPG neurons we used transgenic mice express-
ing YFP under PPG promoter control, thus allowing patch-clamp
recordings from PPG cells identified by fluorescence. 
Coronal slices (200μm) were obtained from adult transgenic
mice after halothane anaesthesia. Perforated patch-clamp (cur-
rent clamp) and conventional whole-cell (voltage clamp)
recordings were performed on PPG neurons under visual con-
trol at 32°C.
In current-clamp, 10 μM adrenaline (AD) and 100 μM nora-
drenaline (NA) increased action potential firing rate (by 58±14
% and 85±37 %, respectively), but had no effect on membrane
potential and conductance. In voltage-clamp, AD and NA
increased the frequency of spontaneous excitatory synaptic
currents (sEPSCs). Kynurenic acid (1mM) reduced the frequency
of sEPSCs from 2.4±0.5 Hz to 0.2±0.04 Hz and blocked the AD-
induced increase in sEPSC frequency (n=5). The AD effect was



Abstracts

26

9P

Oral Communications

also prevented by the α2 receptor antagonist yohimbine (n=5).
TTX reduced sEPSC frequency from 3.0±0.6 Hz to 0.7±0.1 Hz
in 15 out of 24 PPG cells and blocked the effect of AD. In the
remaining 9 PPG neurons TTX did not affect sEPSC frequency
and the AD effect remained in 5 of these cells. 100 nM CCK-8
increased the frequency of sEPSCs by 79±1 % in 3 out of 8 cells
tested. Yohimbine (10 μM) blocked this response in all 3 cells. 
PPG neurons do not receive a direct adrenergic input, but their
glutamatergic input is modulated by α2-adrenergic receptor
activation. This modulation takes place at either of two sites:

at the glutamatergic synapse (TTX-resistant) or distant from
the synapse (TTX-sensitive). CCK-8 stimulation of PPG neurons
is indirect and involves activation of α2-adrenergic receptors,
thus suggesting that catecholaminergic neurons are essential
for the effect of CCK on PPG neurons.

Supported by the Medical Research Council

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.
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The physiological role of thyroid hormone in the
hypothalamic ventromedial nucleus

J.R. Counsell, E. Richardson, J.V. Gardiner and S.R. Bloom

Medicine, Imperial College, London, UK

The hypothalamo-pituitary thyroid (HPT) axis serves to main-
tain appropriate systemic levels of thyroid hormone (TH)
through a negative feedback pathway via the hypothalamic
arcuate and paraventricular nuclei. However, the effects of TH
in other hypothalamic regions are poorly understood. Tri-
iodothyronine (T3) administration to the hypothalamic ven-
tromedial nucleus (VMN) induces a potent hyperphagic
response (1), although it is unclear whether this is part of a novel
physiological pathway or simply an additional component of
the HPT axis. This research investigates the physiological role
of TH in the VMN through the use of a recombinant adeno-asso-
ciated virus (rAAV) designed to locally inactivate TH. Activation
and inactivation of TH is mediated by the iodothyonine deiod-
inases (D1, D2, and D3), where D2 functions to deiodinate
tetraiodothyronine (T4) to produce the active T3 hormone, and
D3 is the inactivating enzyme. A plasmid encoding D3 cDNA
under the control of a CMV promoter was packaged into rAAV
to generate a viral titre capable of over-expressing D3 (rAAV-
D3). Anaesthetised male Wistar rats (isofluorane (2%) in O2, plus
buprenorphine s.c. (45mg/kg)) received bilateral stereotactic
injections of either rAAV-D3 (n=13) or rAAV-GFP (n=11) into the
VMN. Both groups were dissected 78 days after surgery. Over-
expression of D3 in rAAV-D3 treated rats was confirmed by
QPCR, which demonstrated a 10 fold increase in hypothalamic
D3 mRNA (P=<0.001) in comparison to rAAV-GFP controls. Fur-
thermore, the enzymatic activity of D3 was increased in whole
hypothalamic samples (P=0.31), whilst D2 activity was unaf-
fected (P=0.92). This was accompanied by up-regulation of the
T3 transporter, MCT8 (P=0.15), suggesting a reduction in neu-
ronal T3 content. Plasma levels of free T3 (P=0.95) and free T4
(P=0.82) were not altered, however plasma insulin (P=0.38) and
leptin (P=0.20) were reduced by rAAV-D3 treatment, thus sug-
gesting that local inactivation of T3 in the VMN directly modu-
lates peripheral metabolism without affecting the HPT axis.
Kong WM, Martin NM, Smith KL, Gardiner JV, Connoley IP, Stephens DA
et al. (2004). Triiodothyronine stimulates food intake via the hypo-
thalamic ventromedial nucleus independent of changes in energy
expenditure. Endocrinology 145, 5252-5258.

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.
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Central cannabinoid signalling in the rat: a pharmacological-
challenge MRI and functional histology study

G.T. Dodd, J.A. Stark, S. Williams and S.M. Luckman

Faculty of Life Science, The University of Manchester, Manchester, UK

Endocannabinoids have a variety of effects by acting on CB1
receptors located throughout the brain. The presynaptic loca-
tion of CB1 receptors and differences in the strength of nega-
tive coupling means that expression studies alone do not pro-
vide the basis for interpreting site of action. Likewise, to date,

most functional studies have used high drug doses which can
bias results toward non-relevant adverse effects, and which
mask more behaviourally-relevant actions. To better define
sites of action of cannabinoids we have combined blood-oxy-
gen-level-dependent (BOLD) pharmocolgical-challenge mag-
netic resonance imaging (phMRI) with whole brain c-Fos func-
tional activity mapping to characterise structures responsive
to behaviorally- relevant orexigenic or anorectic doses, respec-
tively, of a CB1 agonist (CP-55940, 0.06mg/kg; i.p.) and an
inverse agonist (Rimonabant, 0.1mg/kg, i.p.). We also demon-
strate the use of a new fMRI analysis tool, which determines
regions where the drugs functionally antagonise each other. 
For phMRI, rats were imaged using a T2*-weighted gradient
echo in a 7T magnet for 70 mins under α–chloralose anaes-
thesia (30 mg/kg/h i.v.), while those for immunohistochem-
istry were unanaesthetised and freely behaving. These com-
plementary methods demonstrated functional activity in the
cortico-striatal-hypothalamic pathway which is key to the moti-
vational drive to eat. Furthermore, regions of this pathway
affected by CP-55940 were functionally antagonised by co-
administration of Rimonabant.
These results provide strong evidence for target sites of cannabi-
noid signaling with whole brain coverage, and identify com-
mon neuronal substrates underlying cannabinoid central
effects, elucidating potential targets for the development of
viable, cannabinoid-based therapies.

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.
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Long day length potentiates leptin secretion in female Wistar
rats

H. Kelestimur1, M. Ozcan1, E. Alcin1, B. Yilmaz2, E. Kilic2 and
A. Ayar3

1Firat University, Elazig, Turkey, 2Yeditepe University, Istanbul,
Turkey and 3Karadeniz Technical University, Trabzon, Turkey

Leptin is predominantly secreted by adipocytes and plays a cen-
tral role in the regulation of energy homeostasis and food
intake. Additionally, leptin is implicated in other physiological
processes, including mainly reproductive functions by provid-
ing a link between metabolic status and related hypothalamic
areas. It is proposed that leptin provides information to the
brain that there are enough energy stores for reproductive func-
tions, and may be a major determinant or only a permissive fac-
tor of the timing of puberty. Our previous studies showed that
serum leptin levels were significantly elevated in the pinealec-
tomised rats, and were suppressed by exogenous administra-
tion of melatonin. Day length (DL) can affect leptin secretion
by modulating melatonin secretion and therefore leptin-reg-
ulated physiological functions. The aim of this study was to
investigate the effect of a long DL cycle on serum leptin levels
and puberty onset in female rats fed high-fat. For this aim, the
groups were fed diets that contained 24%, 4.3% or 2.4% fat by
weight. The groups were reared under conditions of 12-h
light/dark or 18-h light/6-h dark cycles from day 21 when the
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rats were weaned. Body weight and food intake were daily
determined, and vaginal opening was daily monitored starting
from day 26. The animals were decapitated when the first
estrus, which was determined by vaginal smears, was observed.
Puberty onset was advanced only in the rats fed a high-fat (24%)
diet. Serum leptin levels were found to be higher (P<0.05) in
the groups fed the diets with 24% and 4.3% fat compared to
the rats fed the diet with 2.4% fat. Under long DL, serum leptin
levels increased significantly (P<0.05), and puberty onset was
delayed in the three groups. The results of the present experi-
ment show that photoperiod affects leptin secretion and the
onset of puberty independent of metabolic status in the female
rats. (The experimental protocol was approved by the Firat Uni-
versity Ethical Committee).
Canpolat S et al.(2001)European J Pharmacol 428, 145-148.

Baydas G et al. (2001)Neuro Endocrinol Lett 22, 449-452.

This study was supported by TUBITAK Project no. 107T825.

