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THREE BIG IDEAS FROM OUR DISCUSSION

® Overview of the metabolic switches of the
gastrointestinal tract—that are highly modifiable

® Nutritional interventions to improve the gut-
metabolic axis

® Leptin 2.0: Exploring gut-induced leptin resistance and
the extra-metabolic roles of leptin
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Cephalic Phase: preparing the body for food
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What Is the Incretin
effect?



"....a humoral substance is released from the
jejunal wall (small intestine) during glucose
absorption which acts by stimulating the
release of insulin from the pancreatic islet
cells.”

—Neil Mcintyrre 1965

McINTYRE, N., HOLDSWORTH, C. D., & TURNER, D. S. (1965). Intestinal Factors in the Control of Insulin Secretion. The Journal of Clinical Endocrinology and
Metabolism.



The Incretin Effect and the Gastrointestinally-Mediated
Glucose Disposal (GIGD)

Oral glucose ingestion
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Sumithran, P., Prendergast, L. A., Delbridge, E., Purcell, K., Shulkes, A.,
Kriketos, A., & Proietto, J. (2011). Long-term persistence of hormonal
adaptations to weight loss. N Engl J Med, 365(17), 1597-1604. doi:10.1056/
NEJMoa1105816
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Larder, R., & O'Rahilly, S. (2012). Guts over glory—why diets fail. Nature Medicine, 18(5), 666-667. http://doi.org/10.1038/nm.2747
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The incretin hormones: from scientific discovery to practical

therapeutics

S. Mudaliar - R. R. Henry
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Abstract Thc mcrctms are gut hormoncs sccmtcd in re-

dcgradcd by thc ublqultous protcasc DPP-4 Thls has lcd to

o e

“In 1986 Nauck and colleagues were the first to report reduced signaling of GLP-1 and

CCK in type-2 diabetes....26 years later and we know now have an expanded
understanding about how to optimize these gut-derived metabolic hormones, through a
nutritional perspective.”

-

and treating clinicians. In this edition of “Then and Now,’ it is
useful to look back 25 years and reflect upon the develop-
ments in this field since Nauck and colleagues published two
seminal papers. In 1986 they first documented a reduced
incretin effect in patients with type 2 diabetes (Diabetologia
29:46-52), and then in 1993 they demonstrated that, in
patients with poorly controlled type 2 diabetes, a single exog-
enous infusion of an incretin (GLP-1) increased insulin levels
in a glucose-dependent manner and normalised fasting hyper-
glycaemia (Diabetologia 36:741-744). In the ensuing
26 years, progress in the field of incretin hormones has
resulted in a greater understanding of the relative roles of
GLP-1 and glucose-dependent insulinotropic polypeptide se-
cretion and activity in the pathogenesis of type 2 diabetes and
the important recognition that native GLP-1 is quickly

Mudaliar, S., & Henry, R. R. (2012). The incretin hormones: from scientific discovery to practical therapeutics. Diabetologia, 55(7), 1865—-1868. http://doi.org/10.1007/s00125-012-2561-x

extra-glycaemic effects that could translate into potential car-
diovascular and other benefits.

Keywords GIP - GLP-1 - Incretin hormones
Abbreviations

CNS Central nervous system

DPP-4 Dipeptidyl peptidase IV

GIP Glucose-dependent insulinotropic peptide
GLP-1 Glucagon-like peptide 1

Then

In their 1986 Diabetologia paper [1], Nauck et al described
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Gut Peptides Are Novel Regulators
of Intestinal Lipoprotein Secretion:
Experimental and Pharmacological
Manipulation of Lipoprotein
Metabolism

Diabetes 2015;64:2310-2318 | DOI: 10.2337/db14-1706

Individuals with metabolic syndrome and frar |
diabetes are at increased risk of atheroscleroti
vascular disease, partially due to the presenc
and lipoprotein abnormalities. In these condil
liver and intestine overproduce lipoprotein A insulin secretion v . .
exacerbating the hyperlipidemia of fasting a N gastric emptying
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Incretin-based therapies: where will we be 50 years from now?

Juris J. Meier' « Michael A. Nauck'
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Abstract The development of incretin-based therapies (glu-
cagon-like peptide 1 [GLP-1] receptor agonists and dipeptidyl
peptidase-4 [DPP-4] inhibitors) has changed the landscape of
type 2 diabetes management over the past decade. Current
developments include longer-acting GLP-1 receptor agonists,
fixed-ratio combinations of GLP-1 analogues and basal insu-
lin, as well as implantable osmotic minipumps for long-term
delivery of GLP-1 receptor agonists. In longer terms, oral or
inhaled GLP-1 analogues may become a reality. In addition,
oral enhancers of GLP-1 secretion (e.g. via G-protein-coupled
receptors, nuclear farnesoid-receptor X and the G-protein-
coupled bile acid-activated receptor [TGRS5]) are currently
being explored in experimental studies. Combination of
GLP-1 with other gut hormones (e.g. peptide Y'Y, glucagon,
gastrin, glucose-dependent insulinotropic polypeptide [GIP],
secretin, cholecystokinin, vasoactive intestinal polypeptide
and pituitary adenylate cyclase-activating polypeptide) may
enhance the glucose- and weight-lowering effect of GLP-1
alone, and dual or triple hormone receptor agonists may even
exploit the properties of different peptides with just one mol-
ecule. There is also an increasing interest in employing
incretin-based therapies in other areas, such as type 1 diabetes,
impaired glucose metabolism, obesity, polycystic ovary syn-
drome, non-alcoholic fatty liver disease (NAFLD)/non-alco-
holic steatohepatitis (NASH), psoriasis or even neurodegener-
ation. Thus, incretin-based therapies may continue to broaden
the therapeutic spectrum for type 2 diabetes and for various

other indication
commentaries 1
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Bowels control brain: gut hormones

and obesity

Benjamin C. T. Field, Owais B. Chaudhn and Stephen R. Bloom

Abstract | Food intake and energy expenditure are tightly regulated by the brain, in @ homeostatic process

that integrates diverse hormonal, neuronal and metabolic signals. The gastrointestinal tract is an important
source of such signals, which include several hormones released by specialized enteroendocrine cells. These
hormones exert powerful effects on appetite and energy expenditure. This Review addresses the physiological
roles of peptide YY, pancreatic polypeptide, islet amyloid polypeptide, glucagon-like peptide 1, glucagon,
oxyntomodulin, cholecystokinin and ghrelin and discusses their potential as targets for the development of

novel treatments for obesity.

Fleid, B. C, T et al. Nat, Rev, Endocringd, acvance online publication 29 June 2010; dol10.1038/nrende.2010.93

Introduction

Energy intake and expenditure are regulated by a homeo-
static mechanism; in healthy adults, body weight thus
remains relatively constant over decades despite large
short-term fluctuations in food intake and physical
activity. This remarkable feat is achieved by a complex

“A potential therapy for obesity might be based on the concept of

pharmacological mimicry of the hormonal milieu after bariatric surgery.”

toxic substances in the blood; the volume, composition
and satiating effect of nutrients in the gastrointestinal
tract; and the appearance, aroma and taste of potential
foodstuffs. This information is integrated with neuronal
contributions from pleasure and reward pathways, as
well as higher cognitive functions, such as an awareness
of social context. Efferent signals from the homeostatic
network are directed to the neuroendocrine axes, auto-
nomic nervous system and diverse regions of the CNS.
The result is a finely controlled, continuous adaptation to,
and alteration of, a fluctuating energy requirement.

Neuronal control of energy homeostasis

Meal-related hormonal and neuronal signals from the
gastrointestinal tract are received via the blood in the area
postrema and through vagal afferent fibers in the nucleus
of the tractus solitarius (Figure 1). These sensory inputs
are transmitted via the parabrachial nucleus and ventral
tegmental area to other centers, including the amygdala

Competing interests

and nucleus accumbens, where reward is assigned to
them in a process involving dopaminergic, opioid and
5-hydroxytryptamine signaling. Inputs from these path-
ways are integrated with circulating signals of nutritional
state, such as fatty acids and the adipocyte hormone

is inhibited. Axons from both types of neurons project in
parallel to the paraventricular nucleus and lateral hypo-
thalamic area. Release of a-melanocyte-stimulating
hormone by POMC-expressing neurons leads to acti-
vation of the melanocortin receptor 4 (MC4R), which
results in the reduction of food intake and an increased
energy expenditure. By contrast, release of NPY activates
Y, and Y, receptors, which increases food intake and
reduces energy expenditure. NPY-expressing neurons
also release agouti-related peptide, an endogenous
antagonist of the MC4R. The response to this dual inner-
vation within the paraventricular nucleus leads to modu-
lation of energy expenditure via the thyroid and adrenal
axes and the sympathetic nervous system.

Within the lateral hypothalamic area, second order
neurons that express melanin-concentrating hormone
and orexins are of importance in modulating food intake.
In the ventromedial nucleus, neurons that express brain-
derived neurotrophic factor regulate palatable food
ingestion via interactions with the amygdala and nucleus
accumbens. Motivation and cognition influence energy
homeostasis and are influenced in turn by nutritional
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Mechanism of increase in plasma intact GLP-1 by
metformin in type 2 diabetes: Stimulation of GLP-1
secretion or reduction in plasma DPP-4 activity?
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e Dipeptidyl Peptidase IV Inhibitors: A New
Paradigm in Type 2 Diabetes Treatment

Drug Targets

Authors: Janardhan, Sridhara; Narahari Sastry, G. Buy Article:
Source: Current Drug Targets, Volume 15, Number 6, June $63.10 plus tax

2014, pp. 600-621(22) (Refund Policy)

Publisher: Bentham Science Publishers AD
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Abstract:

Dipeptidyl peptidase IV (DPP4) is a promising target for the treatment of chronic metabolic type 2 diabetes mellitus
(T2D). DPP4 is a highly specific serine protease involved in the regulation and cleavage of two incretin hormones,
glucagon-like peptide (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP). These incretin hormones are
released by the gastrointestinal tract in response to ingestion of food and stimulate insulin secretion and thereby
regulate glucose homeostasis with a low risk of hypoglycemia and glucagon secretion. Currently different chemical
classes of DPP4 inhibitors are in last-stage of clinical trials and few of them such as sitagliptin, vildagliptin, saxagliptin
alogliptin and linagliptin have already been successfully released into market. These drugs have been approved as
either monotherapy or combination therapy with other oral hypoglycemic agents such as metformin, pioglitazone,
sulfonylurea, glyburide and glibenclamide for the treatment of T2D. Though several clinical trial compounds were
discontinued because of severe adverse toxic effects that are associated with other prolyldipeptidases include DPP8
and DPP9. The current review provides an overview of DPP4 and its inhibitors with emphasis on the structure,
expression, activity, selectivity and pharmacokinetics information. This review further dwells upon the issues relating
to the rational design and development of selective DPP4 inhibitors for the treatment of T2D.
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Long-Term Persistence of Hormonal
Adaptations to Weight Loss

“One year after initial weight reduction, levels of the circulating
mediators of appetite that encourage weight regain after diet-
induced weight loss did not revert to the levels recorded before
weight loss.”
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Weight loss (mean [#SE], 13.5+0.5 kg) led to significant re
leptin, peptide YY, cholecystokinin, insulin (P<0.001 for all comparisons), and amylin
(P=0.002) and to increases in levels of ghrelin (P<0.001), gastric inhibitory polypep-
tide (P=0.004), and pancreatic polypeptide (P=0.008). There was also a significant
increase in subjective appetite (P<0.001). One year after the initial weight loss, there
were still significant differences from baseline in the mean levels of leptin (P<0.001),

Sumithran, P., Prendergast, L. A., Delbridge, E., Purcell, K., Shulkes, A.,
Kriketos, A., & Proietto, J. (2011). Long-term persistence of hormonal
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Comparable effects of moderate intensity exercise on changes in
anorectic gut hormone levels and energy intake to high intensity
exercise

Shin-ya Ueda, Takahiro Yoshikawa, Yoshihiro Katsura, Tatsuya Usui and Shigeo Fujimoto

Department of Sports Medicine, Osaka City University Graduate School of Medicine, 1-4-3, Asahi-machi, Abeno-ku, Osaka 545-8585, Japan
(Correspondence should be addressed to T Yoshikawa; Email: tkhr6719@med.osaka-cu.ac.jp)

Abstract

There is growing interest in the effects of exercise on plasma
gut hormone levels and subsequent energy intake (EI) but the
effects of mode and exercise intensity on anorectic hormone
profiles on subsequent EI remain to be elucidated. We aimed
to investigate whether circulating peptide YY;_34 (PYY3_3)
and glucagon-like peptide-1 (GLP-1 or GCG as listed in the
HUGO Database) levels depend on exercise intensity, which
could affect subsequent EI. Ten young male subjects (mean
+s.p., age: 23-414-3 years, body mass index: 22-5
+1-0kg/ m?, and maximum oxygen uptake (VO .-
45-9 + 8-5 ml/kg per min) received a standardized breakfast,
which was followed by constant cycling exercise at 75% VO,
max (high intensity session), 50% VO, ... (moderate intensity
session), or rest (resting session) for 30 min. At lunch, a test
meal was presented, and EI was calculated. Blood samples

were obtained during three sessions for measurements of
glucose, insulin, PYY3_s¢, and GLP-1, which includes GLP-1
(7-36) amide and GLP-1 (9-36) amide. Increases in blood
PYY; 3¢ levels were dependent on the exercise intensity
(effect of session: P<0-001 by two-way ANOVA), whereas
those in GLP-1 levels were similar between two different
exercise sessions. Of note, increase in area under the curve
values for GLP-1 levels was negatively correlated with
decrease in the EI in each exercise session (high: P<0-001,
moderate: P=0-002). The present findings raise the
possibility that each gut hormone exhibits its specific blood
kinetics in response to two different intensities of exercise
stimuli and might play differential roles in regulation of EI
after exercise.

Journal of Endocrinology (2009) 203, 357-364
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Eating rate is associated with cardiometabolic risk
factors in Korean adults
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KEYWORDS Summary Background and Aim: Eating slowly is a crucial concept in behavioural nutrition ¥ Lb

Eating rate; and is recommended for weight management as it is believed to have an important effect s

Satiety; on satiety control. This study aimed to determine whether or not eating rate is associated with

Cardiometabolic cardiometabolic risk factors.

risks; Methods and results: This was a cross-sectional study involving 8775 Korean adults, who visited

Cardiovascular the Center for Health Promotion of Korea University Anam Hospital in Seoul, Korea. In male

diseases; study participants, weight and body mass index (BMI) were found to depend on eating rate

Obesity after adjusting for age, alcohol consumption, smoking, exercise and total energy intake. When

adjusted for age, alcehol consumpticon, smoking, exercise and BMI, differences were found
between the eating rate groups with respect to high-density lipoprotein (HDL)-cholestersl,
alanine aminotransferase (ALT) and alkaline phosphatase (ALP) values, white blood cell
{WBC) count and total energy intake. Female participants were found to be different from
males in that diastolic blood pressure and low-density lipoprotein {LDL)- and HDL-
cholesterol values were significantly different between each eating rate group, while ALT
and ALP values, WBC count and total energy intake were not. Compared with the slow eating
rate group (=15 min), the fastest eating rate group (<5 min) had significantly increased odds
ratios for cardiometabolic risk factors such as high glucose and low HDL-cholesterol levels in
males, even after adjusting for BMI.