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.
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Remodelling of the left ventricle in the ageing type 2 diabetic
Goto-Kakizaki rat

A. D’Souza1, M. Boyett2, H. Dobrynski2, J. Yanni2 and J. Singh1

1University of Central Lancashire, Preston, UK and 2Cardiovascular
Medicine, University of Manchester, Manchester, UK

Type 2 diabetes mellitus (T2DM) is associated with alterations
in cardiac function, partly due to structural remodelling of the
left ventricle (LV)1. This study investigates features of LV remod-
elling in 18 month old spontaneously T2 diabetic Goto Kakizaki
(GK) (n=8) rats compared to age-matched Wistar controls
(n=8). Blood was collected from the tail vein and blood glucose
measured at time zero and 30, 60, 120 and 180 min following
intraperitoneal glucose injection (2 g (kg body weight)−1) using
previously established methods2. Myocyte size, collagen area
fraction, capillary supply and apoptosis in the LV were estimated
by histo-morphometric techniques. Quantitative PCR was used
to measure the relative expression of mRNA for natriuretic pep-
tides ANP and BNP, collagen type(s) 1& 3α, elastin, fibronectin,
matrix-metalloproteinase 2 (MMP2), tissue inhibitor of metal-
loproteinase(s) 1&4 (TIMP-1, TIMP-4), vimentin, transforming
growth factor β1 (TGFβ1), connective tissue growth factor (C-
TGF) and calcium handling proteins namely sarcoendoplas-
mic reticulum Ca2+ATPase, (SERCa2a), sarcolemmal Na+/Ca2+
exchanger (NCX), ryanodine receptor (RyR) and L-type calcium
channels (Cav1.2 & Cav1.3).
GK rats were moderately hyperglycaemic relative to controls,
as verified by fasting blood glucose levels and glucose tolerance
testing. Hypertrophy was evident by an increased heart weight
to body weight ratio, myocyte diameter and expression of ANP
and BNP mRNA (P<0.05, Student’s t test). Diabetes produced
alterations in sarcomeric structure and reductions in capillary
density. Although cardiac pathology frequently manifested as
focal scarring, myofibrillar loss, vacuolisation and large clusters

of cells showing end-stage apoptosis, caspase-3 activity was
unchanged in diabetic vs. control rats (P<0.05, Student’s t test).
Increased extracellular matrix (ECM) proliferation in the LV of
GK rats was concomitant with an augmented expression of
mRNA for collagen type(s) 1 & 3α, MMP2, elastin, TIMP-1, TGF-
1 and C-TGF(P<0.05, Student’s t test). mRNA expression for
SERCA2a and the L-type calcium channels were also found to
be elevated relative to controls (P<0.05, Student’s t test) which
may contribute to the altered calcium transient kinetics previ-
ously observed in this model2. Results indicate that chronic
mild-to-moderate increases in glucose levels appear to accen-
tuate the effects of aging in the LV and elicit a gene expression
profile that promotes remodelling of the ECM.
Rutter MK, Parise H, Benjamin EJ, Levy D et al (2003) Impact of glucose
intolerance and insulin resistance on cardiac structure and function.
Circulation 107:448

Howarth FC, Shafiullah M and Qureshi MA (2007) Chronic effects of
type 2 diabetes mellitus on cardiac muscle contraction in the Goto-
Kakizaki rat. Exp Physiol 92:1029-1036.

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

PC21

The effect of specific phospholipids that may have possible
role in propagating or inhibiting glioma

S.R. Jaiswal

School of Pharmacy and Pharmaceutical Sciences, University of
Central Lancashire, Preston, UK

Cancer is one of the major causes of death in spite of a sub-
stantial increase in understanding of the molecular mechanism
behind its occurrence 1. Glioma is the type of brain cancer which
arises in the glial cells of the brain. Glioma is categorized into
three areas namely: astrocytoma, oligodendroglioma and
astro-oligodendroglioma (mixture of both) 1, 2. In our day-
to-day diet, the public consume phospholipids from various
sources of food products including egg, milk, soybean, offal
and some vegetables. Environmental factors such as food habits
could also be contributing factors of glioma. This study was
designed to investigate the possible effects of dietary phos-
pholipids in either proliferating or inhibiting the growth of
glioma 3. In this study, the soy phospholipids, Lipoid S-100,
Phospholipon ® 90H and L-α-phosphatidylcholine were tested
individually on three different glioma cell lines namely 1321N1,
GOS-3 and U87-MG.
Tissue culture techniques were employed to measure the activ-
ity of each phospholipid by in vitro studies. The ATP release by
1321N1, GOS-3 or U87-MG cell line treated with each soy
derived phospholipid was measured after 48 hrs of incubation.
On measurement using the ATP assay, the results obtained from
1321N1 and GOS-3 cell lines showed significant (P < 0.05)
increases in growth on the treatment with either Lipoid S-100,
Phospholipon ® 90H or L-α-phosphatidylcholine when com-
pared with untreated cells and treated cells with 0.002% iso-
propyl alcohol (IPA). In contrast, Phospholipon ® 90H was found
to enhance the growth of 1321N1 and GOS-3 cell lines and this
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effect was significantly (P < 0.05) larger when compared to the
effects of Lipoid S-100 and L-α-phosphatidylcholine. Treatment
of cells with either Lipoid S-100 or Phospholipon ® 90H showed
a significant (P < 0.05) decrease in the growth of U87-MG cell
line when compared with untreated cells and cells treated with
0.002% IPA. Following treatment with L-α-phosphatidylcholine,
no effect on the growth of U87-MG cell line was observed when
compared with either untreated cells or 0.002% IPA treated
cells. There was also a significant inhibition when compared
with untreated cells. These results have indicated that soy
derived phospholipids can enhance the growth of the low grade
astrocytoma 1321N1 and GOS-3 cell lines and they do not sup-
port the growth of high grade glioblastoma U87-MG. Further
experiments are required to determine the mechanism of
action of soy derived phospholipids in either proliferating or
inhibiting cancer cells.
1. Kuijlen JM, Bremer E, Mooij JJ, den Dunnen WF, & Helfrich W (2010).
On TRAIL for malignant glioma therapy? Neuropathol Appl Neurobiol.

2. Park DM & Rich JN (2009). Biology of glioma cancer stem cells. Mol
Cells 28, 7-12.

3. Oba S, Nagata C, Shimizu N, Shimizu H, Kametani M, Takeyama N,
Ohnuma T, & Matsushita S (2007). Soy product consumption and the
risk of colon cancer: a prospective study in Takayama, Japan. Nutr Can-
cer 57, 151-157

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.
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Effects of Momordica charantia fruit extract with the
combination of temazolamide, cisplatin in the treatment
of glioma cancer

G. Manoharan

School of Pharmacy and Pharmaceutical Sciences, University of
Central Lancashire, Preston, UK

Prior to the availability of chemotherapeutic agents, dietary
measures, including traditional medicines derived from plants,
were the major forms of cancer treatment1. M.charantia (Fam-
ily: Cucurbitaceae) also known as bitter gourd. M. charantia has
many different chemical components that help medicinally.
Mainly, it is the fruit part of the bitter gourd that is useful med-
icinally. It is made up of many different proteins and steroids
that are chemically active. One of its chemicals displays cyto-
toxic activity and can inhibit guanylate cyclase, which is thought
to be cause of psoriasis and leukemia. Another protein has been
clinically shown to serve as anti-cancerous in animals. Alpha
and Beta momorcharin has been tested as anti-HIV and shows
to stop virulence while the host cells were unaffected2,3. This
study characterizes the active ingredient (s) of M. charantia and
the crude extract and investigates its potential chemothera-
peutic effect with the combination of temazolamide, cisplatin
in the cancer therapy. Different concentration (100 μM - 400
μM) of the crude fruit extract with (40 μM - 160 μM) of temazo-
lamide, (50 μM - 200 μM) of cisplatin were treated (24 hrs incu-
bation) separately with four different glioma cell lines (1321N1,
GOS-3, U87-MG, and WERI-Rb1) and normal L6 muscle mus-
cle cell line in different sets of experiments. In another series

of experiment the active protein content α and βMomocharin
was subsequently tested in all five cell lines including normal
L6 skeletal muscle cells employing different concentrations (200
μM - 800 μM) and (40 μM - 160 μM) of temazolamide, (50 μM
- 200 μM) of cisplatin in different sets of experiments  using
2500 cells in each 200 μl 96 well plates. The cell viability was
measured by using MTT assay kit for every 8 hrs, 16 hrs, 24
hrs. Initial results have shown that the crude extract of M.cha-
rantia and α and β Momocharin evoked a significant (P<0.05;
Student‘s-t-test) decrease in cell viability for each cell line com-
pared to untreated cells of each cancer cell line. In another sets
of results there is no combined drug effect of temazolamide
and cisplatin along with crude extract and αand βMomocharin
had no much significant effect in cancer cell lines. In contrast,
either the crude extract or α and β Momocharin had no signi-
ficant effect on control L6 skeletal muscle cell line. These effects
of crude extract and α and β Momocharin were dose depend-
ent. In conclusion, the results have shown that both the crude
extract and α and βMomocharin can elicit marked anti-cancer
effects in different glioma cell lines, when compared to the com-
mercially available chemotherapeutic agents. The next stage
of the study is to determine the mechanisms whereby M. cha-
rantia extract can induce cell death measuring cytosolic cal-
cium, P53, caspase- 3 activities and cytochrome c4.
Omar S, et al., (2007). “Hypoglycemic effect of the seeds of Momordica
charantia.” Fitoterapia 78, 46-47.

Lee-Huang S, Huang PL, Chen HC, et al., (1995). Anti-HIV and anti-
tumor activities of recombinant MAP30 from bitter melon. Gene 161,
151-156.

Catherine J, Beth Strifler et al., (1983). In Vivo Antitumor Activity of the
Bitter Melon (Momordica charantia). Cancer Research 43, 5151-5155.

. Kim J H et al., (2002). “Induction of  apoptosis by momordin I in
promyelocytic leukaemia (HL-  60) cells.” Anticancer Res 22, 1885-1889.