Abbreviations: ALP, alkaline phosphatase; ALT, alanine aminotransferase; ANCOVA, analysis of covariance; ANOVA, analysis of variance;
AST, aspartate aminotransferase; BMI, body mass index; v-GT, gamma glutamyltransferase; HOL, high-density lipoprotein; HOMA-IR,
homeostasis model assessment of insulin resistance; hs-CRP, high sensitive C-reactive protein; LOL, low-density lipoprotein; TSH, thyroid
stimulating hormone; WBC, white blood cell; NTS, the nucleus of the solitary tract; CCK, cholecystokining GLP-1, glucagon-like peptide 1;
PYY, peptide YY; CPRs, cephalic phase responses; CHDY, coronary heart disease.

* Corresponding author, Tel.: +82 31 412 5365; fax: +82 31 412 5364,
E-mail address: kmcfm®hanmail.net (D.H. Kim).

0939-4753/% - see front matter @ 2012 Elsevier B.V. All rights reserved.
doi: 10,1016/ j.numecd. 2012.02.003
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Acute stress potentiates brain response to milkshake as a
function of body weight and chronic stress

K.J Rudenga, MPhil1Z, R Sinha, PhD3, and DM Small, PhD2.3

Interdepartmental Neuroscience Program, Yale University, SHM L-200, New Haven, CT 06520
UsA

*The John B Pierce Laboratory, 280 Congress Ave, New Haven, CT 06519 USA

‘Department of Psychiatry, Yale University School of Medicing, 300 George St New Haven, CT
06511 USA

Abstract

Objective—5tress is associated with increased intake of palatable foods and with weight gain,
particularly in overweight women. Stress, food, and body mass index (BMI) have been separately
shown to impact amygdala activity. However, it is not known whether stress influences amygdala
responses 1o palatable foods, and whether this response is associated with chronic stress or BMIL

Design—rFourteen overweight and obese women participated in a functional magnetic resonance
imaging (fMRI) scan as they consumed a palatable milkshake during script-driven
autobiographical guided imagery of stressful and neutral-relaxing scenarios.

Results—We report that a network including insula, somatomotor mouth area, ventral striatum,
and thalamus responds to milkshake receipt, but none of these areas are impacted by stress. In
contrast, while the left amygdala responds to milkshake irrespective of condition, the right
amygdala responds to milkshake only under stressful conditions. Moreover, this right amygdala
response is positively associated with basal cortisal levels, an objective measure of chronic stress.
We also found a positive relationship between BMI and stress related increased response to
milkshake in the orbitofroatal cortex.

Conclusions—These results demonstrate that acute stress potentiates response to food in the
right amygdala and crbitofrontal cortex as a function of chronic stress and body weight,
respaectively. This suggests that the influence of acute stress in potentiating amygdala and OFC
responses o food is dependent upon individual factors like BMI and chronic stress, We conclude
that BMI and chronic stress play a significant role in brain response (o food and in stress-related
eating.

Keywords

Stress potentiates brain response to food in obese with chronic stress; Risk factors for obesity;
Obesity and the brain; nearoimaging
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dsneall & jbpierce org; phone: 203-362-9001 ext 210; fax: (200) 6244930,

Confict of Interest
The authors declase that they have no competing financial conflicts of interest.



Behaviour, Appetite and Obesity

Increasing the number of masticatory cycles is associated with reduced
appetite and altered postprandial plasma concentrations of gut hormones,
insulin and glucose

Yong Zhu?'1, Walter H. Hsu@2 and James H. Hollis2" ¢’

al Department of Food Science and Human Nutrition, lowa State University, Ames, IA 50011, USA

a2 Department of Biomedical Sciences, lowa State University, Ames, IA 50011, USA

Abstract

To determine the influence of masticatory efficiency on postprandial satiety and glycaemic response, twenty-one
healthy males were recruited for this randomised cross-over trial. The participants consumed a fixed amount of pizza
provided in equal-sized portions by chewing each portion either fifteen or forty times before swallowing. Subjective
appetite was measured by appetite questionnaires at regular intervals for 3 h after the meal and plasma samples were
collected for the measurement of selected satiety-related hormones, glucose, insulin and glucose-dependent
insulinotropic peptide (GIP) concentrations. An ad libitum meal was provided shortly after the last blood sample was
drawn and the amount eaten recorded. Compared with fifteen chews, chewing forty times per portion resulted in lower
hunger (P= 0:009), preoccupation with food (P= 0-005) and desire to eat (P= 0-002). Meanwhile, plasma concentrations
of glucose (P= 0-:024), insulin (P< 0-001) and GIP (P< 0:001) were higher following the forty-chews meal. Chewing forty
times before swallowing also resulted in a higher plasma cholecystokinin concentration (P= 0-045) and a trend towards
a lower ghrelin concentration (P= 0-051). However, food intake at the subsequent test meal did not differ (P= 0-851).
The results suggest that a higher number of masticatory cycles before swallowing may provide beneficial effects on
satiety and facilitate glucose absorption.

Mindful Chewing
Activates Vagal
Nerve and Gut
Hormones
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Reference Participants Intervention Results
N BMI Design Effect on appetite Effect on energy intake Hormones &
metabolites
Cassadyet al. [19] 13 HW Fixed weight almonds (11 x 5-g portions) Yes, (40-chew condition NA No. But trend (p =
chewed 10, 25 or 40 times; within subjects differs from 25 chews, but not 0055) for GLP-1 to be
from 10-chews) 1+ when chewing
increases
Liet al. [25] 30 16 HW Fixed amount of pork pie (300 g in 10-g pieces) No effect on appetite ratings  Yes, | energy intake when No effect on glucose
Study 1 14 OB chewed 15 or 40 times; 12 h later breakfast food is chewed longer or insulin
(observational, intake measured; within subjects Ghrelin |, GLP-1 1,
not reported CCK 1 with more
here) chews
Zhu et al. [32] 21 HWand Fixed breakfast of pizza “bites” chewed 150or  Yes; hunger, desire to eat and No effect on energy intake Yes more chews 1
ow 40 times; 3 h later ad libitum pasta intake preoccupation with food were glucose, insulin and
recorded; within subjects | after longer chewing (no GIP and t CCK; tend
effect on fullness ratings) to | decrease ghrelin
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Intraduodenal Administration of Intact Pea Protein
Effectively Reduces Food Intake in Both Lean and Obese
Male Subjects

Maartje C. P. Geraedts'>*, Freddy J. Troost®>, Marjet J. M. Munsters ', Jos H. C. H. Stegen'"?, Rogier J. de
Ridder®?, Jose M. Conchillo?®3, Joanna W. Kruimel®*?, Ad A. M. Masclee?3, Wim H. M. Saris'3

1 Department of Human Biology, Maastricht University Medical Center, Maastricht, The Netherlands, 2 Department of Internal Medicine, Division of Gastroenterology and
Hepatology, Maastricht University Medical Center, Maastricht, The Netherlands, 3 Nutrition and Toxicology Research Institute Maastricht, Maastricht, The Netherlands

Abstract

Background: Human duodenal mucosa secretes increased levels of satiety signals upon exposure to intact protein.
However, after oral protein ingestion, gastric digestion leaves little intact proteins to enter the duodenum. This study
investigated whether bypassing the stomach, through intraduodenal administration, affects hormone release and food-
intake to a larger extent than orally administered protein in both lean and obese subjects.

Methods: Ten lean (BMI:23.0+0.7 kg/m?) and ten obese (BMI:33.4+1.4 kg/m?) healthy male subjects were included. All
subjects randomly received either pea protein solutions (250 mg/kg bodyweight in 0.4 ml/kg bodyweight of water) or
placebo (0.4 ml/kg bodyweight of water), either orally or intraduodenally via a naso-duodenal tube. Appetite-profile,
plasma GLP-1, CCK, and PYY concentrations were determined over a 2 h period. After 2 h, subjects received an ad-libitum
meal and food-intake was recorded.

Results: CCK levels were increased at 10(p<<0.02) and 20(p<<0.07) minutes after intraduodenal protein administration (IPA),
in obese subjects, compared to lean subjects, but also compared to oral protein administration (OPA)(p<0.04). GLP-1 levels
increased after IPA in obese subjects after 90(p<<0.02) to 120(p<0.017) minutes, compared to OPA. Food-intake was reduced
after IPA both in lean and obese subjects (-168.9:-40 kcal (p<<0.07) and —298.2:+44 kcal (p<0.01), respectively), compared
to placebo. Also, in obese subjects, food-intake was decreased after IPA (—132.6:+42 kcal; p<<0.01), compared to OPA.

Conclusions: Prevention of gastric proteolysis through bypassing the stomach effectively reduces food intake, and seems to
affect obese subjects to a greater extent than lean subjects. Enteric coating of intact protein supplements may provide an
effective dietary strategy in the prevention/treatment of obesity.

Citation: Geraedts MCP, Troost FJ, Munsters MJM, Stegen JHCH, de Ridder RJ, et al. (2011) Intraduodenal Administration of Intact Pea Protein Effectively Reduces
Food Intake in Both Lean and Obese Male Subjects. PLoS ONE 6(9): e24878. doi:10.1371/journal.pone.0024878

Editor: Jean-Marc A. Lobaccaro, Clermont Université, France
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Pea protein in humans modifies gut-endocrine hormones
GLP-1, CCK and PYY
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compared to lean children [3]. Also, PYY levels are lower in obese

Food ingestion triggers a number of stimuli, such as the release
of the gastrointestinal hormones cholecystokinin (CCK), glucagon-
like peptide 1 (GLP-1) and peptide YY (PYY). These hormones are
known to be involved in the modulation of appetite sensations.
CCK is produced by I-cells in the duedenal and jejunal mucosa,
and is secreted in response to luminal food compounds, especially
lipids and proteins [1]. GLP-1 and PYY are produced primarily by
the L-cells in the more distal small intestine and colon. Ingested
nutrients stimulate CCK-, GLP-1-, and PYY secretion indirectly

by neurohumoral mechanisms, e.g. feedback mechanisms of

hormones from a more distal part of the small intestine, as well
as by direct sensing mechanisms at the intestinal mucosa [2,3].

Prewnanchy 1t wae demancetrated that the nlaema levele af CAT P21

subjects compared to lean subjects [6]. These data indicate that there
are significant differences between lean and obese subjects with
respect to hormone release, and that the gut may respond different to
ingested nutrients in obese subjects, compared to lean subjects.
Among all properties of food, the total energy content and the
macronutrient composition appears to be one of the major
determinants of the control of food intake. Recent literature points
to the effect of dietary protein in reducing food intake by improving
satiety sensations [7,8]. It seems that proteins have the highest
satiating effect when compared to carbohydrates and in particular
fats in humans and rats [9,10], although the nature of the protein
can influence its satiating effects. In most cases, high-protein meals
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Nutrient sensing in the gut: new roads
to therapeutics?
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Non-digestible

: Chitin-glucan Phenolic compounds
nutrients

- 1 Bifidobacterium spp. 1 Lactobacillus spp. 1 Collinsenlla spp. 1 Roseburia spp.
" 1 Akkermansia muciniphila 1 Faecalibacterium prausnitzii 1 Bacteroides-Prevotella spp.

v & <=

1 L cells | Lipogenesis | PPARg/GPR43 1 Insulin sensitivity
Molecular 1 Tight junctions (barrier) | Inflammatory markers | Inflammatory markers 1 Inflammatory markers
targets 1 GLP-1, GLP-2, PYY Regulate eCB system tone
Regulation of eCB system tone Change apelinergic system tone
- consequences | Glycemia | Fat mass | Steatosis | Appetite | Lipemia
mlgeteditym ~ | Insulin resistance 1 Glucose tolerance | Inflammation | Metabolic endotoxemia

Modulation of the endocannabinoid and the apelinergic system tone

. ‘|| é‘\2013. Beneficial Microbes, 1(-1), 1-15.



(a)
Multiple actions
Berberine
Bitter melon
Cilli pepper and capsaicin
Turmeric
Mate tea, matesaponins, and dicaffeoylquinic
acids
Ginger and gingerol
Chinese tea and EGCG
[. okamurae

Fructans
Monounsaturated fatty acid Soybean

Rooibos

GLP-1 —

l". vera

l Quercetin

Resveratrol

B cells { Insulin resistance

C. papaya / Licorice and amorfrutins
P. amaryllifolius Dioscorea and polysaccharides

Kinsenoside Hyperglycemia Blueberry and anthocyanins

Silymarin Astragalus and polysaccharides

B. pilosa and polyynes G. elata

Cinnamon

, Fenugreek
Glucose (re)absorption

] }’(hcc

Safflower and serotonin derivatives
L. japonica and butyl-isobutyl-phosphate

Chang, C. L. T,, Lin, Y., Bartolome, A. P, Chen, Y.-C., Chiu, S.-C., & Yang, W.-C. (2013). Herbal Therapies for Type 2 Diabetes Mellitus: Chemistry, Biology, and
Potential Application of Selected Plants and Compounds. Evidence-Based Complementary and Alternative Medicine, 2013(1), 1-33. doi:10.1001/jama.294.1.97




Table 1. Effects of polyphenols on neuropeptides/neurchormones that may have an effect on the central nervous system in obesity

\ Polyphenol Neuropeptide Observed results Refrences
Cinnamon polyphenol Insulin Improved insulin sensitivity in subjects with type-2 diabetes, [6,124-127)
metabolic syndrome, and in women with PCOS;
anti-oxidant effects in obese subjects; improves insulin
? sensitivity in an animal model of metabolic syndrome;
Ji 1 GLP-1 Increased postprandial serum GLP-1 in healthy subjects [128)
\ (Hlebowicz et al. 2009)
Curcumin IGF1 Increases IGF-1 levels in the rat brain in an animal model of [129]
insulin resistance
Resveratrol NPY, AgRP Downregulation of NPY and Agrp activities in N29-4 mouse [130]
hypothalamic cells.
Insulin Improved insulin resistance in fructose-fed insulin-resistant [131-134]

rats; attenuated abnormal insulin secretion from islets of
high-fat fed mice; improved insulin sensitivity in normal
lemurs without affecting insulin secretion; improved insulin
tolerance in KKAly) insulin-resistant mice

Amylin Inhibits amyylin fibril formation in INS-1E rat insulinoma cells [135]
GLP-1 Increased GLP-1 content in high-fat fed diabetic mice [136]
Grape-seed Extract Insulin Improved insulin resistance in high-fructose fed rats; no [137-139]

significant effect on insulin resistance in type-2 diabetic
subjects; displayed insulin-mimetic activity in LGES
myoblasts and 3T3-L1 adipocytes
Apigenin POMC, CART Decreased food intake in mice fed a high-fat diet; increased (140]
POMC and CART gene expression in N29-2 and SH-SY-5Y
neuronal cell lines

Adlay seed water Extract NPY, leptin Decrease in hypothalamic NPY and leptin mRNA and [141]
antiobesity effects in rats
Soy isoflavone PYY Plasma PYY increased in healthy postmenopausal women [142)
Insulin, Improved insulin sensitivity in postmenopausal leptin women [143,144]

but did not change serum leptin; possible effect on reducing
serum leptin in obese postmenopausal women