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.
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Preclinical studies on the effect of ethanolic extract of ginger
on the renal antioxidant enzyme system and hormonal
regulation in STZ-induced diabetic male albino rats

S. Kesireddy1, S. Kondeti Ramudu1 and M. Korivi1,2

1Zoology, sri Venkateswara University, Tirupati, andhra Pradesh,
India and 2Laboratory of Exercise Biochemistry, Taipei Physical
Education College, Taipei, Taiwan

Diabetes is a major socio-economical burden with serious health
consequences(1). The reactive oxygen species generated in this
pathology alters the internal milieu of the cellular systems
paving way for metabolic disorders(2,3). The aim of the pres-
ent study was to evaluate the effect of the ethanolic extract of
ginger rhizome on oxidative stress in relation to hormonal reg-
ulation in kidney of streptozotocin (STZ) induced diabetic rats.
The parameters like superoxide dismutase (SOD) activity, ascor-
bic acid (vitamin C), alpha tocopherol (vitamin E) levels, cal-
citriol, renin were decreased and uric acid level, glutathione-s
transferase (GST), xanthine oxidase (XOD) activity were
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effect was significantly (P < 0.05) larger when compared to the
effects of Lipoid S-100 and L-α-phosphatidylcholine. Treatment
of cells with either Lipoid S-100 or Phospholipon ® 90H showed
a significant (P < 0.05) decrease in the growth of U87-MG cell
line when compared with untreated cells and cells treated with
0.002% IPA. Following treatment with L-α-phosphatidylcholine,
no effect on the growth of U87-MG cell line was observed when
compared with either untreated cells or 0.002% IPA treated
cells. There was also a significant inhibition when compared
with untreated cells. These results have indicated that soy
derived phospholipids can enhance the growth of the low grade
astrocytoma 1321N1 and GOS-3 cell lines and they do not sup-
port the growth of high grade glioblastoma U87-MG. Further
experiments are required to determine the mechanism of
action of soy derived phospholipids in either proliferating or
inhibiting cancer cells.
1. Kuijlen JM, Bremer E, Mooij JJ, den Dunnen WF, & Helfrich W (2010).
On TRAIL for malignant glioma therapy? Neuropathol Appl Neurobiol.

2. Park DM & Rich JN (2009). Biology of glioma cancer stem cells. Mol
Cells 28, 7-12.

3. Oba S, Nagata C, Shimizu N, Shimizu H, Kametani M, Takeyama N,
Ohnuma T, & Matsushita S (2007). Soy product consumption and the
risk of colon cancer: a prospective study in Takayama, Japan. Nutr Can-
cer 57, 151-157

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.
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Effects of Momordica charantia fruit extract with the
combination of temazolamide, cisplatin in the treatment
of glioma cancer

G. Manoharan

School of Pharmacy and Pharmaceutical Sciences, University of
Central Lancashire, Preston, UK

Prior to the availability of chemotherapeutic agents, dietary
measures, including traditional medicines derived from plants,
were the major forms of cancer treatment1. M.charantia (Fam-
ily: Cucurbitaceae) also known as bitter gourd. M. charantia has
many different chemical components that help medicinally.
Mainly, it is the fruit part of the bitter gourd that is useful med-
icinally. It is made up of many different proteins and steroids
that are chemically active. One of its chemicals displays cyto-
toxic activity and can inhibit guanylate cyclase, which is thought
to be cause of psoriasis and leukemia. Another protein has been
clinically shown to serve as anti-cancerous in animals. Alpha
and Beta momorcharin has been tested as anti-HIV and shows
to stop virulence while the host cells were unaffected2,3. This
study characterizes the active ingredient (s) of M. charantia and
the crude extract and investigates its potential chemothera-
peutic effect with the combination of temazolamide, cisplatin
in the cancer therapy. Different concentration (100 μM - 400
μM) of the crude fruit extract with (40 μM - 160 μM) of temazo-
lamide, (50 μM - 200 μM) of cisplatin were treated (24 hrs incu-
bation) separately with four different glioma cell lines (1321N1,
GOS-3, U87-MG, and WERI-Rb1) and normal L6 muscle mus-
cle cell line in different sets of experiments. In another series

of experiment the active protein content α and βMomocharin
was subsequently tested in all five cell lines including normal
L6 skeletal muscle cells employing different concentrations (200
μM - 800 μM) and (40 μM - 160 μM) of temazolamide, (50 μM
- 200 μM) of cisplatin in different sets of experiments  using
2500 cells in each 200 μl 96 well plates. The cell viability was
measured by using MTT assay kit for every 8 hrs, 16 hrs, 24
hrs. Initial results have shown that the crude extract of M.cha-
rantia and α and β Momocharin evoked a significant (P<0.05;
Student‘s-t-test) decrease in cell viability for each cell line com-
pared to untreated cells of each cancer cell line. In another sets
of results there is no combined drug effect of temazolamide
and cisplatin along with crude extract and αand βMomocharin
had no much significant effect in cancer cell lines. In contrast,
either the crude extract or α and β Momocharin had no signi-
ficant effect on control L6 skeletal muscle cell line. These effects
of crude extract and α and β Momocharin were dose depend-
ent. In conclusion, the results have shown that both the crude
extract and α and βMomocharin can elicit marked anti-cancer
effects in different glioma cell lines, when compared to the com-
mercially available chemotherapeutic agents. The next stage
of the study is to determine the mechanisms whereby M. cha-
rantia extract can induce cell death measuring cytosolic cal-
cium, P53, caspase- 3 activities and cytochrome c4.
Omar S, et al., (2007). “Hypoglycemic effect of the seeds of Momordica
charantia.” Fitoterapia 78, 46-47.

Lee-Huang S, Huang PL, Chen HC, et al., (1995). Anti-HIV and anti-
tumor activities of recombinant MAP30 from bitter melon. Gene 161,
151-156.

Catherine J, Beth Strifler et al., (1983). In Vivo Antitumor Activity of the
Bitter Melon (Momordica charantia). Cancer Research 43, 5151-5155.

. Kim J H et al., (2002). “Induction of  apoptosis by momordin I in
promyelocytic leukaemia (HL-  60) cells.” Anticancer Res 22, 1885-1889.

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

PC23

Preclinical studies on the effect of ethanolic extract of ginger
on the renal antioxidant enzyme system and hormonal
regulation in STZ-induced diabetic male albino rats
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1Zoology, sri Venkateswara University, Tirupati, andhra Pradesh,
India and 2Laboratory of Exercise Biochemistry, Taipei Physical
Education College, Taipei, Taiwan

Diabetes is a major socio-economical burden with serious health
consequences(1). The reactive oxygen species generated in this
pathology alters the internal milieu of the cellular systems
paving way for metabolic disorders(2,3). The aim of the pres-
ent study was to evaluate the effect of the ethanolic extract of
ginger rhizome on oxidative stress in relation to hormonal reg-
ulation in kidney of streptozotocin (STZ) induced diabetic rats.
The parameters like superoxide dismutase (SOD) activity, ascor-
bic acid (vitamin C), alpha tocopherol (vitamin E) levels, cal-
citriol, renin were decreased and uric acid level, glutathione-s
transferase (GST), xanthine oxidase (XOD) activity were
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increased in diabetic control rats. Ginger treatment (30 days)
remarkably improved the tissue antioxidant defense system
and all the above parameters attained near normality after
treatment with ginger in STZ-diabetic rats. On the basis of the
results obtained, it is concluded that the treatment of ginger
may effectively normalize the impaired oxidative stress in
response to hormonal changes in streptozotocin-induced dia-
betes than the glibenclamide-treated groups. Moreover, degen-
erative changes of renal cells in the diabetic group were mini-
mized by the administration of ginger as shown by
histopathological examination. Based on these findings, it is
suggested that consumption of ginger is beneficial in terms of
defensive action against oxidative stress.
Zimmet P, Alberti KG, Shaw J. Global and societal implications of the
diabetes epidemic. Nature 2001;414: 782–787.

Aurell M, & Bjorck S. Determination of progressive renal disease in dia-
betes mellitus. Kidney Int 1992;41: 38-42.

Chakravarthy BK, Gupta S, Gambir SS, Gode, KD. Pancreatic beta cell
regeneration. A novel antidiabetic mechanism of Pterocarpus mar-
supium Roxb. Indian J Pharmacol 1980;12: 123–127.

This work was supported by the UGC, New Delhi, India in the
form of a Major Research Project.

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
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Does ethanol promote endoplasmic reticulum stress-
induced cell death during pregnancy: a study on involvement
of oxidative stress?

S. Kesireddy1,2 and G. Burton2

1Zoology, sri Venkateswara University, Tirupati, andhra Pradesh,
India and 2Department of Physiology,Development and
Neuroscience, University of Cambridge, Cambridge,
Cambridgeshire, UK

When pregnant woman drink, alcohol reaches the baby through
the placenta. However, the baby cannot process it as fast as the
mother can, so it is exposed to greater amounts of alcohol for
longer than the mother, which can seriously affect the baby’s
development and it may also lead to miscarriage (1,2). Oxida-
tive stress is central to alcohol-induced cell death during preg-
nancy (3,4). The underlying cellular/molecular mechanisms
remain unclear. The role of the endoplasmic reticulum (ER) in
this process is uncertain. In ER signalling, PERK-Nrf2 and Ire-
CHOP are two pathways that determine cell fate under stress
(5). Using human choriocarcinoma JEG-3 cells, we explored ER
stress response induced experimentally by treatment with dif-
ferent doses of ethanol (100 mg to 800 mg/ml) and tunicamycin
(0.125 to 1 μg/ml). We demonstrated that exposure to ethanol
alone had little effect on the expression of markers for ER stress;
however, ethanol drastically enhanced the expression of GRP78,
CHOP, ATF4, ATF6 and phosphorylated PERK and elF2–alpha
when induced by tunicamycin. We speculate that sustained ER
stress may contribute to the placental dysfunction seen in
human pregnancy complications. However, further studies are

required to elucidate whether ethanol promotes ER stress-
induced cell death in the placenta during pregnancy.
Drife J & Magowan B (Eds.) (2004). Miscarriage and ectopic pregnancy.
In: Clinical obstetrics and gynaecology. Oxford: Elsevier. 165-173.