IGF-1 Increased circulating levels of IGF-1 in postmenopausal [145)
women
Oleuropein Aglycone amylin Atenuated aggregation of amylin in RIN-5F pancreatic cells [146]
EGCG amylin Inhibits amylin fibril formation in vitro [147)
IGF-1 Inhibitory effect of EGCG mediated by IGF-1 in human [148]
glioblastoma cell lines.
Carob pulp Polyphenol ghrelin Decreased acyclated ghrelin in healthy subjects and enhanced [148]
lipid oxidation
Green tea polyphenol ghrelin Decreased ghrelin prepropeptide mRNA in the liver in rats fed [150]
a high-fat diet
IGF-1, leptin Decreased serum IGF-1 and leptin levels in obese rats [151)
Insulin Maternal feeding of green tea ameliorates insulin resistance [152,153]
in offspring; improves insulin secretion in obese mice
Berries GLP-1 Modest response of GLP-1 response in the venous blood of [154]
healthy subjects with improved glycemic profile
Chocolate Orexin Context-dependent expectation of chocolate increased (155) G < ST
orexin-A neuronal activation in rat hypothalamus e ol A L e\ e
Insulin Decreased insulin resistance and increased insulin sensitivity [156] T D OGRS, ) BRI ¢ <, Ao “ .
in hypertensive subjects with impaired glucose tolerance B B0 T NS Ro2o2o B SR
Ghrelin Olfactory stimulation with chocolate induced a satiation [157] S  Pg ). Effects of dietary polyphenols on

response in 12 women that inversely correlated with neuroregulatory factors and pathways that mediate food
plasma ghrelin levels

Cocoa Insulin Meta-analysis report shows that cocoa improved insulin (158, 159) Bl intake and energy regulation in obesity. Molecular Nutrition
resistance in subjects; no significant difference in fasting e & Food Research, 57(1), 34-47. doi:10.1002/mnfr.
_plasma insulin levels in obese/diabetic rats - 201200431
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Resveratrol Increases Glucose Induced GLP-1 Secretion in
Mice: A Mechanism which Contributes to the Glycemic
Control

Thi-Mai Anh Dao'??, Aurélie Waget'?, Pascale Klopp'~, Matteo Serino'?, Christelle Vachoux'?, Laurent

Pechere®, Daniel J. Drucker®, Serge Champion?, Sylvain Barthélemy®, Yves Barra®, Rémy Burcelin'?*, Eric
Sérée™
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CINMCL Mool de Ranguell Toulouse, France, 3 Instaut National de & Rechesche
Agronomique 1260, Facuné de Pharmacie, Marselie, France, 4 INTERONOVA SAS, Incubateur Mic-Pyrenndes, Toulowse, France, 3 Department of Medcine, Somue

Lunenfeld Research institute, Mount Singl Mospital, University of Tororto, Toromo, Ontario, Canada. 6 YVLRY SARL Marseile. France

Abstract

Resveratrol (RSV) is a potent anti-diabetic agent when used at high doses. However, the direct targets primarily responsible
for the beneficial actions of RSV remain unclear. We used a formulation that increases oral bicavailability to assess the
mechanisms involved in the glucoregulatory action of RSV in high-fat diet (HFD)-fed diabetic wild type mice, Administration
of RSV for S weeks reduced the development of glucose intolerance, and increased portal vein concentrations of both
Glucagon-like peptid-1 (GLP-1) and insulin, and intestinal content of active GLP-1, This was associated with increased levels
of colonic proglucagon mMRNA transcripts. RSV-mediated glucoregulation required a functional GLP-1 receptor (Glp1r) as
neither glucose nor insulin levels were modulated in Glpir-/- mice. Conversely, levels of active GLP-1 and control of
glycemia were further improved when the Dipeptidyl peptidase-4 (DPP-4) inhibitor sitagliptin was co-administered with
RSV. In addition, RSV treatment modified gut microbiota and decreased the inflammatory status of mice, Our data suggest
that RSV exerts its actions in part through modulation of the enteroendocrine axis in vivo,
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Meet Berberine
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Ficure 1: Chemical structure of berberine.

Yu, Y., Liu, L., Wang, X, Liu, X,, Liu, X., Xie, L., & Wang, G. (2010). Modulation of glucagon-like peptide-1 release by berberine: In vivo and in vitro studies. Biochemical
Pharmacology, 79(7), 1000-1006. doi:10.1016/j.bcp.2009.11.017



TasLe 6: Comparison of clinical studies of berberine in diabetes patients.

Study type Study subjects  Berberine dosage Control treatment Major findings Side effects Reference
Significantly reduced
fasting and postload
Randomised, Type 2 diabetes plasma glucose, HbA,, .
double-blind, and 0.5g, b.i.d for 3 Placeb Significantly reduced M;l‘gtito ?l)ogcra;c (61]
placebo-controlled,  dyslipidemia months i triglyceride, total ogtienlt): e
multiple-center (n=116) cholesterol, and P
LDL-cholesterol
Significantly reduced
Type 2 diabetes 0.5g,tidfor3  Metformin (0.5g F.B G.’ AN A
(n = 36) et ti.d) Significantly reduced
= plasma triglycerides
Randomised, blinded, Transient [14]
placebo-controlled Lowered FBGand PBG 1\ intestinal
Type 2 diabetes Existi Significantly decreased
g ting adverse effects. No
poorly 0.5g, t.i.d for 3 PP R PR HbA,, liver or kidney
controlled months Eato e Significantly reduced BRI,
(n = 48) fasting plasma insulin %
and HOMA-IR
Significantly reduced
FBG, HbA,, and
triglycerides
Methocmin Serum insulin level was
. declined significantly
Type 2 diabetes 1 g/day for 2 (1.5 g/day); 4
1 S (P <0.01), increased
(n=297) months rosiglitazone R R
(4 mg/day) oh SEDSITVESY
: peripheral tissues. 62]
Randomised Significantly elevated ~ No adverse events
surface expression of
InsR by 3.6-fold
; Significantly reduced
FYPE Jnanetey FBG and triglyceride
with chronic
hepatitis C virus 1 &/9aYfor2 g evels
5 months Reduced the elevated
infection
(n = 35) ALT and aspartate

aminotransferase levels
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Original article

Berberine improves reproductive features in obese Caucasian women @Cmm
with polycystic ovary syndrome independently of changes of insulin
sensitivity

Francesco Orio*®*, Giovanna Muscogiuri, Stefano Palomba ¢, Silvia Savastano®€,
Alessio Volpe ¢, Marcello Orio’, Giorgio Colarieti#, Giovanni Battista La Sala¢,
Annamaria Colao ¢, Francesca Marciano ", Antonio Ascione’, Pietro Putignano’

 Endocrinology, University “Parthenope” Naples, Naples, Italy

® Endocrinology of Fertile Age, University Hospital *S. Giovanni di Dio ¢ Ruggi d’Aragona” Salerno, Italy
¢ Department of Clinical Medicine and Surgery, University “Federico II™ Naples, Italy

“ Unit of Obstetrics and Cynaecology, Arcispedale Santa Maria Nuova, Istituto di Ricovero e Cura a Carattere Scientifico, University of Modena and Reggio
Emilia, Reggio Emilia, ltaly

€ Faculty of Medicine and Surgery. University of Salerno, Italy

! Antidiabetic Center “CMSO", Salerno, taly

% Fertility Technique Unit, University Hospital *S. Giovanni di Dio e Ruggi d’Aragona” Salerno, ltaly

" Laboratory ASL Salerno, Italy

'University “Parthenope™ Naples, ltaly

! Outpatient Diabetic Clinic, “San Gerardo™ Hospital, Monza, Italy

ARTICLE INPO ABSTRACT
Article history: Background and aims: Berberine (BBR) is an isoquinoline derivative alkaloid isolated from Rhizoma
Received 27 March 2013 Coptidis traditionally used as anti diarrheic and, more recently, as hypolipidemic and insulin sensitizer
Accepted 17 July 2013 agent. Thus, BBR could represent a potential therapeutic option for patients with polycystic ovary syn-
drome (PCOS). The aim of this study was to evaluate the clinical, metabolic and hormonal effects of BBR
Keywords: in PCOS women.
:c"g;“"" Methods: Fifty oligoamenorrheic PCOS obese women and 50 age and Body Mass Index (BMI) matched
Baae oo healthy controls were enrolled. PCOS women received BBR treatment (500 mg, 2 times daily) for 6
FAI months. Clinical and biochemical parameters were assessed before and after the treatment period.
Testosterone Results: Total testosterone (p < 0.01), free androgen index (p < 0.01), androstenedione (p < 0.01), sex
BMI hormone binding globulin (p < 0.01), progesterone (p < 0.01), total cholesterol (p - 0.01), low density

lipoprotein cholesterol (p < 0.01), triglycerides (p < 0.01), area under the curve of insulin (p < 0.01),
menses frequency (p < 0.01) and Waist Circumference (p = 0.04) significantly (p < 0.05) improved after
BBR treatment. No correlation was found between variations of insulin sensitivity and hormonal changes.
Conclusions: BBR improves clinical, metabolic and reproductive features in PCOS women. Its mechanism

of actions need to be elucidated in further studies.
© 2013 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights
reserved,
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Berberine in the Treatment of Type 2 Diabetes Mellitus:
A Systemic Review and Meta-Analysis

Hui Dong,' Nan Wang,’ Li Zhao,' and Fuer Lu'
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“Based on the existing evidence reviewed, berberine has beneficial
effects on blood glucose control in the treatment of type 2 diabetic
patients and exhibits efficacy comparable with that of conventional oral
hypoglycaemics.”

number of trials, and unidentified risks of bias.

1. Introduction

The prevalence of diabetes mellitus (DM) has continued
to increase globally. According to the latest figures from
the International Diabetes Federation (IDF), the number of
individuals with diabetes in 2011 has reached a staggering
366 million, causing 4.6 million deaths ecach year. Type 2
diabetes mellitus (T2DM) is the most common form of
diabetes. Initial therapy for treating T2DM includes diet and
wizrcse, loSowd by the use of oml Sypoglycernic agants and
potentially subcutaneous insulin injections [1, 21, Ewdence
from manv multicenter trials has demaonstrated that the

adverse effects limit their widespread use in clinical practice
[4].

Consequently, many diabetic patients are also suggested
to receive complementary and alternative medicine thera-
pies. This is particularly true in China [5]. DM is referred to
as “Xiao Ke” discase (which means emaciation and thirst) in
Chinese medicine, which is a consequence of over-intake of
greasy food and sedentary lifestyle [6). There is a long history
of using herta mmoticstions to freat dHabetez In Chima,
Numerous researches also mpgest that soime hechal therapies
may have a role in the treatment of this complex discase [7].
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http://www.biomedcentral.com/1472-6882/14/188 BMC

Complementary & Alternative Medicine

RESEARCH ARTICLE Open Access

Berberine moderates glucose metabolism
through the GnRH-GLP-1 and MAPK pathways in
the intestine

Qian Zhang, Xinhua Xiao', Ming Li, Wenhui Li, Miao Yu, Huabing Zhang, Fan Ping, Zhixin Wang and Jia Zheng

rAbstract ]

Ba ° ° ° . . o .
«“Rhuzima Coptidis was recorded as an anti-diabetes medication
stu

v approximately 1500 years ago in a book titled “Note of Elite
"sPhysicians” by Hongjing Tao™

anc
Results: We found that 8 weeks of treatment with berberine significantly decreased fasting blood glucose levels.
An oral glucose tolerance test (OGTT) showed that blood glucose was significantly reduced in the Berl and BerH
groups before and at 30 min, 60 min and 120 min after oral glucose administration. Plasma postprandial glucagon-
like peptide-1 (GLP-1) levels were increased in the berberine-treated groups. The ileum from the BerH group had
2112 genes with significantly changed expression (780 increased, 1332 decreased). KEGG pathway analyses indicated
that all differentially expressed genes included 9 KEGG pathways. The top two pathways were the MAPK signaling
pathway and the GnRH signaling pathway. Q-RT-PCR and immunohistochemistry verified that glucagon-like peptide 1
receptor (Glp1r) and mitogen activated protein kinase 10 (Mapk10) were significantly up-regulated, in contrast,
gonadotropin releasing hormone receptor (Gnrhr) and gonadotropin-releasing hormone 1 (Gnrh1) were
down-regulated in the BerH group.

Conclusion: Our data suggest that berberine can improve blood glucose levels in diabetic rats. The mechanisms
involved may be in the MAPK and GnRh-Glp-1 pathways in the ileum.

Keywords: Diabetes, Digestive tract, Gene expression, GnRH
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Results: We found that 8 weeks of treatment with berberine signifi cantly decreased fastmg bIood glucose IeveIs |

An oral glucose tolerance test (OGTT) showed that blood glucose was :~ B

groups before and at 30 min, 60 min and 120 min after oral glucose ac

like peptide-1 (GLP-1) levels were increased in the berberine-treated gr A b 9 ?
2112 genes with significantly changed expression (780 increased, 1332 d¢ S o r I O n

that all differentially expressed genes included 9 KEGG pathways. The tog

pathway and the GnRH signaling pathway. Q-RT-PCR and immunohistoct

receptor (Glp1r) and mitogen activated protein kinase 10 (Mapk10) were significantly up-regulated, in contrast,

gonadotropin releasing hormone receptor (Gnrhr) and gonadotropin-releasing hormone 1 (Gnrh1) were

down-regulated in the BerH group.

Conclusion: Our data suggest that berberine can improve blood glucose levels in diabetic rats. The mechanisms
involved may be in the MAPK and GnRh-Glp-1 pathways in the ileum.
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Modulation of glucagon-like peptide-1 release by berberine: In vivo and in
vitro studies

Yunli Yu, Li Liu, Xinting Wang, Xiang Liu, Xiaodong Liu*, Lin Xie, Guangji Wang

Key Laboratory of Drug Metabolism and Pharmacokinetics, China Pharmaceutical University, Nanjing 210009, PR China

ARTICLE INFO ABSTRACTS

Artirle histaru: Clhiraonn_lilla nantida (I D1 iec 3 natant oliirnca_danandant incnlinatranic ont harmnna ralaacad

“AMPK 1s a major intermediate 1n facilitating the beneficial effects of
berberine (Several reports showed that AMPK lay on upstream of
MAPK pathway... involved in GLP-1 secretion.)

T T TE TTTT T T D

medlated GLP 1 secretlon Compound C (mhlbltor of AMPK) also mhlblted berberme medlated
GLP-1 secretion. But only low concentrations of H89 (inhibitor of PKA) showed inhibitory effects on
berberine-mediated GLP-1 release. The present results demonstrated that berberine showed its
modulation on GLP-1 via promoting GLP-1 secretion and GLP-1 biosynthesis. Some signal pathways

The main finding 1n the present study was that berberine
modulated GLP-1 release and biosynthesis...”