Gray R, Henderson J,(2006) Review of the fetal effects of prenatal alco-
hol exposure: report to the Department of Health, National Perinatal
Epidemiology Unit, University of Oxford.

May PA & Gossage JP.(2001). Estimating the prevalence of fetal alco-
hol syndrome. A summary. Alcohol Res Health 25:159-16.

Burton, GJ & Jauniaux E (2004). Placental oxidative stress: from mis-
carriage to preeclampsia. J. Soc. Gynecol. Investig 11:342-352.

Yung H-w, Korolchuk S, Tolkovsky AM, Charnock-Jones DS & Burton
GJ(2007). Endoplasmic reticulum stress exacerbates ischemia-reper-
fusion-induced apoptosis through attenuation of Akt protein synthe-
sis in human choriocarcinoma cells FASEB J 21:872-884.

The first author (KSR) is thankful to the Commonwealth Com-
mission, UK for awarding a Commonwealth Academic Staff Fel-
lowship to carry out this piece of work.
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The interaction of Zn2+, Pb2+ and Co2+ ions with
mitochondrial permeability transition pore

E. Kravenska and N. Fedirko

Department Of Human and Animal Physiology, Ivan Franko
National University of Lviv, Lviv, Ukraine

Several divalent metals induce the mitochondrial permeability
transition (MPT) that accompanied with opening the perme-
ability transition pore (PTP), Ca2+ release from the mitochon-
dria (Mit) and Mit swelling. Nevertheless the characteristics of
the metal-induced MPT remain elusive. The aim of this research
was to study the interaction of Zn2+, Pb2+ and Co2+ with PTP.
The experiments were performed on the isolated Mit obtained
from Wistar rat liver by differential centrifugation (1). The ani-
mals were anesthetized by inhalation with diethyl ether and
decapitated. Mit swelling was measured using spectropho-
tometer and analyzed by: i)maximal rate; ii)lag time; iii)peak
amplitude (changes of the Mit volume). Ca2+ release via the
PTP was investigated using Ca2+-selective electrode and ana-
lyzed by: i)maximal rate; ii)duration; iii)peak amplitude (con-
centration of released Ca2+).
We showed, that Zn2+ (0.1-10μM) activated MPT. Cyclosporin
A (10 μM, 1 min) completely inhibited the Zn2+(0.1, 3.0 μM)-
induced Mit swelling and the Zn2+(1.0, 7.0 μM)-induced Ca2+

release from the Mit. In the presence of dithiothreitol (1 mM,
1 min) the maximal rate, lag-time and the peak amplitude of
the Zn2+(0.1, 3.0 μM)-induced Mit swelling were 65±12
(p≤0.01, n=5) and 31±5 % (p≤0.001, n=5), 233±54 (p≤0.01,
n=5) and 371±95 % (p≤0.05, n=5), 94±8 (p>0.05, n=5) and 93±8
% (p>0.05, n=5) correspondingly. Under the same conditions
the maximal rate, duration of the process and the peak ampli-
tude of the Zn2+(1.0, 7.0 μM)-induced Ca2+ release from the
Mit were 158±22 (p≤0.05, n=5) and 81±24 % (p>0.05, n=6),
54±5 (p≤0.01, n=5) and 68±14 % (p≤0.05, n=6), 78±18 (p>0.05,

lmckay
Rectangle



Abstracts

31

Poster Communications

14P

n=5) and 64±9 % (p≤0.05, n=6) respectively. In the presence of
2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline (1 mM, 1
min) the maximal rate, lag-time and the peak amplitude of
the Zn2+(0.1, 3.0 μM)-induced Mit swelling were 126±16
(p≤0.01, n=6) and 72±13 % (p≤0.05, n=5), 34±8 (p≤0.05, n=6)
and 39±11 % (p≤0.05, n=5), 132±10 (p≤0.01, n=6) and 108±8
% (p≤0.05, n=5) correspondingly. Under the same conditions
the maximal rate, duration of the process and the peak ampli-
tude of the Zn2+(1.0, 7.0 μM)-induced Ca2+ release from the
Mit were 302±59 (p≤0.01, n=5) and 211±38 % (p≤0.001, n=7),
44±13 (p≤0.001, n=5) and 49±13 % (p≤0.05, n=7), 107±21
(p>0.05, n=5) and 95±11 % (p>0.05, n=7) respectively. In the
presence of CGP-37157 (1 μM, 1 min) the maximal rate, lag-
time and the peak amplitude of the Zn2+(0.1, 3.0μM)-induced
Mit swelling were 121±5 (p>0.05, n=6) and 74±6 % (p≤0.01,
n=6), 84±21 (p>0.05, n=6) and 76±15 % (p≤0.05, n=6), 84±12
(p≤0.05, n=6) and 87±7 % (p≤0.01, n=6) correspondingly. Inter-
estingly, Pb2+ (0.1-50.0μM), as well as Co2+ (0.1-50.0μM), did
not activate MPT.
Thus, Zn2+, unlike Pb2+ and Co2+, stimulate MPT. The Zn2+-
induced MPT is mediated by opening the PTP and regulated
by the Mit SH-, COOH-groups and the Na+/Ca2+-exchanger.

Schneider WC, Hogeboom GH (1950). J Biol Chem 183(1), 123–128

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

PC27

Hypothalamic expression pattern and molecular and
physiological markers indicate elevated sympathetic
stimulation of metabolism in XLαs-deficient mice

K. Burton1, N. Nunn1, S. Krechowec1, R. Barrett-Jolley2 and
A. Plagge1

1Physiological Laboratory, University of Liverpool, Liverpool, UK
and 2Veterinary Preclinical Sciences, University of Liverpool,
Liverpool, UK

XLαs constitutes an NH2-terminal splice variant of the stim-
ulatory G-protein α-subunit Gsα, which is encoded by the
imprinted Gnas locus. We previously generated a knock-out
specific for the Gnasxl transcript (XLαs) [1], which exhibits a
lean, hypermetabolic, glucose tolerant and insulin sensitive
phenotype [2]. Increased catecholamines in urine and
increased cAMP in brown adipose tissue (BAT) suggest ele-
vated sympathetic nervous system (SNS) activity in XLαs defi-
cient mice. To further define the causes of this phenotype,
particularly in relation to the SNS, we are investigating the
brain expression pattern, as well as additional molecular and
physiological parameters. Immunohistochemistry in adult
brain shows XLαs to be expressed in areas associated with
SNS activity, including the paraventricular nucleus of the
hypothalamus, the raphe magnus and the raphe pallidus.
Other areas involved in feeding regulation and energy metab-
olism are also positive for XLαs, including the arcuate nucleus,
the lateral and dorsomedial hypothalami, the zona incerta,

the amygdala and the locus coeruleus. Co-localisation stud-
ies show that XLαs is expressed in a subgroup of Orexin pos-
itive neurons in the lateral and dorsomedial hypothalamus
and in tyrosine hydroxylase positive neurones in the arcuate
nucleus, but this does not account for all XLαs neurons in
these regions. Q-RTPCR results of adult knock-out hypothal-
ami show decreased expression of the ghrelin receptor, MCH
receptor 1 and malonyl CoA decarboxylase, which is in line
with their increased energy expenditure. We also assessed
additional peripheral markers of SNS outflow. Western blot-
ting of BAT shows increased hormone-sensitive lipase (HSL)
phosphorylation in XLαs knock-outs, indicating increased
sympathetic stimulation. Uncoupling protein 1 (UCP1) expres-
sion, as determined by Q-RTPCR, was also found to be
increased in adult BAT [2]. However, in neonatal BAT no cor-
relation of HSL phosphorylation (increased) and UCP1 expres-
sion (decreased) was found. This might indicate an additional
cell-autonomous role of XLαs, which is transiently expressed
in the neonatally developing BAT. Furthermore, using tail
plethysmography under anaesthesia (1.3-2.15 g/kg urethane
i.p.), adult knock-outs were found to have increased blood
pressure. These results support the suggestion of increased
SNS outflow in XLαs-deficient mice and provide further hints
as to which central nervous system mechanisms may be
involved.
Plagge A et al. (2004). Nat Genet 36, 818-826.

Xie T et al. (2006). J Biol Chem 281, 18989-18999.