Gut microbiota fermentation of prebiotics increases satietogenic and
incretin gut peptide production with consequences for appetite
sensation and glucose response after a meal'™

Patrice D Cani, Elodie Lecourt, Evelyne M Dewulf, Florence M Sohet, Barbara D Pachikian, Damien Naslain,
Fabienne De Backer, Audrey M Neyrinck, and Nathalie M Delzenne

ABSTRACT
Background: We have previously shown that gut microbial fermen-
tation of prebiotics promotes satiety and lowers hunger and energy

associated risk factors for cardiovascular disease (3). A number of
recent studies provide novel insights that might help establish alink
between dietary nondigestible carbohydrate that changes the

intake in humans. In rodents, these effects are associated with an
increase in plasma gut peptide concentrations, which are involved in
appetite regulation and glucose homeostasis,

Objective: Our aim was to examine the effects of prebiotic supple-
mentation on satiety and related hormones duning a test meal for
human volunteers by using a noninvasive micromethod for blood
sampling to measure plasma gut peptide concentrations,

Design: This study was a randomized, double-blind, parallel, placebo-
controlled trial. A total of 10 healthy adults (S men and S women)
were randomly assigned to groups that received either 16 g pre-
biotics/d or 16 g dextrin maltose/d for 2 wk. Meal tolerance tests were
performed in the morning to measure the following: hydrogen breath
test, satiety, glucose homeostasis, and related hormone response,
Results: We show that the prebiotic treatment increased breath-
hydrogen excretion (a marker of gut microbiota fermentation) by
~3.fold and lowered hunger rates. Prebiotics increased plasma
glucagon-like peptide 1 and peptide YY concentrations, whereas
postprandial plasma glucose responses decreased after the standard-
ized meal. The areas under the curve for plasma glucagon-like
peptide | and breath-hydrogen excretion measured after the meal
(0-60 min) were significantly correlated (r = 0.85, P = 0.007). The
glucose response was inversely correlated with the breath-hydrogen
excretion areas under the curve (0-180 min; r = —0.73, P = 0.02).
Conclusion: Prebiotic supplementation was associated with an in-
crease in plasma gut peptide concentrations (glucagon-like peptide
1 and peptide YY), which may contribute in part to changes in
appetite sensation and glucose excursion responses after a meal in
healthy subjects. Am J Clin Nutr 2009:90:1236-43.

composition of gut microbiota and obesity and
(4-8). These compounds are called prebiotics
mote the growth of certain bacteria (eg, bifid
number correlates with an improvement of si
metabolic syndrome (9). In the search to dete
prebiotics in the control of body weight and fatn
a recent study showed that supplementation wi
a significant benefit for the maintenance of an
mass index and fat mass in primarily nonobese y
in addition to its benefit in bone mineralizatic
gether, these human studies provide evidence th
of gut microbiota by using prebiotics affects er
and body weight gain. However, few data a
mechanisms involved in these effects are provi
ers have previously published experimental ¢
the modulation of gut peptide secretion [gluc
1 (GLP-1), glucose-dependent insulinotropic p
peptide YY (PYY), and/or ghrelin] in rodents
fermentable dietary fibers could constitute a
outcome of microbial fermentation in the low
and metabolic consequences (eg, decreased {
weight and fat mass development, andimprovedi
(11-20).

Several results support the relevance of preb
in appetite management in healthy and obese hu
date, few data are available that concomitantl
fluence of prebiotics on appetite sensation, gut
and metabolism in humans. Interestingly, one
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Including Indigestible Carbohydrates in the
Evening Meal of Healthy Subjects Improves
Glucose Tolerance, Lowers Inflammatory
Markers, and Increases Satiety after a
Subsequent Standardized Breakfast'-*

Anne C. Nilsson,** Elin M. Ostman,” Jens J. Holst,* and Inger M. E. Bjorck®

'Division of Applied Nutrition and Food Chemistry, Department of Food Technology, Engineering and Nutrition, Lund University,
SE-22100 Lund, Sweden and *Department of Biomedical Sciences, University of Copenhagen, the Panum Institute, DK-2200
Copenhagen, Denmark

Abstract

Low-glycemic index (Gl) foods and foods rich in whole grain are associated with reduced risk of type 2 diabetes and
cardiovascular disease. We studied the effect of cereal-based bread evening meals (50 g available starch), varying in Gl and
content of indigestible carbohydrates, on glucose tolerance and related vanables after a subsequent standardized
breakfast in healthy subjects (n = 15), At breakfast, blood was sampled for 3 h for analysis of blood glucose, serum insulin,
serum FFA, serum tnacylglycendes, plasma glucagon, plasma gastric-inhibitory peptide, plasma glucagon-iike peptide-
1 (GLP-1), serum interleukin (IL)-6, serum IL-8, and plasma adiponectin, Satiety was subjectively rated after breakfast and
the gastric emptying rate (GER) was determined using paracetamol as a marker. Breath hydrogen was measured as an
ndicator of colonic fermentation. Evening meals with barley kernel based bread (ordinary, high-amylose- or B-glucan-rich
genotypes) or an evening meal with white wheat flour bread (WWB) enriched with a mixture of barley fiber and resistant
starch improved glucose tolerance at the subsequent breakfast compared with unsupplemented WWB (P < 0.05). At
breakfast, the glucose response was inversely correlated with colonic fermentation (r 0.25; P < 0.05) and GLP-1
(r 0.26; P < 0.05) and positively correlated with FFA (r= 0.37; P < 0.001). IL-6 was lower (P < 0.01) and adiponectin

Nilsson, A. C., Ostman, E. M., Holst, J. J., & rck, I. M. E. B. (2008). Including indigestible carbohydrates in the evening
meal of healthy subjects improves glucose tolerance, lowers inflammatory markers, and increases satiety after a
subsequent standardized breakfast. The Journal of Nutrition, 138(4), 732-739.



Summary of Gut Hormones

DPPIV enzyme digests gut hormones, avoid it

Eating breakfast, mindfully and thorough chews increase

gut hormones

® Pea protein has unique amino acids that increase gut
hormone release

® Fiber and phytonutrients (especially Berberine) increase

gut hormone release






RECENT ADVANCES IN BASIC SCIENCE

FAT IN CROHN’S DISEASE:
ENETIC HALLMARK OR AN
INNOCENT BYSTANDER?

Laurent Peyrin-Biroulet, Mathias Chamaillard, Florent
Gonzalez, Elodie Beclin, Cecilia Decourcelle, Laurent Anmnes,

Jéréme Gay, Christel Neut, Jean-Frédéric Colombel, Pierre
Desreumaux

Gut 2007;56:577-583. doi: 10.1136/gut.2005.082925
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ENDOJTOXEMIA
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~ Lipogenesis
7 Inflammation
~ Steatosis

s Insulin sensitivity

High-fat diet : ~ Inflammation
Low fibres ~ Macrophages infiltration
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Gut epithelium Blood

(2009). Current Pharmaceutical Design, 15(13), 1546-1558.
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Abstract

The human intestinal tract compnises a nch and complex microbsal ecx
of potentially soxic molecules, including bacterial endotoxin (ic, lipop
detectable in the circulation of healthy individuals, and levels transicnt!
exposure 10 circulating endotoxin has been associated with obesity, diabe
LPS translocation and by this mechanism may contribute 1o the pathogene
evolved mechanisms to detoxify endotoxin and neutralize the potentially
interest 10 clinicians is cvidence that acute postprandial clevation of cin l

Fat-Rich Chyme

review, the suthors present aa overview of the beochemacal and cellular
interplay betwoen macrobial and nutrition determinants of this coadstion. T
macrobiota rasse the possibility that dsctary inlerventions can, al least in pa
Clin Pract, XXX xxxx-xx)

Keywords
intestines; metagenome; inflammation; postprandial period; endotoxins; e
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The gastrointestinal tracts of humans and other mammals are
complex bioreactors that have evolved 1o extract nutrients
from diverse natural products. Critical to the functions of these
systems are dynamic communitics of microorganisms that
likely have coevolved with their hosts 10 provide myriad ben-
eficial services, including nutrient provision.' The high-carbo-
hydrase dicts ingested by omnivores and herbivores typically
contain plant polysaccharides that cannot be directly hydro-
lyzed by the mammalian gut. Instead, the intestinal macrobiota,
which in adults is dominated by diverse members of the bacte-
riasl phyla Firmicuses (cg, clostridia) and Bacteroidetes,™
encodes a variety of hydrolytic enzymes that can convert oth-
erwise indigestible polysaccharides into relatively simple
mpandsand:nM-chninﬁnyui&(SCFAz).whidim
more readily absorbed by the mammalian intestines.' In this
way, the microbiota collectively provides genomic coding
capacity—the “microbiome™ *—that supplements the func-
tion of the host genome. That mammalian breast milk is com-
posed of many types of oligosaccharide that both direct the
carly development of the intestinal microbiota and are fer-
mented by this microbiota into compounds that mourish the
developing infant is testament to the deeply interlinked rela-
tionships between host and microbioea. ™

The intimate association of numerically rich and diverse -
microbial communitics with the human host potentially comes |,
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LIPOPROTEINS BIND
TO ENDOTOXIN

commentary

The role of HDL in innate immunity’

Kenneth R. Feingold® and Carl Grunfeld

Metabolism Section, Department of Veterans Affairs Medical Center, University of California San Francisco,

San Francisco, CA 94121

HDL has anti-atherogenic properties that are primarily
attributed to its key role in reverse cholesterol transport.
[he ability of HDL to inhibit the oxidation of LDL, de-
crease inflammation, inhibit thrombosis, stimulate fibn-
nolysis, and favorably affect endothehial cell function may
also contribute to the anti-atherogenic effects of HDL (1,
2). Not well recognized is the role HDL plays in innate im-
munity (3).

Numerous studies have shown that lipoproteins bind
microorganisms or compounds derived from microor-
ganisms (3). When either endotoxin (LPS), from gram
negative bacteria, or lipoteichoic acid (LTA), from gram

positive hacteria are ancphated with whaole hlood from

globin-related protein also inhibit infection by Leishmania
(14). Finally, low levels of HDL and apolipoprotein A-l
are associated with an increase in mortality in patients ad-
mitted to intensive care units (15-17). Taken together,
these observations indicate that HDL plays a role in pro-
tecting the host from the toxic effects of microorganisms
and 1s part of the innate immune system.

I'he structural basis for the protectve effects of HDL
has been studied most intensively for LPS. Both the lipid
and proteins that comprise HDL contribute to the neutral-
izaton of LPS. Apolipoprotein A-l alone can neutrahize
LPS and this interaction can be altered by changing the

structure of analinonmtein AL (1R For evamnle comne

“Numerous studies have shown that lipoproteins bind to
microorganisms or compounds derived from microbes...the
majority of LPS and LTA are bound to HDL...inhibits the ability of
LPS and LTA to interact with toll-like receptors (TLR). ” -

)
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Similarly, several studies have shown that infusion of HDL
or apolipoprotein A-l mimetic peptides into animals with
experimental sepsis improves survival (3, 8, 9). Conversely,
reducing serum lipoprotein levels increases the ability of
LPS administraton to induce death and this increased sus-
ceptibility can be reversed by providing exogenous lipo-
proteins (10). Humans with low HDL levels have a more
robust inflammatory response to LPS administration (11).
Furthermore, the administration of reconstituted HDL to
humans blunts the deleternious effects of LPS administra-
tion (12). In addition to binding bacterial products, HDL
also binds a wide variety of viruses and neutralizes their
activity (3). Moreover, HDL also plays a protective role in
parasitic infections (3). The lysis of trypanosomes is medi-
ated by HDL particles that contain apolipoprotein L1 and

both apolipoproteins and phospholipids can play impor-
tant roles in the ability of HDL to neutralize LPS (3).

In this issue, Hara et al. (19) explore the effect of
endothehal lipase deficiency on the function of HDL par-
ticles. They report that HDL isolated from endothelial
lipase knockout mice is similar to HDL isolated from wild-
type mice in the ability to facilitate cholesterol efflux, pro-
tect from oxidation, and inhibit the ability of cytokines to
activate endothelial cells. However, they demonstrate that
HDL from endothelial lipase knockout mice are more po-
tent in neutralizing LPS than control HDL in vitro and in
vivo. Specifically, they show that 1) HDL from endothelial
lipase knockout mice is more effective than control HDL
in inhibiting the ability of LPS to stimulate tumor necrosis
factor secretion by macrophages in vitro, 2) Endothelial
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Endotoxemia Is Associated With an
Increased Risk of Incident Diabetes
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OBJECTIVE —Dubees is accompanied with a chronic low-grade mflammartion, which may ;

part be medtated by endotooans derved from
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RESEARCH DESIGN AND METHODS '\« irvestigazed ma populiton hesed cobor

whether endotaxema 15 assoctated with chinecally incide
lmulus assay from the FINRISKOY cohont compeising 7,169 subjects
lowed up for 10 years

thviy was measured by
aged 25-74 years and fol

: dubetes. The serum endotaxin ac-

RESULTS otk the subiects weh prevalent dabeses (2 = $37) and those with incident dt-

abetes (n = 462) had higher endotoxin activity thant
encosoxin acivity was significancly assoctazed we

he noncéiabesic indviduals (P < 0.001). The
mncreased nsk for incident clabeses with a

kazard ratio 1.004 (95% C L.O0O1-1.007; 2 = 0.019) per unit increase mesulting in 2 52% in-
creased nisk (P = 0.013) inthe hghest quarile compared with the lowes: one. The association was
independers of dizbetes sk factors: serum lipids, y-ghemamyl transierase, C-reactive procem,
5M!, and blood glucase. Funbermoce, the assocation of endotoxemia with an increased rsk of
incident dizbetes was independent of the metabolsc syndrome as defined exher by the Nazional
Choleserol Educational Program-Acuh Tremment Parel U1 o the Intematsonal Dizbetes Fed-
eration, Endotoxin actadity was lineasly related (F << 0.001) o the namber of componerts of the

metabolic syndrome

CONCLUSIONS —'cth prevalers and incident dizhetes were associazed with endotonemia,

which may ink metahol
role in the pathogenesis of diabetes

Sotoxin (lipopolysaccharide [LPS])

& one of the potent virulence factors

of Gram-negative bacterial species
and has a major role in both acute and
chronic infections. This unigue glyco
lipid is located at the outer membrane
of the bacteria, but in the circulition
system 80-97% of it is bound to the lip
oproteins (1). LPS may be cleared from
the circulation system mainly by HDLs,
which also neutralize its activity effec
tively.

Circulating encotoxin may derive
from bacteria causing either overt acute
infections or common chronic condi
tions. Acditicnally, endotoxin is believed
to translocate from microbiota in the gut.
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mucrobes play a
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Experiments in animal mocels kept in
germ-free enviroanments have shown that
enclotoxin is associated with cardiometa
bolic abnormalities including obesity, in
sulin resistance, and diabetes (2).
Endotoxin activates both adaptive and in
nate immune systems characterized
by a release of antibodies, cytokines, and
other inflammatory mediators, which
may promote hepatic insulin resistance.
Treatment of rats with an antibiotic spe
cifically targeted against Gram-negative
bacteria recduces macrophage tumor ne
crosis factor-a expression and hepatic
steatosis (3).

In humans, energy-enriched diets in
creasing weight gain and insulin resis
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tance associate with absorption of
endotoxin from the gastrointestinal track
(4-6). This “metabolic endotoxemia”™ (7)
resulting from the increased intestinal
permeability/motility may lead to low
srade infammation. Severity of inflamma
tion may depend on a complex interphy
between specific proteins, receptors, and
lipoproteins that mediate the endotoxin
bioactivity and metabolic fate.

In two small case-control studies,
arculating LPS was higher in both type
1 and type 2 dabetic subjects compared
with nondabetic subjects (B,9). High se
rum LPS activity also associates with the
development of diabetic nephropathy in
patients with type 1 dizbetes (10). It has
teen hypothesized that bacterial endo
toxins can act as trigpers, linking inflam
mation to metabolic syndrome and
thereby diabetes (4,11,12). Studies of
this association in humans, however,
are scarce as a result of the methodo
logical challenges. Therefore, we inves
tigated in a large population-based
cohort followed up for 10 years, if endo
toxemia is associated with dinically in
cident diabetes.

RESEARCH DESIGN AND
METHODS  The FINRISKST imvolved
a populttion-hased sample (n = 7,169)
of 25- to T4.year-old participants of the
survey, which was conducted in five geo
graphical areas in Finland (13). The survey
included a self-administered question
naire and a clinical examination with
weight, height, and blood pressure mea
surements a5 well a5 blood drawing. The
study was approved by the Ethics Com
mittee of the National Public Health Insts
tute and conducted according to the
Helsinki Declaration. All subjects gave
written informed consent.

Laboratory analyses

Belore blood sampling, the participants
were asked to fa r 4 h and to avoid
heavy meals earlier during the day. The
median fasting time was 5 (interguartile
range 3-7) hours. All laboratory mea
surements, except serum glucose (14),
were carried out at the Disease Risk
Unit in the National Institute for
Heakth and Welfare, Helsinki. Lipids and
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resulting from the increased intestinal
permeability/motility may lead to lows
grade infammation. Severity of inflammas
tion may depend on a complex interphy
between specific proteins, receptors, and
lipoproteins that mediate the endotoxin
bioactivity and metabolic fate.

In two small case-control studies,
arculating LPS was higher in both type
1 and type 2 dabetic subjects compared
with nondabetic subjects (B,9). High ses
rum LPS activity also associates with the
development of diabetic nephropathy in
patients with type 1 dizbetes (10). It has
teen hypothesized that bacterial endos
toxins can act as trigpers, linking inflame
mation to metabolic syndrome and
thereby diabetes (4,11,12). Studies of
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are scarce as a result of the methodos
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cohort followed up for 10 years, il endos
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of 25- to T4.year-old participants of the
survey, which was conducted in five geos
graphical areas in Finland {13). The survey
included a self-administered question-
naire and a clinical examination with
weight, height, and blood pressure mea
surements as well a5 blood drawing, The
study was approved by the Ethics Com
mittee of the National Public Health Insts
tute and conducted according to the
Helsinki Declaration. All subjects gave
written informed consent.

Laboratory analyses

Before blood sampling, the participants
were asked to fast for 4 h and to
heavy meals earlier during the day. The
median fasting time was 5 (interguartile
range 3-7) hours. All laboratory mea
surements, except serum glucose (14),
were carried out at the Disease Risk
Unit in the National Institute for
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Energyg intake is associated with endotoxemia in apparently healthy

men'~

Jacques Amar, Rémy Burcelin, Jean Bernard Ruidavets, Patrice D Cani, Josette Fauvel, Marie Christine Alessi,

Bernard Chamontin, and Jean Ferriéres

ABSTRACT

Background: The bridge between food intake and weight is not
fully understood. Recently, the role of gut microbiota and bacterial
lipopolysacharides (LPS) in weight has been noted.

Objective: The objective was to evaluate the relation between
plasma LPS concentration and food intake.

Design: A dietary survey was conducted in 1015 subjects randomly
recruited in France. The participants were given oral and written
instructions on how to keep a consecutive 3-d food record. Plasma
LPS was measured in a subsample of 201 men. To assess, under
controlled conditions, the differential impact of various high-energy
diets, plasma LPS concentrations were measured in mice fed a high-
fat or a high-carbohydrate diet over a 4-wk period.

Results: In humans, no significant relation was observed between
cardiovascular disease risk factors, carbohydrate and protein in-
takes, and plasma LPS concentration. Conversely, positive correla-
tions were observed with fat and energy intakes. In a multivariate
analysis, endotoxemia was independently associated with energy
intake. Compared with the control mice, mice fed a high-energy diet
showed an increase in plasma LPS. However, in mice fed a high-
carbohydrate diet, the increase in plasma LPS was blunted compared
with mice fed a high-fat diet.

Conclusions: In this large sample of healthy men from a population-
based sample, we found a link between food intake and plasma LPS.
Experimental data suggest that fat was more efficient in transporting
bacterial LPS from the gut lumen into the bloodstream. The results
of this study add to the knowledge of mechanisms responsible for
relations between food intake and metabolic diseases. AmJClin
Nutr 2008:87:1219-23.

INTRODUCTION

Obesity has reached epidemic proportions globally. More than
1 billion adults are overweight, at least 300 million of whom are
clinically obese. Obesity and overweight pose a major risk of
chronic diseases, including type 2 diabetes, cardiovascular dis-
ease, hypertension, and stroke. The key causes are an increased
consumption of energy-dense foods high in saturated fats and
sugars (1). However, the bridge between food intake and weight
is not fully understood. The hypothesis that gut microbiota in-
fluences weight gain was posited recently. An original observa-

high-fat obesitogenic diet did not gain weight, which suggests
that, indeed, a bacterially related factor is responsible for obesity
induced by a high-fat diet (4). The authors suggested that gut
microbiota from obese mice allows energy to be salvaged from
otherwise indigestible dietary polysaccharides (5). Recently, we
reported in mice the role of bacterial lipopolysaccharide (LPS)
from the gram-negative intestine (6). We first showed that met-
abolic concentrations of plasma LPS are modulated by food
content: the higher the fat food content, the higher the concen-
tration of plasma LPS. Second, we found that the metabolic
concentration of plasma LPS is a sufficient molecular mecha-
nism for triggering the high-fat diet-induced metabolic diseases
such as obesity and diabetes. Whether these experimental results
are relevant in humans deserves to be studied. We sought to
evaluate in healthy men the relation between plasma LPS con-
centration and food intake.

SUBJECTS AND METHODS

Population

Subjects (n = 1015) randomly selected from polling lists were
recruited between 1995 and 1997 by the Toulouse MONICA
Center in Haute Garonne, a region of southwestern France. Au-
thorization from the appropriate ethics committee (Comité Con-
sultatif de Protection des Personnes dans la Recherche Biomédi-
cale, Lille) was obtained, and each subject signed an informed
consent form (7). The examination was performed in the mom-
ing, and a blood sample was drawn after the subjects fasted
overnight. With the help of medical staff, each subject filled ina
questionnaire about his or her medical history, drug intake,
smoking habits, and alcohol consumption. The dietary survey

! From INSERM 558, Toulouse, France (JA, JBR, BC, and JF); the Insti-
tute of Molecular Medicine, I2ZMR, IFR 31, Toulouse, France (RB and PDC);
the Service de Biochimie, INSERM U 563, CHU Toulouse, France (JF); and
INSERM U 626, Marseille, France (MCA).
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Energy intake is associated with endotoxemia in apparently healthy

men’'~*4

Jacques Amar, Rémy Burcelin, Jean Bernard Ruidavets, Patrice D Cani, Josette Fauvel, Marie Christine Alessi,

Bernard Chamontin, and Jean Ferriéres

ABSTRACT

Background: The bridge between food intake and weight is not
fully understood. Recently, the role of gut microbiota and bacterial
lipopolysacharides (LPS) in weight has been noted.

Objective: The objective was to evaluate the relation between
plasma LPS concentration and food intake.

Design: A dietary survey was conducted in 1015 subjects randomly
recruited in France. The participants were given oral and written
instructions on how to keep a consecutive 3-d food record. Plasma
LPS was measured in a subsample of 201 men. To assess, under
controlled conditions, the differential impact of various high-energy
diets, plasma LPS concentrations were measured in mice fed a high-
fat or a high-carbohydrate diet over a 4-wk period.

Results: In humans, no significant relation was observed between
cardiovascular disease risk factors, carbohydrate and protein in-
takes, and plasma LPS concentration. Conversely, positive correla-
tions were observed with fat and energy intakes. In a multivariate
analysis, endotoxemia was independently associated with energy
intake. Compared with the control mice, mice fed a high-energy diet
showed an increase in plasma LPS. However, in mice fed a high-
carbohydrate diet, the increase in plasma LPS was blunted compared
with mice fed a high-fat diet.

Conclusions: In this large sample of healthy men from a population-
based sample, we found a link between food intake and plasma LPS.
Experimental data suggest that fat was more efficient in transporting
bacterial LPS from the gut lumen into the bloodstream. The results
of this study add to the knowledge of mechanisms responsible for
relations between food intake and metabolic diseases. AmJClin
Nutr 2008:87:1219-23.

INTRODUCTION

Obesity has reached epidemic proportions globally. More than
1 billion adults are overweight, at least 300 million of whom are
clinically obese. Obesity and overweight pose a major risk of
chronic diseases, including type 2 diabetes, cardiovascular dis-
ease, hypertension, and stroke. The key causes are an increased
consumption of energy-dense foods high in saturated fats and
sugars (1). However, the bridge between food intake and weight
is not fully understood. The hypothesis that gut microbiota in-
fluences weight gain was posited recently. An original observa-

high-fat obesitogenic diet did not gain weight, which suggests
that, indeed, a bacterially related factor is responsible for obesity
induced by a high-fat diet (4). The authors suggested that gut
microbiota from obese mice allows energy to be salvaged from
otherwise indigestible dietary polysaccharides (5). Recently, we
reported in mice the role of bacterial lipopolysaccharide (LPS)
from the gram-negative intestine (6). We first showed that met-
abolic concentrations of plasma LPS are modulated by food
content: the higher the fat food content, the higher the concen-
tration of plasma LPS. Second, we found that the metabolic
concentration of plasma LPS is a sufficient molecular mecha-
nism for triggering the high-fat diet-induced metabolic diseases
such as obesity and diabetes. Whether these experimental results
are relevant in humans deserves to be studied. We sought to
evaluate in healthy men the relation between plasma LPS con-
centration and food intake.

SUBJECTS AND METHODS

Population

Subjects (n = 1015) randomly selected from polling lists were
recruited between 1995 and 1997 by the Toulouse MONICA
Center in Haute Garonne, a region of southwestern France. Au-
thorization from the appropriate ethics committee (Comité Con-
sultatif de Protection des Personnes dans la Recherche Biomédi-
cale, Lille) was obtained, and each subject signed an informed
consent form (7). The examination was performed in the mom-
ing, and a blood sample was drawn after the subjects fasted
overnight. With the help of medical staff, each subject filled ina
questionnaire about his or her medical history, drug intake,
smoking habits, and alcohol consumption. The dietary survey

! From INSERM 558, Toulouse, France (JA, JBR, BC, and JF); the Insti-
tute of Molecular Medicine, I2ZMR, IFR 31, Toulouse, France (RB and PDC);
the Service de Biochimie, INSERM U 563, CHU Toulouse, France (JF); and
INSERM U 626, Marseille, France (MCA).
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Differential Effects of Cream, Glucose, and
Orange Juice on Inflammation, Endotoxin,

Expression of Toll-Like Receptor-4

and Suppressor of Cytokine Signaling-3

Prava MOsANTY, MD
PRABUAKAR VISWANATHAN, PHD
AJAY CHAUDHURI, MD

ParesH DaNpONA, MD, #HD

Rupar: DEOPURKAR, PHD
Husasm GHANIM, PHD
JAY FrieomaN, min
SANAA ABUAYSHIN, BSC
CHANG LING Su, ssc

OBJECTIVE — We have recently shown that a high-fat high-carbohydmte (HFHC) meal
induces an increase in pasma concentrations of erdotoxin (ipopolysaccharide [LPS)) and the
expression of Toll-like receptor-4 (TLR-4) and suppresser of cytokine signaling-3 (SOC53) in
moaonuckar cells (MNCs) in addition to oxidative stress and cellular infammation. Saturated
fat ard carbohydrates, components of the HFHC meal, known to induce oxidative stress and
infammation, also induce an increase in LPS, TLR-4, and SOCS3.

RESEARCH DESIGN AND METHODS - Fusing normal subjects were giver 300
calocie drinks of either glucase, saturated fat as cream, orange juice, or only water to ingest. Blood
samples were obtained at 0, 1, 3, ard 5 h for analysis.

RESULYS - Indexes of inflammation including nuclear factor-x8 (NF-xB) binding, and the
expression of SOCS3, tumor necrosis factor-a (TNF-a), and interleukin (ILM1P in MNGs,
increased significantly after glucose and cream intake, but TLR-4 expression and plasma LPS
corcentrations increased only after cream intake. The intake of orange juice or water did not
induce any change in any of the indexes measured

CONCLUSIONS - Although both glucose ard cream induce NF.kB binding and an in
crease in the expression of SOCS3, TNF-a, and [L-1B in MNCs, oaly cream caused an increase
in LPS concentration and TLR -4 expression. Equicalocic amounts of omange juice or water did not
induce a change in any of these indexes. These changes are relevant to the pathogeness of
atherosclerosis and insulin resistance.

Diabetes Care 33991997 2010
ur recent work has shown that a

high-far high-cholesterol (HFHQC)
meal induces oxidative and inflam-

great interest because the content of LPS
in these meals is not significantly differ-
ent, and, thus, it would appear that the
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matory stress in additlon to inducing an
increase In plasma endotoxin (lipopoly-
saccharide [LPS]) levels and the expres-
sion of Toll-ltke receptor (TLR)-4, the
specific receptor for LPS (1). In contrast, a
high-fiber and fruit meal does not induce
any of these changes. These data are of

inflammatory nature of the meal may lead
1o & partial breakdown of the Intestinal
barrier that normally protects the body
from invasion of bacteria and the entry of
LPS from the gut. The concept of this im-
munologiczl barrler of the gut has devel-
oped rapidly over the past few years and is
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In this context, we wanted 10 analyze
which macronutrient was responsible for
the Induction of oxidative stress and in-
flammation, on the one hand, and the in-
crease In LPS concentrations and the
expression of TLR-4 and suppresser of cy-
wokine signzaling (SOCS)-3 on the other.
To elucidate this, we investigated the ef-
fect of glucose, the most imponant carbo-
hydrate, cream, a saturated far, and
orange julce, a carbohydrate-conaining
food product, which does not induce el-
ther oxidative stress or inflammation.

SOCS3 is a protein that has been
shown 10 interfere with insulin and leptin
signal wansduction (2-5). Our recent
work has shown that SOCS3 expression
in the circulating mononuclear cells
(MNCs) of the obese human Is markedly
increased when compared with that in
normal subjects (6). In addltlon, our
work demonstrated that SOCS3 expres-
ston in MNGs s inversely related o the
wyrosine phosphorylation of the insulin
receptor and directly related 1o BMI and
insulin resistance (homeostasis model as-
sessment of Insulin resistance [HOMA-
IR]), consistent with its role in the
pathogenesis of insulin resistance. Leptin
resistance in human obesity leads to the
inzbllity of leptin 1o cause satlety and
welght loss, whereas (nsulin resistance
makes the obese vulnerzble 1o diabetes.
Human obeslty Is zlso a state of chronle
inflammartion characterized by an In-
crease (n inflammatory medlators in
plasma, in adipose tissue, and in circulat-
ing mononuclear cells (7 8). Because
SOCS3 s Induced in animal models by
proinflammatory stimuli like the cyto-
kines, TNF-a, [L-6, and [L-18 (3,4 9) and
because macronutrient intake causes oxi-
datlve stress (10,11) and inflammation
(12,13), It s possible that the intake of
plucose and saturated fat (cream) induces
an Increase in the expression of SOCS3 as
a pan of macronutrient-induced inflam-
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high-fat obesitogenic diet did not gain weight, which suggests
that, indeed, a bacterially related factor is responsible for obesity
induced by a high-fat diet (4). The authors suggested that gut
microbiota from obese mice allows energy to be salvaged from
otherwise indigestible dietary polysaccharides (5). Recently, we
reported in mice the role of bacterial lipopolysaccharide (LPS)
from the gram-negative intestine (6). We first showed that met-
abolic concentrations of plasma LPS are modulated by food
content: the higher the fat food content, the higher the concen-
tration of plasma LPS. Second, we found that the metabolic
concentration of plasma LPS is a sufficient molecular mecha-
nism for triggering the high-fat diet-induced metabolic diseases
such as obesity and diabetes. Whether these experimental results
are relevant in humans deserves to be studied. We sought to
evaluate in healthy men the relation between plasma LPS con-
centration and food intake.