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.
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Pharmacological effect of DGAT1 inhibition on food intake
and post-prandial lipaemia - determination of the
mechanism of action

S. Birtles, L. Buckett, C. Hammond and A. Turnbull

CVGI, AstraZeneca Pharmaceuticals, Macclesfield, UK

Diacylglycerol acyltransferase 1 (DGAT1) functions in triglyceride
synthesis and triglyceride intestinal absorption. DGAT1 catalyses
theformationoftriglyceridesfromdiacylglycerolandacyl-coAand
is the final committed step in the mammalian triglyceride synthe-
sispathway.Dietarytriglyceridesareemulsifiedandhydrolysedto
fattyacidsand2-monoacylglycerolintheintestinallumen,arethen
transportedtotheenterocytewheretriglycerideisre-synthesised
and incorporated into chylomicrons for secretion into lymph.
DGAT1enzymeisdistributedacrossthemetabolictissueswithhigh
levels of mRNA expressed in human and rodent small intestine.
DGAT1 global knock out mice have decreased adiposity when fed
adiethighinfatandaccumulateneutral-lipiddropletsinthecyto-
plasmoftheenterocyte.DGAT1knockoutmicealsoshowareduced
rate of triacylglycerol absorption after an acute lipid challenge.
We have conducted studies to evaluate the effects of a small
molecule DGAT1 inhibitor. DGAT1 inhibition produces a dose-
dependent decrease in post-prandial lipaemia in Han Wistar rats
administered a corn oil challenge orally (n=15, EC50 = 0.02μM).
Moreover it produced a decrease in the acute intake of high fat,
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but not low fat food (>50% decrease at 1 hour post-refeed, n=12,
p=<0.001). Studies in DGAT1 knockout mice have shown that
DGAT1 deficiency produces an increase in PYY and GLP-1 lev-
els in response to a lipid load and these gut peptides represent
one potential anorectic mechanism. DGAT 1 inhibition has, how-
ever, additional potential effects in the gastrointestinal tract.
Indeed DGAT1 inhibitors divert fatty acids away from triglyc-
eride synthesis into fatty acid oxidation in CaCo2 (human colonic
cell line) (EC50 = 0.03μM, n=1) and HuTu80 (human duodenal
cell line) (EC50 = 0.008μM, n=3) cells as assessed by uptake of
14C-oleate or 14C-palmitate and release of 14C-CO2 and 14C-
acid-soluble products. These data suggest multiple potential
effects of DGAT1 inhibition in the gastointestinal tract that may
have therapeutic benefit in metabolic disease.

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

PC29

The association of body mass index with gastric emptying
and effect of an exercise intervention on gastric emptying
and appetite in adolescent girls

K. Horner, D. Harrington, A.E. Donnelly and A. Shafat

Department of Physical Education and Sport Sciences, University
of Limerick, Limerick, Ireland

Gastric emptying (GE) plays a role in appetite regulation and
has been implicated in the pathogenesis of obesity. Regular
exercise may be one factor which moderates GE. We investi-
gated (i) the relationship between GE and body mass index
(BMI) and (ii) the effects of an exercise intervention on GE,
appetite and food intake in adolescent girls. Nineteen healthy
schoolgirls (BMI 22.1±2.1 kg m-2; age 16.3±0.3 years)
attended the laboratory, after giving written informed con-
sent, on 2 occasions, at week 0 and week 8. GE was assessed
by 13C octanoic acid breath test, subjective appetite sensa-
tions by visual analogue scales and food intake at a buffet
meal. During weeks 1 to 7 subjects attended three classes per
week of either a moderate intensity exercise class (exercise
group; (EXE): n = 9) or a non-exercise class (control group
(CTL); n = 10). Statistical analysis was conducted using Pear-
son correlations and Mixed ANOVA (group x time). Increas-
ing BMI was significantly associated with increases in GE lag
(r = 0.68, p = 0.001), latency (r = 0.62, p = 0.005) and half
times (r = 0.62, p = 0.005) all indicating slower gastric emp-
tying. Exercise intervention did not significantly alter GE or
food intake compared to the CTL group. GE half time signifi-
cantly increased in both EXE and CTL over time (main effect,
p = 0.043). Hunger ratings at 30min after the standardised
test meal were reduced in the EXE group over time (-24.9 ±
29.7%) compared to a mean increase (43.3 ± 100.1%) in the
CTL group (p = 0.032). Interestingly, others have reported
increases in glucagon-like peptide 1 at this time point fol-
lowing exercise intervention. Findings indicate increasing BMI
is associated with slower GE in adolescent girls. The 7 week
exercise intervention reduced 30 min postprandial hunger

ratings but did not significantly influence GE compared to a
control group.

Supported by the Irish Research Council for Science, Engineer-
ing and Technology.

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.
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The effect of a 10 week exercise intervention on gastric
emptying, appetite, food intake and cardiac autonomic
function in multiple sclerosis

K. Horner1, M. Garrett2, S. Coote2 and A. Shafat1

1Department of Physical Education and Sport Sciences, University
of Limerick, Limerick, Ireland and 2Department of Physiotherapy,
University of Limerick, Limerick, Ireland

Multiple sclerosis is a progressive autoimmune disease in which
autonomic nervous system dysfunction, delayed gastric empty-
ing(GE)andsedentarylifestyleshavebeenreported.Regularexer-
cise is associated with accelerated GE in healthy adults. We inves-
tigated the effect of an exercise intervention on GE, heart rate
variability (HRV; as an indicator of autonomic balance), appetite
sensationsandfoodintakeinMSpatients.TwelveMSpatients(BMI
27.5±4.5 kg m-2; age 51.3±9.5 years) attended the laboratory at
baseline and post test, after giving written informed consent. Six
subjectsparticipatedinatenweekexerciseintervention(1super-
visedstrengtheningexerciseclassinadditiontoindependentaer-
obic exercise increasing from 2 to 3 sessions per week at week 5;
exercise group (EXE); n = 6). Six others were instructed to main-
taintheirhabituallifestyleoverthesametimeperiod(controlgroup
(CTL);n=6).GEwasassessedby 13Coctanoicacidbreathtest,HRV
in the frequency domain from resting electrocardiogram, sub-
jective appetite sensations by visual analogue scales and food
intakebyfooddiary.StatisticalanalysiswasconductedusingPear-
son correlations and Mixed ANOVA (group x time). A large inter
andintraindividualvariabilitywasevidentinallparameters.There
were no significant correlations between any variables. The exer-
ciseinterventiondidnotsignificantlychangeGEorHRV.Meandaily
energyintakeincreasedintheEXEgroupby10.4±6.4%compared
to a 26.9±24.6% decrease in the CTL group over time (p = .007).
Area under the curve for 4hr postprandial hunger sensations was
significantlyreducedintheEXEgroupfollowinginterventioncom-
pared to the CTL group (p=.047). Findings suggest that GE rate is
not significantly associated with cardiac autonomic function in
MS. The exercise intervention did not improve autonomic func-
tion as reflected by GE and HRV parameters but increased daily
energy intake and paradoxically decreased postprandial hunger
sensations. Further studies with larger sample sizes are desirable.

Supported by the Irish Research Council for Science, Engineer-
ing and Technology.

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.
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A Prospective Study of Cardiovascular Risk Markers in Type
2 Diabetic patients

S.S. Kappala1, A. Iyengar1, S.M. Rajbhandari2 and J. Singh1

1School of Forensic and Investigative Sciences, University of
Central Lancashire, Preston, Lancashire, UK and 2Diabetes and
Endocrinology, Lancashire Teaching Hospitals, Chorley,
Lancashire, UK

Type 2 Diabetes mellitus (T2DM) is a complex metabolic dis-
order with major epidemiological impacts affecting over 200
million people worldwide. This number is expected to reach
indefinite proportions by the year 2030 (Zimmet et al., 2001).
Individuals with T2DM have an increased risk of cardiovascu-
lar diseases (CVD). British Medical Association has reported
that CVD accounts for up to 80% mortality associated with
T2DM in the United Kingdom. Type 2 diabetics (T2DPs) carry
an array of risk factors including dyslipidemia, hyperglycaemia,
insulin resistance and elevated concentrations of various bio-
markers in their circulation, which lead to an accelerated prob-
ability of CVD (Erdmann, 2005). Consequently, rates of car-
diovascular mortality and morbidity are very high in T2DPs.
Since the accelerated atherosclerosis and cardiovascular dis-
eases in diabetes are likely to be multifactorial, there is an
urgent need for consideration of different therapeutic
approaches. The main aim of this study is to identify a num-
ber of risk factors and biochemical parameters, which serve
as predisposition factors and govern susceptibility to CVD in

T2DM and to evaluate their possible roles as cardiovascular risk
markers among T2DPs patients comparing them with healthy
age-matched controls. Various biochemical parameters includ-
ing plasma glucose, insulin, lipid profile, urea, C - reactive pro-
tein (CRP), HbA1C were analysed. Initial observations indicate
a highly significant (P<0.01) increase in the levels of glucose
(Control 4.726±0.1897 (n=19), Diabetic 11.2357±1.337
(n=14)), Hba1c (Control 5.55±0.098 (n=18), Diabetic
8.277±0.407 (n=18)), urea (Control 4.204±0.275 (n=21), Dia-
betic 8.616±0.881 (n=18), C- reactive protein (Control
1.470±0.2313 (n=17), Diabetic 8.441±0.591 (n=17)) in T2DPs
when compared with healthy age-matched controls. Data are
presented as mean ± standard error of mean (SEM). Data were
compared using student’s t-test and statistical significance was
defined as P<0.01. These results clearly indicate that different
biochemical markers may be used for the assessment of CVD
risk in T2DM patients. Further studies following these prelim-
inary findings are currently in development and are focussed
on age-related changes that would probably predispose T2DPs
to CVD in future. This study will assist in the development of
potential clinical strategies for the impediment and manage-
ment of CVD in a high risk population.

Erdmann E (2005). Diabetes and cardiovascular risk markers. Current
Medical Research and Opinion 21, S21-S28.

Zimmet P, Alberti KGMM, & Shaw J (2001). Global and societal impli-
cations of the diabetes epidemic. Nature 414, 782-787.