SUBJECTS AND METHODS

Population

Subjects (n = 1015) randomly selected from polling lists were
recruited between 1995 and 1997 by the Toulouse MONICA
Center in Haute Garonne, a region of southwestern France. Au-
thorization from the appropriate ethics committee (Comité Con-
sultatif de Protection des Personnes dans la Recherche Biomédi-
cale, Lille) was obtained, and each subject signed an informed
consent form (7). The examination was performed in the mom-
ing, and a blood sample was drawn after the subjects fasted
overnight. With the help of medical staff, each subject filled in a
questionnaire about his or her medical history, drug intake,
smoking habits, and alcohol consumption. The dietary survey

! From INSERM 558, Toulouse, France (JA, JBR, BC, and JF); the Insti-
tute of Molecular Medicine, I2ZMR, IFR 31, Toulouse, France (RB and PDC);
the Service de Biochimie, INSERM U 563, CHU Toulouse, France (JF); and
INSERM U 626, Marseille, France (MCA).
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[gA responses directed against gram negative gut commensals. The aim of this study was to
replicate these findings in a larger study group of depressed patients and to examine the asso-
ciations between the [gA and [gM responses to gut commensals and staging of depression as
well as the fatigue and somatic (F&S) symptoms of depression.

Methods: We measured serum concentrations of [gM and [gA against the [PS of gram-negative

human Is markedly
mpared with that in
b). In addltlon, our
that SOCS3 expres-
sely related o the

Reywords: enterobacteria, i.e. Hafnia alvei, Pseudomonas aeruginosa, Morganella morganii, Pseudomonas — Jlarion of the insulin
:xﬂp'e”m'_‘ putida, Citrobacter koseri, and Kiebsiella pneumoniae in 112 depressed patients and 28 normal related 10 BMI and
c" y‘mr;“m controls. The severity of F&S symptoms was measured using the Fibromyalgia and Chronic Fa- Bmeostasis model as-
Chronic fatigue tigue Syndrome Rating Scale. . resistance [HOMA-
Oxidative stress Results: The prevalences and median values of serum IgM and [gA against LPS of these com- lth its role in the
Leaky gut mensals were significantly higher in depressed patients than in controls. The IgM levels direct-
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ed against the LPS of these commensal bacteria were significantly higher in patients with
chronic depression than in those without. The immune responses directed against LPS were
not associated with melancholia or recurrent depression. There was a significant correlation
between the [gA response directed against LPS and gastro-intestinal symptoms.

Discussion: The results indicate that increased bacterial translocation with immune responses
to the LPS of commensal bacteria may play a role in the pathophysiology of depression, partic-
ularly chronic depression. Bacterial translocation may a) occur secondary to systemic inflam-
mation in depression and intensify and perpetuate the primary inflammatory response once
the commensals are translocated; or b) be a primary trigger factor associated with the onset
of depression in some vulnerable individuals. The findings suggest that “translocated™ gut
commensal bacteria activate immune cells to elicit [gA and IgM responses and that this phe-
nomenon may play a role in the pathophysiology of (chronic) depression by causing progres-
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high-fat obesitogenic diet did not gain weight, which suggests
that, indeed, a bacterially related factor is responsible for obesity
induced by a high-fat diet (4). The authors suggested that gut
microbiota from obese mice allows energy to be salvaged from
otherwise indigestible dietary polysaccharides (5). Recently, we
reported in mice the role of bacterial lipopolysaccharide (LPS)
from the gram-negative intestine (6). We first showed that met-
abolic concentrations of plasma LPS are modulated by food
content: the higher the fat food content, the higher the concen-
tration of plasma LPS. Second, we found that the metabolic
concentration of plasma LPS is a sufficient molecular mecha-
nism for triggering the high-fat diet-induced metabolic diseases
such as obesity and diabetes. Whether these experimental results
are relevant in humans deserves to be studied. We sought to
evaluate in healthy men the relation between plasma LPS con-
centration and food intake.

SUBJECTS AND METHODS

Population

Subjects (n = 1015) randomly selected from polling lists were
recruited between 1995 and 1997 by the Toulouse MONICA
Center in Haute Garonne, a region of southwestern France. Au-
thorization from the appropriate ethics committee (Comité Con-
sultatif de Protection des Personnes dans la Recherche Biomédi-
cale, Lille) was obtained, and each subject signed an informed
consent form (7). The examination was performed in the mom-
ing, and a blood sample was drawn after the subjects fasted
overnight. With the help of medical staff, each subject filled in a
questionnaire about his or her medical history, drug intake,
smoking habits, and alcohol consumption. The dietary survey

' From INSERM 558, Toulouse, France (JA, JBR, BC, and JF); the Insti-
tute of Molecular Medicine, I2ZMR, IFR 31, Toulouse, France (RB and PDC);
the Service de Biochimie, INSERM U 563, CHU Toulouse, France (JF); and
INSERM U 626, Marseille, France (MCA).

“JA, RB, and JBR contributed equally to this work.
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ique des Hopitaux de Toulouse 2003, the Institut National de la Santé et de la
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Frangaise de Cardiologic.
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Energx intake is associated with endotoxemia in apparently healthy

L’ce D Cani, Josette Fauvel, Marie Christine Alessi,

high-fat obesitogenic diet did not gain weight, which suggests
that, indeed, a bacterially related factor is responsible for obesity
induced by a high-fat diet (4). The authors suggested that gut
microbiota from obese mice allows energy to be salvaged from
otherwise indigestible dietary polysaccharides (5). Recently, we
reported in mice the role of bacterial lipopolysaccharide (LPS)
from the gram-negative intestine (6). We first showed that met-
abolic concentrations of plasma LPS are modulated by food
content: the higher the fat food content, the higher the concen-
tration of plasma LPS. Second, we found that the metabolic
concentration of plasma LPS is a sufficient molecular mecha-
nism for triggering the high-fat diet-induced metabolic diseases
such as obesity and diabetes. Whether these experimental results
are relevant in humans deserves to be studied. We sought to
evaluate in healthy men the relation between plasma LPS con-
centration and food intake.

SUBJECTS AND METHODS

Population

Subjects (n = 1015) randomly selected from polling lists were
recruited between 1995 and 1997 by the Toulouse MONICA
Center in Haute Garonne, a region of southwestern France. Au-
thorization from the appropriate ethics committee (Comité Con-
sultatif de Protection des Personnes dans la Recherche Biomédi-
cale, Lille) was obtained, and each subject signed an informed
consent form (7). The examination was performed in the mom-
ing, and a blood sample was drawn after the subjects fasted
overnight. With the help of medical staff, each subject filled in a
questionnaire about his or her medical history, drug intake,
smoking habits, and alcohol consumption. The dietary survey

! From INSERM 558, Toulouse, France (JA, JBR, BC, and JF); the Insti-
tute of Molecular Medicine, I2ZMR, IFR 31, Toulouse, France (RB and PDC);
the Service de Biochimie, INSERM U 563, CHU Toulouse, France (JF); and
INSERM U 626, Marseille, France (MCA).

?JA, RB, and JBR contributed equally to this work.
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Evidence for metabolic endotoxemia in obese and diabetic

Gambian women

S Hawkesworth', SE Moore'<, AXC Fulford'?, GR Barday’, AA Darboe?, H Mark?, OA Nyan® and AM Prentice’

OBJECTIVE: Emerging evidence from animal models suggests that translocation of bacterial debris across a leaky gut may trigger
low-grade inflammation, which in turn drives insulin resistance. The current study set out to investigate this phenomenon, termed

‘metabolic endotoxemia’, In Gamblan women.

METHODS: In a cross-sectional study, we recruited 93 age-matched middle-aged urban Gambian women into three groups: lean
{(body mass index (BMI): 18.5-229kgm ?), obese non-diabetic (BMI: = 30.0kgm ?) and obese diabetic (BMI: >300kgm ? and
attending a diabetic clinic). We measured serum bacterial lipopolysaccharide (LPS) and endotoxin-core IgM and IgG antibodies
(EndoCAb) as measures of endotoxin exposure and Interleukin-6 (IL-6) as a marker of inflammation.

RESULTS: Inflammation (IL-6) was independently and positively associated with both obesity and diabetes (F = 12.7, P<0.001). LPS
levels were highest in the obese-diabetic group compared with the other two groups (F = 4.4, P<0,02). igM EndoCAb (but not total
igM) was highly significantly reduced in the obese (55% of lean value) and obese diabetic women (30% of lean; F = 21.7, P<0.0001

for trend) compared with lean women.

CONCLUSION: These data support the hypothesis that gut-derived inflammatory products are associated with obesity and
diabetes. Confirmation of these findings and elucidation of the role of the microbiota, gut damage and the pathways for
translocation of bacterial debris, could open new avenues for prevention and treatment of type 2 diabetes.

Nutrition & Diabetes (2013) 3, e83; doi:10.1038/nutd.2013.24; published online 26 August 2013
Keywords: type 2 diabetes; bacteria; metabolic endotoxemia; The Gambia

INTRODUCTION

Although obesity is the leading risk factor for metabolic syndrome,
insulin resistance and type 2 diabetes, not all obese individuals
go on to develop disease.’ Type 2 diabetes is a heterogeneous
condition with aetiologies reflecting a complex interaction
between genes and environment, including diet, physical
activity and factors operating in early life. Among these
exposures, low-grade inflammation (assessed by a range of
markers including C-reactive protein, sialic acid, tumour necrosis
factor (TNF) and interdeukin-6 (IL-6)) has emerged as a consistent
correlate of metabolic syndrome’™ and a strong predictor of
progression to incident type 2 diabetes among at-risk
individuals.®® Macrophage infiltration of adipose tissue, driven
by adipocyte-secreted macrophage chemotractant protein-1, has
hitherto been considered the most likely source of such
inflaimmation and could explain the correlations with adipose
tissue mass.” However, recent research suggests an alternate
or additional explanation by which bacterial products are
translocated across the gut, either in association with a high-fat
diet or due to gut damage, and therebx drive the inflammation,
so-called ‘metabolic endotoxemia’ (ME).*'°

Animal and human data have suggested that the composition
of the gut microflora may be an important mediator of the
risk of obesity and dlabetes.”®'' Germ-free mice are protected

microbiota from obese animals results in adiposity in those who
are born germ-free."” One suggested mechanism is through a
more efficient energy harvest.” Additional evidence suggests
that the microbiota can influence metabolic disease through a
separate mechanism. Bacterial lipopolysaccharide (LPS, also
termed endotoxin) is released from dead Gram-negative bacteria
in the gut and under conditions of gut damage can transkocate
into the circulation (as can whole bacteria) where it triggers
an inflammatory response.'® Using mouse models, Cani and
colleagues have demonstrated that exposure to a high-fat diet
increases systemic endotoxin concentration, a8 phenomenon they
termed ‘ME’ in recognition of the fact that levels are much lower
than those observed in septic shock” In addition, mice infused
with similarly low levels of LPS demonstrate raised glucose
mimicking the levels observed for mice fed a high-fat diet.”

Few studies have investigated the association between
endotoxemia and obesity in humans, A study in Saudi Arabian
patients reported a positive assoclation between endotoxin levels
and various components of the metabolic syndrome,'® whereas
another study in healthy French men reported a positive
association between energy intake and endotoxemia,’”

The inner-core of LPS molecules is relatively conserved across
species and antibodies to this are therefore the most
cross-reactive.'® Anti-endotoxin core antibodies (EndoCAb)'?
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SUMMARY

Background

Gastrointestinal (GI) symptoms are common in soldiers in combat or high-
pressure operational situations and often lead to compromised performance.
Underlying mechanisms are unclear, but neuroendocrine dysregulation,
immune activation and increased intestinal permeability may be involved in
stress-related GI dysfunction.

Aim

To study the effects of prolonged, intense, mixed psychological and physical
stress on intestinal permeability, systemic inflammatory and stress markers in
soldiers during high-intensity combat-training.

Methods

In 37 male army medical rapid response troops, GI symptoms, stress markers,
segmental intestinal permeability using the 4-sugar test (sucrose, lactulose,
mannitol and sucralose) and immune activation were assessed during the 4th
week of an intense combat-training and a rest period.

Results

Combat-training elicited higher stress, anxiety and depression scores (all
P < 0.01) as well as greater incidence and severity of GI symptoms [irritable
bowel syndrome symptom severity score (IBS-SSS), P < 0.05] compared with
rest. The IBS-SSS correlated with depression (r = 0.41, P < 0.01) and stress
(r = 0.40, P < 0.01) ratings. Serum levels of cortisol, interleukin-6, and tumour
necrosis factor-o, and segmental GI permeability increased during combat-
training compared with rest (all P < 0.05). The lactulose:mannitol ratio was
higher in soldiers with GI symptoms (IBS-SSS >75) during combat-training
than those without (IBS-SSS <75) (P < 0.05).

Conclusions

Prolonged combat-training not only induces the expected increases in stress,
anxiety and depression, but also GI symptoms, pro-inflammatory immune acti-
vation and increased intestinal permeability. Identification of subgroups of indi-
viduals at high-risk of GI compromise and of long-term deleterious effects of
operational stress as well as the development of protective measures will be the
focus of future studies.

Aliment Pharmacol Ther 2013; 37: 799-809

Rest Combat training

B No Gl symptoms
B Abdominal pain/discomfort

' Abnormal bowel habit

B Abdominal pain/discomfort together
with abnormal bowel habit

Li, X., Kan, E. M., Lu, J., Cao, Y., Wong, R. K.,
Keshavarzian, A., & Wilder-Smith, C. H. (2013).
Combat-training increases intestinal permeability,
immune activation and gastrointestinal symptoms
in soldiers. Alimentary Pharmacology &
Therapeutics, 37(8), 799-809. http://doi.org/
10.1111/apt.12269
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Differential Effects of Cream, Glucose, and
Orange Juice on Inflammation, Endotoxin,

and the Expression of Toll-Like Receptor-4
and Suppressor of Cytokine Signaling-3
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Regulatory T cells in obesity: the leptin

connection

Giuseppe Matarese', Claudio Procaccini’, Veronica De Rosa’, Tamas L. Horvath? and

Antonio La Cava®

' Laboratorio di Immunologia, Istituto di Endocrinologia e Oncologia Sperimentale, Consiglio Nazionale delle Ricerche (IEQOS-CNR),
Napoli, Italy and Dipartimento di Biclogia e Patologia Cellulare e Molecolare, Universita di Napoli “Federico II”, Napoli, ltaly
“Program on Cell and Neurobiology of Energy Metabolism, Section of Comparative Medicine, Yale University School of Medicine,

New Haven, CT, USA

JDepartment of Medicine, David Geffen School of Medicine, University California Los Angeles, Los Angeles, CA, USA

Studies to understand the pathogenesis of obesity have
revealed mediators that are responsible for the control of
food intake and metabolism at the hypothalamic level.
However, molecular insight explaining the link between
obesity and low-degree chronic inflammation remains
elusive. The adipocyte-derived hormone leptin, and
thereby the nutritional status, could control immune
self-tolerance by affecting regulatory T (Treg) cell
responsiveness and function. Furthermore, resident
Treg cells, which are capable of modulating metabolism
and glucose homeostasis, are abundant in adipose
tissue. Here, we provide an update on recent findings
relating Treg cells to obesity and discuss how the intri-
cate network of interactions among leptin, Treg cells and
adipose tissue might provide new strategies for thera-
peutic interventions.