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.
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Therapeutic relevance of the entero-endocrine system

S. Bloom

Investigative Medicine, Imperial College London, London, UK

Obesity is now classified as an epidemic by the World Health
Organisation and represents one of the greatest threats to the
health of the developed world. It is estimated that there are
over one billion overweight adults worldwide and an estimated
22 million children under 5 are obese, with annual figures ris-
ing sharply. Obesity increases the risk of heart disease, type 2
diabetes, stroke, some forms of cancer, arthritis, respiratory
disease and translates into healthcare costs of over half a bil-
lion pounds every year in the UK alone. The obesity crisis in the
developed world is largely attributed to the easy availability of
cheap, calorie dense, palatable food accompanied by an
increasingly sedentary lifestyle. The current crisis has prompted
public health initiatives to improve diet and promote exercise,
however these have proved largely ineffective, highlighting
the urgent need for improved therapies for the treatment of
obesity.
Weight regulation in individuals depends on energy intake (in
the form of food) and energy expenditure. Hunger leads to ini-
tiation of eating and when a meal is ingested, satiety hormones
contribute to digestion and a feeling of fullness. Central cir-
cuits in the brain integrate satiety signals and signals of long
term energy status to produce a coordinated response to the
change in nutritional status. The nuclei of the hypothalamus
and brainstem are important regions for regulation of energy
homeostasis. The actuate nucleus (ARC) can access signals
from the periphery. The signals act on two distinct neuronal
populations. One population co-expresses the orexigenic
Agouti-related Peptide (AgRP) and Neuropeptide Y (NPY); the
other population releases cocaine and amphetamine regulated
transcript (CART) and proopiomelanocortin (POMC), which
inhibit feeding. Both of these populations project to the par-
aventricular nucleus (PVN) and other nuclei involved in energy
regulation.
Gut hormones are released in response to a meal acting on
both central neural circuits and peripheral tissues. They
affect diverse physiological functions including appetite,
gastrointestinal motility and acid secretion, nutrient absorp-
tion and cell proliferation. Receptors for gut hormones can
be found on neuronal populations within the actuate
nucleus of the hypothalamus. Recent work has identified
the gut hormones PYY, oxyntomodulin and pancreatic
polypeptide (PP) that inhibit appetite, and ghrelin, which
stimulates appetite. These hormones occur naturally, are
active within the plasma range observed in humans and may
therefore represent a novel approach to the treatment of
obesity. Our continuing research has identified oxynto-
modulin and PYY as strong candidates for therapeutic
agents.

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

SA02

Incretins and bariatric surgery

J. Vidal

Endocrinology and Nutrition, Hospital Clinic Universitari,
Barcelona, Spain and CIBERDEM, Instituto de Salud Carlos III,
Barcelona, Spain

Bariatric surgery operations were designed to promote
weight loss. However, it was soon realized that these oper-
ations were also associated with impressive and sustained
improvements in type 2 diabetes mellitus (T2DM). In fact, it
has recently been recognized by the American Diabetes Asso-
ciation that bariatric surgery has the potential to offer com-
plete remission of a T2DM. Certainly, weight loss plays an
important role in the amelioration of T2DM following
bariatric surgery. Nonetheless, mounting evidence shows
that certain intestinal diversionary operations improve T2DM
through mechanisms beyond weight loss and reduced caloric
intake. Although the precise weight-independent mecha-
nisms mediating T2DM remission are not yet clear, it has
been proposed that changes in the secretion of gastroin-
testinal hormones secondary to the rearrangement of the
gastrointestinal tract anatomy could be involved. In that
respect, two different theories have been put forward.
According to the hindgut hypothesis, the bypass of the prox-
imal gut results in an expedited delivery of ingested nutri-
ents to the lower bowel accentuating the secretion of GLP-
1. Consequently, glucose tolerance would be enhanced
shortly after surgery by virtue of the stimulatory effects of
GLP-1 on insulin secretion, and its inhibitory effects on
glucagon secretion. In the long run, GLP-1 would also
enhance glucose tolerance by increasing the pancreatic beta
cell mass. In contrast, the foregut hypothesis proposes that
it is the exclusion of the duodenum from contact with
ingested nutrients what exerts direct antidiabetes effects.
The absence of nutrient contact with the duodenum and
proximal jejunum would preclude the secretion of an uniden-
tified pro-diabetogenic factor (anti-incretin). Several stud-
ies have now demonstrated that gastric bypass surgery is
associated with a marked increase in the GLP-1 secretory
response to peroral nutrient stimulation in non-diabetic and
diabetic subjects. It has been shown that the exaggerated
GLP-1 response is independent of weight loss, and is associ-
ated with remission of T2DM. Interestingly, we have shown
that GLP-1 could also be involved in the resolution of T2DM
following sleeve gastrectomy. Therefore, there is compelling
data to suggest that GLP-1 could be a contributing factor
accounting for the early resolution of T2DM independent of
the bypass of the proximal intestine. The long-term effects
of the increased GLP-1 secretion following bariatric surgery
in human subjects are yet to be clarified. Elucidating the
mechanisms underlying the metabolic benefits of bariatric
surgery could be critical to identify novel anti-diabetic ther-
apeutic targets and/or to propose safer modalities of meta-
bolic surgery.

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.
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Gut microbiome, lipid metabolism and inflammation

R. Burcelin

Institute of Molecular Medicine, INSERM, Rangueil Hosptital,
Toulouse, France

Over the last decades the nutritional status has changed where
a fat-enriched diet progressively replaced dietary fibers. This
is now considered a leading cause for the growing occurrence
of metabolic diseases. An increased inflammatory tone is
defined as a cornerstone of all metabolic diseases and is char-
acterized by an augmented circulating and tissue cytokine con-
centration associated with an increased infiltration of cells from
the innate immune system. However, the progressive onset of
the disease in patients feeding on a fat-enriched diet leading to
inflammation had no molecular origin. In the quest of a factor
triggering inflammation we demonstrated that changes of
intestinal metagenomic (i.e. bacterial genome) profiles
occurred after a short period of high-fat feeding and were asso-
ciated with an increased plasma concentration of lipopolysac-
charides (LPS). Using genetic, antibiotic and pharmacological
approaches in mice we causally demonstrated the role of intes-
tinal microflora and LPS as triggering factors of adipose tissue,
liver and muscle inflammation, leading to the onset of insulin
resistance, overt hepatic glucose production, and fat pad
enlargement. We next showed that LPS could directly target
the adipose fat pads in mice with wild type or with CD14 inac-
tivated adipose depots i.e. the LPS receptor. We also demon-
strated that the origin of plasma LPS was linked to an increased
leptin-regulated intestinal bacterial translocation process.
Hence, a change in intestinal microflora induced by a fat-
enriched diet was causally linked to plasma LPS concentration
and metabolic inflammation at the onset of the development
of metabolic diseases.

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

SA04

Gut-expressed sweet taste receptor and regulation of
intestinal glucose transport

S.P. Shirazi-Beechey

University of Liverpool, Liverpool, UK

Many of the receptors and downstream signalling elements
involved in taste transduction are also expressed in enteroen-
docrine cells where they underlie the chemosensory functions
of the gut. We showed, for the first time, that taste receptor 1,
T1R, family members, T1R1, T1R2 and T1R3 are expressed in
the intestinal epithelium, and proposed that the sweet taste
receptor, T1R2+T1R3, functions as the luminal sugar sensor.
Recent work in our laboratory has determined that T1R2+ T1R3,
and the partner G-protein, gustducin, are co-expressed in
glucagon like peptide 1 (GLP-1), glucose-dependent
insulinotropic peptide (GIP) and serotonin containing endocrine

cells. We have been interested in the role played by the intes-
tinal sweet taste receptor in regulation of the intestinal glucose
transporter, Na+/glucose cotransporter 1, SGLT1. SGLT1 is the
major route for the transport of dietary sugars from the lumen
of the intestine into enterocytes. Regulation of this protein is
essential for the provision of glucose to the body and, thus, is
important for maintenance of glucose homeostasis. We demon-
strated that dietary sugars and artificial sweeteners increase
SGLT1 mRNA and protein expression and glucose-absorptive
capacity in wild type mice, but not in T1R3, or gustducin, knock-
out mice, indicating that T1R3 and gustducin are required for
enhanced expression of SGLT1 in response to lumenal sugars
and sweeteners.
The findings that gustducin and T1Rs reside in enteroendocrine
cells, whereas SGLT1 is expressed in neighbouring absorptive
enterocytes implies a signalling event taking place between
the chemosensory enteroendocrine cells and absorptive ente-
rocytes. I shall discuss progress made in understanding the
mechanisms underlying this cell to cell communication.