Here, we review the most recent findings relating Treg
cell biology with obesity and discuss how the modulation of
leptin secretion, Treg cell function and adipose tissue
activity might provide new strategies for therapeutic inter-
ventions in obesity and its metabolic consequences.

Treg cells: a renaissance

Treg cells are a small subset of T cells, usually constituting
only 5-15% of the peripheral CD4" T cell compartment in
mice and humans [18-20]. Treg cells are important in the
control of the inappropriate immune responses that
characterize autoimmunity and allergy. In general, Treg
cells control effector T cell responses and also influence the
activities of cells of the innate immune system [18-20).
Treg cells display several surface markers, none of which

are unique, and express the master gene that encodes the
forkhead/winged-helix transcription factor Foxp3 [21,22].

(2010). Trends in Molecular Medicine, 16(6), 247-256.
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Obesity and Inflammation: Evidence for an Elementary Lesion
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“"ELECTRON MICROSCOPY OF
ADIPOSE TISSUE IN CHILDREN OF
OBESE 11 YEAR OLD"
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Increased serum IgG and IgA in overweight children
relate to a less favourable metabolic phenotype

J. Bassols’, A. Prats-Puig’, M. Gispert-Saiich', M. Crehuet-Almirall?,
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What is already known about this subject What this study adds

« The adaptive immune system has been shown to be a « Increased serum concentrations of IgG and IgA were
novel modulator of insulin resistance. found in overweight pre-pubertal children.

« Increased activation of B lymphocytes has been described « Increasing concentrations of IgG and IgA were in obese,
in obese mice and in obese and type 2 diabetic patients. but not in lean pre-pubertal children, associated with a less

« B Ilymphocytes promote insulin resistance by favourable metabolic phenotype, consisting of increased
accumulating in adipose tissue and producing pathogenic insulin resistance and a more adverse lipid profile.

antibodies.
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Short term overteeding creates rapid
changes In fat cell ph

Lipid Overfeeding (56 days)

JCEM ONLINE Weight gain

Hot Topics in Translational Endocrinology—Endocrine Research

Subcutaneous Adipose Tissue Remodeling during the - Lipid storage/metabolism process
Initial Phase of Weight Gain Induced by Overfeeding
in Humans

M. Alligier, E. Meugnier, C. Debard, S. Lambert-Porcheron, E. Chanseaume, Angiogenesis/Neovascularization
M. Sothier, E. Loizon, A. Ait Hssain, J. Brozek, J.-Y. Scoazec, B. Morio, H. Vidal,*
and M. Laville*

Institut National de la Santé et de la Recherche Médicale Unit 1060 (M.A., EIM., C.D., E.L., H.V.,, M.L)),

CarMeN Laboratory and Centre Européen Nutrition Santé, Lyon 1 University, F-69600 Oullins, France;

Centre de Recherche en Nutrition Humaine (CRNH) Rhone-Alpes (M.A., S.L.-P., M.S., H.V., M.L.), Centre

Hospitalier Lyon-Sud, F-69310 Pierre Bénite, France; Institut National de la Recherche Agronomique . .
(INRA) Unit 1235 (E.M., H.V.), F-69600 Oullins, France; INRA (E.C., B.M.), Unité Mixte de Recherche Extracellular matrix remodeling
1019 Nutrition Humaine, CRNH Auvergne, Université Clermont, F-63000 Clermont-Ferrand, France;

Service de Réanimation Médicale (A.A.H.), Hopital Gabriel Montpied, F-63000 Clermont-Ferrand,

France; Genfit (J.B.), F-59120 Loos, France; and Hospices Civils de Lyon (J.-Y.S.), Service

d’Anatomopathologie, F-69008 Lyon, France

Context: Deciphering the early processes occurring in adipose tissue during weight gain is a major . )
issue for understanding the development of fat mass and obesity. Experimental overfeeding in Whnt signaling pathway
humans is a unique situation to tackle these events.

Objective: Our aim was to identify the pathways involved in sc adipose tissue remodeling during Renin-angiotensin system
the initial phase of weight gain.

Research Design and Methods: Forty-four healthy men were involved in an overfeeding protocol
with a lipid-enriched diet (+760 kcal/d) for 2 months. Subcutaneous abdominal adipose tissue
biopsies were taken for histology, transcriptomics, and Western blotting in the basal state, after
14 d, and at the end of the protocol.
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Age-related changes of leptin and leptin receptor variants in healthy
elderly and long-lived adults

Malgorzata Roszkowska-Gancarz1, Marta
Jonasz, Magdalena Owczarz3, Alina
Kurylowiczz, Jacek Polosak1’2, Edward
Franekz, Przemyslaw Slusarczyk3,
Malgorzata Mossakowska2 and Monika

Puzianowska-Kuznicka'+?

Geriatrics & Gerontology
International

Early View (Online Version of
Record published before
inclusion in an issue)

Article first published online: 26 FEB 2014
DOI: 10.1111/gqgi.12267

“In elderly men, the median concentration of Ieptm and the median
FLI (free leptin index) were significantly higher than in young men.”

“In healthy, non-obese individuals, only some elements of the leptin
axis slightly change with age.”

Roszkowska-Gancarz, M., Jonas, M., Owczarz, M., Kurylowicz, A., Polosak, J., Franek
E., et al. (2014). Age-related changes of leptin and leptin receptor variants in health
elderly and long-lived adults. Geriatrics & Gerontology International, n/a—n/a. doi:
10.1111/9gi. 12267




As the bodies main

storage tissue, fat rapidly

expands (hypertrophy)
Adipocytes also rapidly

differentiate, creating
new fat cells

(hyperplasia)
A 1.6 kg gain in body

weight lead to 2.6 billion
new adipocytes in just 8

weeks

Regional differences in cellular mechanisms of
adipose tissue gain with overfeeding

Yourka D. Tcﬁéllkélo\;aa'b; Susanne B. Votruba®, Tamara Tchkonia®, Nino Giorgadze€, James L. Kirkland®,

and Michael D. Jensen®"'

2Endocrine Research Unit and ‘Robert and Arlene Kogod Center on Aging, Mayo Clinic, Rochester, MN 55905; and ®Pennington Biomedical Research Center,

Baton Rouge, LA 70808

Edited by Gerald I. Shulman, Howard Hughes Medical Institute and Yale University, New Haven, CT, and approved September 8, 2010 (received for review

April 19, 2010)

Body fat distribution is an important predictor of the metabolic
consequences of obesity, but the cellular mechanisms regulating
regional fat accumulation are unknown. We assessed the changesin
adipocyte size (photomicrographs) and number in response to
overfeeding in upper- and lower-body s.c. fat depots of 28 healthy,
normal weight adults (15 men) age 29 + 2 y. We analyzed how these
changes relate to regional fat gain (dual energy X-ray absorptiom-
etry and computed tomography) and baseline preadipocyte prolif-
eration, differentiation [peroxisome proliferator-activated receptor-
v2 (PPARy2) and CCAAT/enhancer binding protein-a (C/EBPa)
mRNA]), and apoptotic response to TNF-a. Fat mass increased by
1.9 + 0.2 kg in the upper body and 1.6 + 0.1 kg in the lower body.
Average abdominal s.c. adipocyte size increased by 0.16 + 0.06 pug
lipid per cell and correlated with relative upper-body fat gain (r =
0.74, P < 0.0001). However, lower-body fat responded to overfeed-
ing by fat-cell hyperplasia, with adipocyte number increasing by
2.6 + 0.9 x 10° cells (P < 0.01). We found no depot-differences in
preadipocyte replication or apoptosis that would explain lower-
body adipocyte hyperplasia and abdominal s.c. adipocyte hypertro-
phy. However, baseline PPARy2 and C/EBPax mRNA were higher in
abdominal than femoral s.c. preadipocytes (P < 0.005 and P < 0.03,
respectively), consistent with the ability of abdominal s.c. adipocytes
to achieve a larger size. Inherent differences in preadipocyte cell
dynamics may contribute to the distinct responses of different fat
depots to overfeeding, and fat-cell number increases in certain
depots in adults after only 8 wk of increased food intake.

adipocyte | bodycomposition | bodyfatgain | fatdistribution | preadipocyte

might contribute to regional differences in fat-depot growth. To
investigate these questions, we induced a small total body-fat gain
(~4 kg) in volunteers. We measured changes in fat mass in visceral
and upper- and lower-body s.c. depots as well as changes in s.c. fat-
cell size and number. We assessed cell-dynamic properties of
preadipocytes at baseline. Our results indicate that upper- and
lower-body s.c. fat differs remarkably in the mechanisms by which
fat gain occurs, in part, because of inherent differences in the
characteristics of preadipocyte cell dynamics.

Results

Effect of Overfeeding on Body Composition and Body Fat Distribution.
By design, body weight increased by 4.6 + 2.2 kg (from 66.5 + 4.4
to 71.1 + 2.5 kg), leading to an increase in body mass index (BMI)
of 1.5 + 0.1 kg/m® (from 22.1 + 0.5 to 23.6 + 0.5 kg/m?). This
weight gain in both men and women resulted from an increase in
fat tissue (3.8 + 0.3 kg of fat gained, P = 0.0007), because fat-free
mass remained unchanged (Table 1).

Effect of Overfeeding on Adipocyte Size and Number. The effects of
overfeeding on regional adipose cellularity are presented in Table
2. On average, the size but not the number of abdominal s.c. adi-
pocytes increased significantly in response to fat gain (P = 0.001).
The change in abdominal s.c. adipocyte size was related negatively
to baseline size in women but not in men (Fig. 14). Thus, women
with the smaller abdominal s.c. adipocytes gained abdominal fat
largely via adipocyte hypertrophy, whereas women with an average
adipocyte size (in excess of ~0.50 pg lipid per cell) must have
recruited new, smaller adipocytes for the average size of mature

Tchoukalova, Y. D., Votruba, S. B., Tchkonia, T., Giorgadze, N., Kirkland, J. L., & Jensen, M. D. (2010). Regional differences in cellular mechanisms of adipose tissue gain with

overfeeding. Proceedings of the National Academy of Sciences of the United States of America, 107(42), 18226-18231. doi:10.1073/pnas. 1005259107



roplem:
are not inert

TLeptin
LAdiponectin TLactate

TINR / 1PAI-1

v

, __—» TResistin

TAngiotensinogen/ O-Actin, Desmin,
Laminin, Myosin,

Viculin
TCRP l TLipoprotein lipase

TAdipsin

P

TFFA 1Triglyceride

TLDL
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Adipose tissue Is both an

TABLE 1. Examples of adipocyte-derived proteins with endocrine
functions

20th Century Model of Fat

Contributing Factors
Leading to Obesity:

Sedentary activity
Calorie excess
Insulin resistance
Genetics
Stress

Fat: an inert and
unslightly storage tank

BELLY FAT EFFECT™

Kershaw, E. E., & Flier, J. S. (2004). Adipose tissue as an endocrine organ. Journal of Clinical
Endocrinology & Metabolism, 89(6), 2548-2556. doi:10.1210/jc.2004-0395

Cytokines and cytokine-
related proteins

Other immune-related
proteins

Proteins involved in the
fibrinolytic system

Complement and
complement-related
proteins

Lipids and proteins for lipid
metabolism or transport

Enzymes involved in steroid
metabolism

Proteins of the RAS
Other proteins

IL-6
MCP-1

PAI-1

Tissue factor

Adipsin (complement
factor D)

Complement factor B

ASP

Adiponectin

Lipoprotein lipase (LPL)

Cholesterol ester transfer
protein (CETP)

Apolipoprotein E

NEFAs

Cytochrome P450-
dependent aromatase

17BHSD

11BHSD1

AGT

Resistin
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On the metabolic side, leptin functions as
an energy sensor

Leptin and the Control The circadian rhythm of leptin
of Body Fat
/ . Lowest in the morning,
¢ thus stimulating appetite and

(gE Ilr:lg:kde feeding
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Energy
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 Progressively increases as the

~Tr— day goes on, reducing appetite

and increasing energy
expenditure

Fat Tissue

f Body Weight. Journal of Medical Sciences, 3(3), 131-135.
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body mass Index

The Open Behavioral Science Journal, 2011, 5, 8-15

Leptin in the General Population, Differences in Sex Hormones, Blood
Lipids, Gender and Life Style Characteristics

Reidun Olstad'”, Jon Florholmen®’, Johan Svartberg3’5, Jan H. Rosenvinge4 and
Grethe Stoa Birketvedt

Fig 1A. Underweight Fig 1B Nomalweight Fig 1 C Overweight

LEFTIN

Leptin in the General Population, Differences in Sex Hormones, Blood Lipids, Gender and Life Style Characteristics. (2011). Leptin in the General Population, Differences in Sex Hormones,
Blood Lipids, Gender and Life Style Characteristics, 1-8.




Leptin may increase the local production of estrogens by
driving aromatase activity
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Ando, S., & Catalano, S. (2011). The multifactorial role of leptin in driving the breast cancer microenvironment. Nature Reviews | Endocrinology, 8(5), 263—-275. doi:10.1038/nrendo.2011.184
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W|th breast tu mor SIZG with tumor size and stage of disease in hormone-dependent

postmenopausal breast cancer: preliminary results
and therapeutic implications
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“...leptin reflects the total amount of fat mass, which correlates to | ..

inflam

aromatase activity and subsequent estrogens levels.” o

»d with

breast cancer nsk and its prognosis. The present prospective pathological tumor classification (pT) and TNM stage
observational study aims to investigate the relationship Multivanate regression analysis showed that BMI and
between body mass index (BMI), serum levels of leptin and leptin, but not interleukin-6, were independent predictive
proinflammatory cytokines, and breast cancer prognostic variables of pT and TNM stage. Our results seem to suggest
factors. In the study, 98 postmenopausal and 82 premeno- a twofold role of leptin in the ctiopathogenesis of post-

pausal patients with ER-positive breast cancer participated menopausal estrogen-positive breast cancer. Indeed, leptin

“Our results seem to suggest a twofold role of leptin in the etiopathogenesis
of postmenopausal estrogen-positive breast cancer.”




- Belly Fat, anad

Acta Diabetol (2010) 47:113-118
DOI 10.1007/s00592-009-0125-4

ORIGINAL ARTICLE

Visceral adiposity and leptin are independently associated
with C-reactive protein in Korean type 2 diabetic patients

I'=0.322, P<0.01

Jong Suk Park - Min Ho Cho - Ji Sun Nam -
Chul Woo Ahn - Bong Soo Cha ‘- Eun Jig Lee -
Sung Kil Lim - Kyung Rae Kim - Hyun Chul Lee

“We found a significant correlation between leptin and
CRP...Serum leptin is an important independent factor
associated with CRP in Korean type 2 diabetic
patients.”

LogLeptin

Park, J. S., Cho, M. H., Nam, J. S., Ahn, C. W,, Cha, B. S., Lee, E. J., et al. (2009). Visceral adiposity and leptin are independently associated with C-reactive protein in Korean type 2
diabetic patients. Acta Diabetologica, 47(2), 113-118. doi:10.1007/s00592-009-0125-4
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the answer:
european researchers have discoveread
a natural extract that prevents adipogenesis




Prominent cellular metabolites
iInvolved In adipocyte differentiation
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proposed mechanism of action:
favoring chondrogenesis
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The effects of an oral preparation containing hyaluronic acid
(Oralvisc®) on obese knee osteoarthritis patients determined
by pain, function, bradykinin, leptin, inflammatory cytokines,
and heavy water analyses
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D. Martinez-Puig + W. Wu
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Abstract The purpose of this study was to determine the
effects of an oral preparation containing hyaluronic acid
on osteoarthritic knee joint pain and function as well as
changes in inflammatory cytokines, bradykinin, and leptin.
We also used heavy water to determine the tumover rates
of glycosaminoglycans in synovial fluid. This was a dou-
ble-blind, randomized, placebo-controlled study of 40 sub-
jects over a period of 3 mnnlh\ \ isual an: "“L ¢ |lg West-

water analyses revealed a significant decrease in hyaluronic
acid turnover in the synovial fluid of the treatment group. A
preparation containing hyaluronic acid and other glycosa-
minoglycans holds promise for a safe and effective agent
for the treatment for patients with knee osteoarthritis and
who are overweight. Further studies will be required to see
whether this is a disecase-modifying agent.

"A preparation Contammg hyaluronic aad and other
glycosaminoglycans...both serum and synovial fluid
samples showed significant decreases for a majority of
inflammatory cytokines, leptin, and bradykinin in the

oral hyaluronic acid preparation group.”
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Role of cholinergic anti-inflammatory pathway in
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strategy for inflammatory diseases. Chinese
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355-364. http://doi.org/10.3760/cma.|.issn.
1008-1275.2009.06.007

Chinese Journal of Traumatology 2009; 12(6):355-364

Role of cholinergic anti-inflammatory pathway in regu-
lating host response and its interventional strategy for

inflammatory diseases

WANG Da-wei A ffi, ZHOU Rong-bin Ji%¢3# and YAO Yong-ming %kik H*

The cholinergic anti-inflammatory pathway (CAP) is a
neurophysiological mechanism that regulates the immune
system. The CAP inhibits inflammation by suppressing
cytokine synthesis via release of acetylcholine in organs of
the reticuloendothelial system, including the lungs, spleen,
liver, kidneys and gastrointestinal tract. Acetylcholine can
interact with a7 nicotinic acetylcholine receptors (a7
nAchR) expressed by macrophages and other cytokine pro-
ducing cells, down-regulate pro-inflammatory cytokine syn-

dequate inflammatory response initiated by in-

fection and injury can eradicate the invading
athogen and enhance wound healing. If the
inflammatory response is excessive, it will cause
cytokine overproduction which induces general tissue
damage and organ dysfunction. Excessive cytokine
production and release are characteristics of chronic
or uncontrolled inflammatory responses and primarily
related to the pathology of many diseases, including
sepsis, rheumatoid arthritis, Crohn’s disease and other
autoimmune diseases.' Thus, inhibiting pro-inflamma-
tory cytokines is beneficial to prevent the occurrence
and progress of uncontrolled inflammatory responses.
Forinstance, experimental therapies that neutralize pro-
inflammatory cytokines, including monoclonal anti-tu-
mor necrosis factor (TNF) antibodies, interleukin (IL)-1
receptor antagonists and TNF-receptor fusion proteins,

DOI: 10.3760/cma.j.issn.1008-1275.2009.06.007
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thesis and prevent tissue damage. Herein is a review of the
neurophysiological mechanism in which the CAP regulates
inflammatory response, as well as its potential interventional
strategy for inflammatory diseases.

Key words: Cholinergic agents; Vagus nerve;
Inflammation; Alpha-bungarotoxin receptor

Chin J Traumatol 2009; 12(6):355-364

are successfully used in rheumatoid arthritis, Crohn’s
disease, ankylosing spondylitis and psoriasis. Recent
studies have identified high mobility group box 1 pro-
tein (HMGB1) as an important late inflammatory me-
diator in sepsis and several inflammatory disorders. Anti-
HMGB1 therapeutics are successful in reducing multi-
organ injuries and improving survival in inflammatory
disease models.?

Anti-inflammatory mechanisms include the release
of glucocorticoids, anti-inflammatory cytokines such as
IL-10 and transforming growth factor-beta (TGF- 8 ), and
soluble receptors which neutralize the activity of
cytokines. Recent studies found that vagus nerve-me-
diated cholinergic anti-inflammatory pathway (CAP) can
effectively regulate systemic inflammatory response.
This article reviewed the neurophysiological mechanism
in which the CAP regulates inflammatory response, as
well as its potential interventional strategy for inflam-
matory diseases.

Cholinergic anti-inflammatory pathway

The vagus nerve, in addition to its classically as-
signed function of controlling heart rate, hormone
secretion, gastrointestinal peristalsis and digestion, may
also be involved in regulating pro-inflammatory cytokines
(e.g. TNF-a ) release. Even when circulating cytokine
levels are low, vagus nerve can detect peripheral
inflammation. Inflammatory signals to central nervous
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Heart rate variability, overnight urinary norepinephrine
and C-reactive protein: evidence for the cholinergic
anti-inflammatory pathway in healthy human adults
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Abstract. Thayer JF, Fischer JE (The Ohio State Uni-
versity, Columbus, OH, USA; and Heidelberg Univer-
sity, Mannheim, Germany). Heart rate variability,
overnight urinary norepinephrine and C-reactive pro-
tein: evidence for the cholinergic anti-inflammatory
pathway in healthy human adults. J Intern Med 2009;
265: 439-447.

Objectives. C-reactive protein (CRP) has been identified
as an independent predictor of cardiovascular mortality
and morbidity in population-based studies. Recent
advances have suggested a prominent role for the
autonomic nervous system (ANS) in the regulation of
inflammation. However, no in vivo human studies
have examined indices of sympathetic and parasympa-
thetic nervous system activity simultaneously in rela-
tionship to inflammatory markers in apparently healthy
adults. Therefore, the objective of this study was to
assess the immunomodulatory effects of the ANS.

Methods and results. The study population comprised
611 apparently healthy employees of an airplane man-

ufacturing plant in southern Germany. Urinary NE
was positively associated with white blood cell count
(WBC) in the total sample. We found an inverse asso-
ciation between indices of vagally mediated heart rate
variability and plasma levels of (CRP), which was
significantly larger in females than in males after con-
trolling for relevant covariates including NE. Similar
results were found using the percentage of interbeat
interval differences >50 ms and WBC.

Conclusions. We report here for the first time, in a
large sample of healthy human adults, evidence sup-
porting the hypothesis of a clinically relevant cholin-
ergic anti-inflammatory pathway after controlling for
sympathetic nervous system activity. This suggests an
important role for the vagal control of systemic
inflammatory activity in cardiovascular disease.

Keywords: arteriosclerosis, autonomic, heart rate vari-
ability, inflammation, nervous system, norepinephrine.

Introduction

Inflammation has been implicated in a wide range of
disease processes. One such marker of systemic
inflammation, C-reactive protein (CRP), has been
identified as an independent predictor of not only car-
diovascular disease but all cause mortality and mor-
bidity in population-based studies [1-3]. Recent
research has suggested a prominent role for the auto-
nomic nervous system (ANS) in the regulation of

inflammation. Whereas the effects of sympathetic ner-
vous system (SNS) activity may have both pro- and
anti-inflammatory actions, animal studies and in vitro
studies in humans have shown that parasympathetic
outflow inhibits macrophage activation and subse-
quent release of pro-inflammatory cytokines such as
IL-6 via a nicotinic alpha-bungarotoxin-sensitive mac-
rophage acetylcholine receptor [4, 5]. In addition, ani-
mal studies have reported that electrical stimulation of
the vagus nerve inhibits release of pro-inflammatory

© 2008 Blackwell Publishing Ltd 439
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SUMMARY

Background

Gastrointestinal (GI) symptoms are common in soldiers in combat or high-
pressure operational situations and often lead to compromised performance.
Underlying mechanisms are unclear, but neuroendocrine dysregulation,
immune activation and increased intestinal permeability may be involved in
stress-related GI dysfunction.

Aim

To study the effects of prolonged, intense, mixed psychological and physical
stress on intestinal permeability, systemic inflammatory and stress markers in
soldiers during high-intensity combat-training.

Methods

In 37 male army medical rapid response troops, GI symptoms, stress markers,
segmental intestinal permeability using the 4-sugar test (sucrose, lactulose,
mannitol and sucralose) and immune activation were assessed during the 4th
week of an intense combat-training and a rest period.

Results

Combat-training elicited higher stress, anxiety and depression scores (all
P < 0.01) as well as greater incidence and severity of GI symptoms [irritable
bowel syndrome symptom severity score (IBS-SSS), P < 0.05] compared with
rest. The IBS-SSS correlated with depression (r = 0.41, P < 0.01) and stress
(r = 0.40, P < 0.01) ratings. Serum levels of cortisol, interleukin-6, and tumour
necrosis factor-o, and segmental GI permeability increased during combat-
training compared with rest (all P < 0.05). The lactulose:mannitol ratio was
higher in soldiers with GI symptoms (IBS-SSS >75) during combat-training
than those without (IBS-SSS <75) (P < 0.05).

Conclusions

Prolonged combat-training not only induces the expected increases in stress,
anxiety and depression, but also GI symptoms, pro-inflammatory immune acti-
vation and increased intestinal permeability. Identification of subgroups of indi-
viduals at high-risk of GI compromise and of long-term deleterious effects of
operational stress as well as the development of protective measures will be the
focus of future studies.

Aliment Pharmacol Ther 2013; 37: 799-809

Rest Combat training

B No Gl symptoms
B Abdominal pain/discomfort

' Abnormal bowel habit

B Abdominal pain/discomfort together
with abnormal bowel habit

Li, X., Kan, E. M., Lu, J., Cao, Y., Wong, R. K.,
Keshavarzian, A., & Wilder-Smith, C. H. (2013).
Combat-training increases intestinal permeability,
immune activation and gastrointestinal symptoms
in soldiers. Alimentary Pharmacology &
Therapeutics, 37(8), 799-809. http://doi.org/
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Abstract

Helicobacter pylori (H. pylori) is a gram-negative
pathogen that is widespread all over the world, infect-
ing more than 50% of the world’s population. It is
etiologically associated with non-atrophic and atrophic
gastritis, peptic ulcer and shows a deep association
with primary gastric B-cell lymphoma and gastric ad-
enocarcinoma. Recently, the medical research focused
on the modification of the gastric environment induced
by H. pylori infection, possibly affecting the absorp-
tion of nutrients and drugs as well as the production
of hormones strongly implicated in the regulation of
appetite and growth. Interestingly, the absorption of

iron and vitamin B12 is impaired by A. pylori infection,
while infected subjects have lower basal and fasting se-
rum levels of ghrelin and higher concentration of leptin
compared to controls. Since leptin is an anorexigenic
hormone, and ghrelin stimulates powerfully the release
of growth hormone in humans, A. pylori infection may
finally induce growth retardation if acquired very early
in the childhood and in malnourished children. This
review is focused on the nutritional effects of 4. pylori
infection, such as the reduced bioavailability or the mal-
absorbption of essential nutrients, and of gastrointesti-
nal hormones, as well as on the relationship between #.
pylori and the metabolic syndrome.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This review analyzes in a very comprehensive
way all aspects related to nutrition and metabolism in-
duced by Helicobacter pylori (H. pylori). Interestingly,
this bacterium is able to produce different biological
effects on hormones controlling both appetite and
growth, mostly depending on the time of acquisition of
the infection and of eradication. On the other hand, 4.
pylori is able to induce malabsorption of several nutri-
ents, with a strong effect on nutrition.

Franceschi F, Annalisa T, Teresa DR, Giovanna D, Ianiro G,
Franco S, Viviana G, Valentina T, Riccardo LL, Antonio G.
Role of Helicobacter pylori infection on nutrition and me-
tabolism. World J Gastroenterol 2014; 20(36): 12809-12817
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i36/12809.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
136.12809




& C' | www.ncbi.nlm.nih.gov/pubmed/11111844 Ayl & n % . o=

" Apps  [®! adnume | Home | CI eServices /42 My TotalSource | automationclinic.cor  # Referral Partner Hor Welcome | | | Welcome to Yes Enc  [B Story on a Plate: Fo » || Other Bookmarks

& NCBI Resources (¥ How To &) Sign in to NCBI

Publmed.gov PubMed = w

US National Library of Medicine
National Institutes of Health Advanced Help

Abstract « Send to: =

Full text links

Auton Neurosci. 2000 Nov 1;84(3):122-9.

Autonomic control of heart period in duodenal ulcer patients insights from spectral analysis of heart
rate variability.

Lucini D1, Cerchiello M, Basilisco G, Cainelli M, Bianchi PA, Fiorelli G, Malliani A, Pagani M. Save items -

@ Author information :
Add to Favorites v

Abstract

Beyond the fundamental pathogenetic importance of Helicobacter Pylori a possible additional role of vagal innervation in favouring or
modulating the clinical history of duodenal ulcer (DU) has been suggested by old studies employing invasive methodologies. Aim of this  gimilar articles -
study was to assess whether vagal prevalence in autonomic modulation was present in healed DU patients (n=20) as compared to
controls,(n=50), using a validated non-invasive methodology, based on spectral analysis of cardiovascular variability. This approach
provides markers of the sympathetic and vagal modulations of the SA node, respectively by way of the normalized low frequency
(LF(RR)) and high frequency (HF(RR)) components of RR interval variability; LF/HF ratio furnishes a marker of sympatho-vagal balance. ~Gastric acid and pancreatic polypeptide

In addition, sham feeding (SF) provided a means to assess, in DU patients, neurally mediated acid secretion, as the SF acid output responses to modified sham feed [Gut. 1985]
(SAOQ) to basal acid output (BAO) ratio (SAO/BAO). Results showed that LF(RR) was smaller in DU patients than in controls (40.3+/-3.9  Sympathetic predominance in essential

vs. 52.3+/-2.3 normalized units, nu; P<0.05). On the contrary, HF(RR) was greater (52.1+/-3.7 vs. 35.7+/-2.3 nu; P<0.05). Conversely the hypertension: a study em [J Hypertens. 1988]
LF component of SAP variability, a marker of sympathetic vasomotor modulations, and the index alpha, a measure of baroreflex control Physiology and clinical implications
of the SA node, as well as respiratory patterns, were similar in the two groups. SAO/BAQ ratio was significantly correlated with markers  of variability of cardiovas [Am J Cardiol. 1994]
of autonomic control of the SA node (r = -0.67, P<0.0083 with HF(RR)). In conclusion results suggest an enhanced vagal modulation of
heart period in DU patients at rest, that appears linked to indices of neurally mediated gastric acid secretion response.

A controlled study of the autonomic changes
produced by habitual [Cardiovasc Res. 1996]

Heart rate variability and autonomic
activity at rest and [Eur J Appl Physiol. 2003]
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