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

SA05

Electrophysiology of the L-cell

F.M. Gribble

Cambridge Institute for Medical Research and Department of
Clinical Biochemistry, University of Cambridge, Cambridge, UK

Glucagon like peptide 1 (GLP-1) is released from enteroen-
docrine L-cells in the gut epithelium and plays an important
role in post-prandial glucose homeostasis and appetite control.
Following the successful introduction of GLP-1 mimetics and
DPP4 inhibitors to treat type 2 diabetes, attention is now turn-
ing towards the L-cell, to address the potential benefit of stim-
ulating the endogenous release of L-cell peptides in vivo. These
cells release not only GLP-1 but also the anorexigenic peptides,
PYY and oxyntomodulin, as well as GLP-2 which stimulates
epithelial regeneration and repair. Understanding the mecha-
nisms underlying secretion from L-cells is key to discovering
ways to target the cells therapeutically. In vitro studies on L-cell
physiology, previously largely restricted to the use of cell lines,
can now be performed on primary intestinal cultures from
transgenic mouse lines in which GLP-1 secreting cells are iden-
tifiable by their expression of a fluorescent protein. 
Primary L-cells are electrically active and nutrient responsive.
The pattern of action potential firing is determined by
tetrodotoxin-sensitive voltage-gated sodium currents. Secre-
tion, by contrast, is dependent on voltage-gated calcium cur-
rents which are largely carried by L-type and Q-type calcium
channels. 
Agents that stimulate GLP-1 secretion employ a number of
transporter and receptor pathways, including electrogenic
nutrient uptake, metabolism and G-protein coupled receptor
activation. Targeting these pathways provides potentially novel
strategies to increase L-cell secretion in vivo. GPR119 and TGR5
are two Gs coupled receptors that are highly expressed in L-
cells. Agonists of both receptor types result in elevated cAMP
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in L-cells, with downstream effects on membrane potential and
hormone secretion. 
Although the new protocols for studying single primary
enteroendocrine cells provide novel avenues for the discovery
of L-cell specific drug targets, definitive trials are now required
to demonstrate that L-cell stimulation will translate into a clin-
ically useful therapeutic strategy.

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

SA06

Lipid sensing in the L cell

P.L. Brubaker

Physiology, University of Toronto, Toronto, ON, Canada and
Medicine, University of Toronto, Toronto, ON, Canada

Stimulus-secretion coupling in the enteroendocrine L cell leads
to release of the proglucagon-derived peptides, glucagon-like
peptide-1 (GLP-1), GLP-2 and oxyntomodulin, as well as of pep-
tide YY. These biologically-active peptides play diverse roles in
the physiological response to nutrient ingestion, including reg-
ulation of glycemia, satiety and intestinal function. Although
stimulated by a diversity of ingested nutrients, the L cell is
notably sensitive to fatty acids, with a marked specificity for
long-chain monounsaturated fats such as oleic acid. Consistent
with these findings, diets that are rich in oleic acid, such as the
Mediterranean diet, increase circulating levels of GLP-1 in asso-
ciation with improved glycemic control, in both rodents and
humans. Recent studies have now begun to elucidate the mech-
anism of action of fatty acids on the intestinal L cell, with a num-
ber of different signaling pathways acids now being implicated,
including the Galpha q-linked G protein-coupled receptors,
GPR40 and GPR120, the Galpha s-coupled receptor, GPR119,
and the intracellular enzyme, protein kinase Czeta. Expression
of a variety of different fatty acid transport proteins, as well as
of the bile acid receptor, TGR5, further illustrates the complexity
of the intestinal L cell response to ingestion of fat. Collectively,
these findings have piqued interest in potential therapeutic
applications for L cell secretagogues. Notwithstanding, the
large number of biologically–active peptides produced by the
L cell must be taken into account in any such considerations.

Supported by the Canadian Diabetes Association, the Canadian
Institutes of Health Research and the Canada Research Chairs
Program

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.
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PYY and the regulation of food intake

R. Batterham

Medicine, University College London, London, UK

The last decade has witnessed a marked increase in our under-
standing of the importance of gut hormones in the regulation

of energy homeostasis. In particular, the discovery that the gut
hormone peptide YY 3-36 (PYY3-36) reduced feeding in obese
rodents and humans fuelled interest in the role of PYY3-36 in
body weight regulation. Pharmacological and genetic
approaches have revealed that the Y2-receptor mediates the
anorectic effects of PYY3-36 whilst mechanistic studies in
rodents identified the hypothalamus, vagus and brainstem
regions as potential sites of action. More recently, using func-
tional brain imaging techniques in humans, PYY3-36 was found
to modulate neuronal activity within hypothalamic and brain-
stem, and brain regions involved in reward processing. Sev-
eral lines of evidence suggest that low circulating PYY concen-
trations predispose towards the development and or
maintenance of obesity. Subjects with reduced postprandial
PYY release exhibit lower satiety and circulating PYY levels that
correlate negatively with markers of adiposity. In addition, mice
lacking PYY are hyperphagic and become obese. Conversely,
chronic PYY3-36 administration to obese rodents reduces adi-
posity, and transgenic mice with increased circulating PYY are
resistant to diet-induced obesity. Moreover, there is emerging
evidence that PYY3-36 may partly mediate the reduced appetite
and weight loss benefits observed post-gastric bypass surgery.
Taken together these findings, coupled with the retained
responsiveness of obese subjects to the effects of PYY3-36, sug-
gest that targeting the PYY system may offer a therapeutic strat-
egy to help treat obesity.

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

SA08

Gastric inhibitory polypeptide and its role in insulin
regulation and metabolic disturbances in obesity

P.R. Flatt

School of Biomedical Sciences, University of Ulster, Coleraine, UK

Recognition of the importance of gut hormones in the insulin
response to feeding was quickly followed by isolation of the
first incretin, gastric inhibitory polypeptide (GIP). This 42 amino
acid peptide, together with it’s sister incretin hormone
glucagon-like peptide 1 (GLP-1), is released into blood follow-
ing feeding and exerts various actions on nutrient homeosta-
sis despite rapid degradation by the enzyme dipeptidyl pepti-
dase-4 (DPP-4). GIP acts in several distinct ways to lower blood
glucose, the most notable being stimulation of insulin secre-
tion. Insulin release occurs in a glucose-dependent manner,
serving to minimise the risk of hypoglycaemia. GIP also
enhances the growth, differentiation, proliferation and survival
of pancreatic beta cells. These actions are complemented by
effects in peripheral tissues including inhibition of hepatic glu-
cose production, depression of insulin clearance and promo-
tion of glucose uptake. Recently, other important and initially
unsuspected actions have been uncovered for GIP, including
central neuroprotection and promotion of bone formation.
However, particularly interesting is the finding of GIP receptors
on adipocytes and appreciation that GIP secreted strongly in
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response to fat ingestion may be involved in translation of exces-
sive amounts of dietary fat into adipocyte tissue stores. Estab-
lished effects of GIP on adipocytes include increase of lipopro-
tein lipase, stimulation of lipogenesis, enhancement of fatty
acid and glucose uptake, augmentation of insulin-induced fatty
acid incorporation and inhibition of both glucagon- and adren-
ergic receptor mediated lipolysis. These actions open up an
unexpected therapeutic channel of exploiting GIP receptor
antagonism for treatment of obesity and associated insulin
resistance. This scenario is borne out by studies in high fat fed
mice or ob/ob mice with either genetic knock-out of GIP recep-
tor or diminished GIP action. Further studies are needed to eval-
uate the applicability to human obesity-diabetes. However,
rapid cure of diabetes in grossly obese subjects undergoing
Roux-en Y bypass surgery may be partly mediated by surgical
bypass of GIP secreting K-cells in upper small intestine. This
operation results in altered patterns of gherlin and GLP-1, but
also low levels of circulating GIP with restoration of normogly-
caemia due to substantial improvement of insulin resistance
and beta cell glucose responsiveness.
Irwin N, Flatt PR. Therapeutic potential for GIP receptor agonists and
antagonists. Best Pract. Res. Clin. Endocrinol. Metab. 2009; 23: 499-512.

Irwin N, Flatt PR.Evidence for beneficial effects of compromised GIP
action in obesity-diabetes and possible therapeutic implications. Dia-
betologia 2009; 52: 1724-1731.

Flatt PR, Day C, Bailey CJ. Bariatric surgery to treat diabesity.Br. J. Dia-
betes Vasc. Dis. 2009; 9: 103-107.

Research on GIP in author’s laboratory has been supported in
part by Diabetes UK, Department of Health and Personal Social
Services, Diabetes Research & Wellness Foundation and Uni-
versity of Ulster Strategic Funding.

Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.
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CART is a regulator of islet function and a possible incretin
hormone

F. Sundler

Lund University, Lund, Sweden

CART (cocaine- and amphetamine-regulated transcript) is an
anorexigenic peptide widely expressed in the central and
peripheral nervous systems as well as in islet endocrine cells
and nerve fibers. CART knock out mice display impaired glu-
cose-stimulated insulin secretion in vivo and in vitro, together
with impaired glucose elimination and reduced expression of
GLUT-2 and PDX-1. In addition, a mutation in the human CART
gene cosegregates with obesity and type 2 diabetes. CART reg-
ulates islet hormone secretion from isolated rat islets and is
upregulated in the beta cells of type 2 diabetic rodents.
More recently, we have studied the effect of CART on insulin
secretion in vivo in mice. In addition, we have examined CART
expression in human pancreas and GI-tract. Furthermore, we
have studied regulation of beta cell CART expression in vivo in
rats as well as in clonal beta cells. Peripherally administered
CART lowers plasma glucose and enhances glucose stimulated

insulin secretion after an intra-venous glucose tolerance test
(IVGTT) in mice. CART increases glucose stimulated insulin
secretion from isolated mouse islets stimulated with an array
of secretagogues. CART is markedly upregulated in the beta
cells of rats made type-2 diabetic with daily injections of dex-
amethasone; this is prevented by daily insulin treatment. The
gene expression and protein levels of CART in INS-1 (832/13)
cells seem to be regulated by both glucose and glucocorticoids.
Interestingly, CART mRNA and protein are expressed also in
human islet cells and in nerve fibers innervating the islets. Fur-
thermore, CART is a constituent of the gastrin producing G-
cells in the antrum of the stomach as well as of endocrine cells
in the upper small intestine, paving the way for CART as an
incretin hormone.
In conclusion, CART may play important roles in glucose home-
ostasis and in the pathophysiology of type 2 diabetes.

Swedish Research Council, The Novo Nordisk Foundation, The
Swedish Royal Physiographic Society, Tore Nilsson, Åke Wiberg,
Fredrik and Ingrid Thuring, Magnus Bergvall, Påhlsson, and The
Swedish Medical Association Foundations.

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

C. Dieguez

Physiology, Univ of Santiago, Santiago de Compostela, Spain

Ghrelin, a peptide hormone first discovered as the endogenous
ligand of the growth hormone secretagogue receptor (GHS-
R), is predominantly produced and released into the circulation
by ghrelin-cells (X/A-like) of the stomach fundus cells. Ghrelin
has multiple actions in multiple tissues. In particular, it is the
most potent known endogenous orexigenic peptide, and plays
a significant role in glucose homeostasis: deletion of the genes
encoding ghrelin and/or its receptor prevents high-fat diet from
inducing obesity, increases insulin levels, enhances glucose-
stimulated insulin secretion and improves peripheral insulin
sensitivity. In addition, stimulation of pituitary hormones secre-
tion, regulation of gastric and pancreatic activity, modulation
of cardiovascular and hemodynamic activities, cartilage and
bone homeostasis, sleep and behavioral influences, and mod-
ulation of the immune system, as well as effects on cell prolif-
eration, are other relevant actions of ghrelin. 
The orexigenic action of ghrelin depends on hypothalamic GHS-
R 1a which is expressed in several neuronal populations well
known for their involvement in the control of food-intake. The
work carried out by different groups over the last few years have
uncovered the molecular mechanisms involved in ghrelin orex-
igenic effect. We have recently reported that central (ICV)
administration of ghrelin decreases hypothalamic de novo fatty
acid synthesis and increases fatty acid oxidation through selec-
tive activation of AMPK and CPT1, respectively. Importantly,
the orexigenic effect of ghrelin was mediated by this hypo-
thalamic AMPK/malonyl-CoA/CPT1 axis; in fact, pharmacologic
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or genetic inhibition of AMPK or CPT1 blunted ghrelin feeding-
promoting effects. The molecular details of this interaction will
need further investigation, but recent data have demonstrated
that they were linked to 1) calmodulin-dependent protein
kinase kinase 2 (a upstream kinase of AMPK), and 2) uncoupling
protein 2 (UCP2) and hypothalamic free radicals. This, AMPK-
driven changes in hypothalamic lipid metabolism will subse-
quently influence neuropeptide gene-expression possibly
through the transcription factor Bsx. Finally, recent evidences
indicates that ghrelin acting at central level influence periph-
eral lipid metabolism in liver and white adipose tissue.

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

SA11

Gut peptides and responses to infection and inflammation

J. McLaughlin

School of Translational Medicine, University of Manchester,
Manchester, UK

The role of gut peptides such as CCK in the physiological reg-
ulation of energy homeostasis has been the main driver of
recent enteroendocrine (EEC) research. However, apart from
their contribution to maintaining mucosal integrity, little is
known about the role of EEC in the response to intestinal inflam-
mation. Gut inflammation is associated with reduced food
intake and nutritional compromise. We have established that
increased activity in the EEC system is a central component of
this. In humans with upper gut infection plasma levels of the
peptide CCK are significantly elevated, returning to normal fol-
lowing antimicrobial therapy. Modelling this in nematode mod-
els of murine enteritis has confirmed a role for CCK in the
hypophagic response operating via the CCK1 receptor, pre-
sumably vagal. CCK cell hyperplasia is observed during the
inflammatory response. This is directly effected by the immune
response: immunoneutralisation of CD4+ T-lymphocytes abol-
ishes both hypophagia and EEC hyperplasia, in an IL-4/13
dependent manner. This does not occur in immunodeficient
SCID or nude mice, but the response can be adoptively trans-
ferred from immunocompetent animals and is independent of
TNF-α. In addition, the EEC cell line STC-1 shows enhanced CCK
secretion in response to nutrients when exposed to pro-inflam-
matory mediators. Preliminary data also indicate amplification
in EEC function in human inflammatory bowel disease. These
findings indicate that EEC may present therapeutic targets in
the aetiology and management of reduced food intake
observed in GI disease.
Leslie FC, McLaughlin JT, Varro AC, Dockray GJ, Thompso, DG and Man-
dal, BK. Plasma cholecystokinin concentrations are elevated in acute
upper gastrointestinal infections. Quart.J.Med 2003;96:870-1.

McDermott JR, Leslie FC, D’Amato M,. Thompson DG, Grencis RK and
McLaughlin JT. Immune control of food intake: enteroendocrine cells
are regulated by CD4+ T-lymphocytes during small intestinal inflam-
mation. Gut 2006;55:492-7

Work supported by BBSRC and Wellcome Trust

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

SA12

Gut peptides and signalling to the CNS

G. Dockray

Physiological Laboratory, School of Biomedical Sciences, University
of Liverpool, Liverpool, UK

The endocrine cells of the gut constitute a luminal surveillance
system selectively responding to either the presence or
absence of food in the gut lumen. Collectively, their secre-
tory products regulate the course of digestion and determine
nutrient delivery to the gut by controlling food intake. In both
cases the CNS is a major target. Although some gut regulatory
peptides may act directly on CNS neurons, there is an estab-
lished body of evidence to indicate activation of CNS pathways
as a consequence of stimulation of vagal afferent neurons.
Important consequences of stimulation of these neurons after
a meal include inhibition of food intake and activation of auto-
nomic reflexes regulating gastric and pancreatic secretion, gut
motility, intestinal immune responses and gastric cytopro-
tection. Vagal afferent neurons express receptors for intestinal
satiety peptides such as cholecystokinin (CCK), GLP-1 and
PYY3-36 ie CCK1R, GLP1R and Y2R, respectively. Cholecys-
tokinin stimulates vagal afferent neuron discharge; this effect
is potentiated by leptin and by gastric distension, and inhib-
ited by the gastric orexigenic peptide ghrelin. In addition, CCK
controls the expression of both G-protein coupled receptors
and peptide neurotransmitters by vagal afferent neurons.
When plasma CCK concentrations are low, for example after
fasting, the expression by these neurons of cannabinoid (CB)1
and melanin concentrating hormone (MCH)1 receptors is
increased, as is that of the neuropeptide transmitter MCH; all
three are associated with stimulation of food intake. Secretion
of CCK leads to a rapid down-regulation of expression of CB1,
MCH1R and MCH and to increased expression of Y2R and of
the neuropeptide transmitter, cocaine and amphetamine reg-
ulated transcript (CARTp), both of which are associated with
inhibition of food intake (1-3). Ghrelin blocks these actions of
CCK at least in part by excluding phosphoCREB from the
nucleus. Thus, vagal afferent neurons (a) are capable of inte-
grating different peripheral signals known to control food
intake and (b) exhibit different neurochemical states depend-
ing on previous nutrient ingestion. In the fasted state there is
enhanced capacity for orexigenic signalling and in the fed state
there is enhanced capacity for anorexic signalling. Cholecys-
tokinin acts as a gatekeeper switching vagal afferent neurons
between these states and so determining their capacity to
respond to other signalling molecules produced by the gas-
trointestinal tract.

1. Burdyga G et al. (2004). J Neurosci 24, 2708-2715.

2. Burdyga G et al.(2008). J Neurosci 28, 11583-11592.

3. de Lartigue G et al. (2007). J Neurosci 27, 2876-2882.
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Where applicable, the authors confirm that the experiments
described here conform with The Physiological Society ethical
requirements.

SA13

GLP-1 agonism: from physiology to pharmacology. Incretin
physiology and pathophysiology

J.J. Holst

Biomedical Sciences, University of Copenhagen, Copenhagen N,
Denmark

In healthy subjects, the incretin effect ensures that plasma glu-
cose concentrations after oral carbohydrates remain low regard-
less of the amount of glucose taken in. It is due to proportional
increases in GLP-1 and GIP secretion and corresponding insulin
responses. We studied this phenomenon in obese subjects with
T2DM and matched controls and found that incretin release
was unimpaired and proportional to the glucose load, but in
T2DM the effect on insulin was dramatically reduced regard-
less of load. We also identified gastric emptying rates of glu-
cose to contribute to both the release of incretin hormones and
to regulation of postprandial glycaemia. The incretin effect was

also reduced in diabetes secondary to chronic pancreatitis sug-
gesting that the loss is secondary to diabetes. In further stud-
ies, we were able to identify that obesity and glucose intoler-
ance are associated with the loss, and a similar loss could be
brought about in perfectly healthy subjects during glucocor-
ticoid induced insulin resistance and glucose intolerance. In
patients with T2DM, postprandial GLP-1 secretion is generally
impaired, and several factors including BMI, insulin resistance
and poor metabolic control are associated with this. The
insulinotropic actions of physiological amounts of GLP-1 and
GIP are lost, but pharmacological amounts of GLP-1 can still
normalize glucose induced insulin secretion and glucagon sup-
pression. As a result, pharmacological doses of GLP-1 may
greatly improve diabetic metabolism. It can be demonstrated
that insulinotropic and glucagonostatic effects of GLP-1 con-
tribute equally to its glucose lowering action. The suppression
of glucagon may be one of the most important actions of GLP-
1 as indicated from studies of the effects of the antagonist
exendin 9-39. Recent studies of GLP-1 secretion in patients with
RYGB suggest that hypersecretion of GLP-1 plays a prominent
role in the antidiabetic actions of this operation. Convincing
clinical results with GLP-1 agonists support this view.

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