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..a humoral substance is released from the
jejunal wall (small intestine) during glucose
absorption which acts by stimulating the

What Is the incretin
effect?

release of insulin from the pancreatic islet
cells.”

—Neil Mcintyrre 1965

MCcINTYRE, N., HOLDSWORTH, C. D., & TURNER, D. S. (1965). Intestir e Control of Insulin Secretion. The Journal of Clinical Endocrinology and
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Abstract The development of incretin-based therapies (glu-  other indication %
diabetes

cagon-like peptide | [GLP-1] receptor agonists and dipeptidyl  commentaries
peptidase-4 [DPP-4] inhibitors) has changed the landscape of  personal opinic
type 2 diabetes management over the past decade. Current  brate the S0th & Obesity
developments include longer-acting GLP-1 receptor agonists,

fixed-ratio combinations of GLP-1 analogues and basal insu-  Keywords GIF
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,  Abbreviations
oral enhancers of GLP-1 secretion (¢.g. via G-protein-coupled ~ DPP4  Dipey

receptors, nuclear famesoid-receptor X and the G-protein-  GIP Glucc
coupled bile acid-activated receptor [TGRS)) are currently ~ GLP-1  Gluca
being explored in experimental studies. Combination of ~ IFG  Impai

GLP-1 with other gut hormones (e.g. peptide YY, glucagon,  IGT  Impai
gastrin, glucose-dependent insulinotropic polypeptide [GIP, ~ PYY  Peptic
secretin, cholecystokinin, vasoactive intestinal polypeptide

and pituitary adenylate cyclase-activating polypeptide) may

enhance the glucose- and weight-lowering effect of GLP-1 ~ Where are w
alone, and dual or triple hormone receptor agonists may even

exploit the properties of different peptides with just one mol-  The developme
ceule. There is also an increasing interest in employing  unique examp
incretin-based therapies in other areas, such as type | diabetes,  glucose-lowerit
impaired glucose metabolism, obesity, polycystic ovary syn-  ings from acad
drome, non-alcoholic fatty liver discase (NAFLDY/non-alco-  in human volu (
holic steatohepatitis (NASH), psoriasis or even neurodegener-  secretion after
ation. Thus, incretin-based therapies may continue to broaden ~ which were st \

In development /
under investigation

Type 1
diabetes

Prediabetes
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Cr

Polycystic ovary
syndrome

~

Future

Neurodegeneration

i e

Coronary
heart disease

the therapeutic spectrum for type 2 diabetes and for various  incretin hormor
tide (GIP) and gucagon-iike pepudc-1 (ULF-1) [1]. 1nese
peptide hormones were later synthesised and prepared for in-
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THEN AND NOW

The incretin hormones: from scientific discovery to practical
therapeutics
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Abstract The incretins are gut hormones secreted in re-  degraded by the ubiquitous protease DPP-4. This has led to

“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 aemic effects that could translate into potential car-
useful to look back 25 years and reflect upon the develop- diovascular and other benefits.
ments in this field since Nauck and colleagues published two
seminal papers. In 1986 they first documented a reduced  Keywords GIP - GLP-1 - Incretin hormones
incretin effect in patients with type 2 diabetes (Diabetologia
29:46-52), and then in 1993 they demonstrated that, in  Abbreviations
patients with poorly controlled type 2 diabetes, a single exog-  CNS  Central nervous system
enous infusion of an incretin (GLP-1) increased insulin levels ~ DPP4  Dipeptidyl peptidase IV
ina glucose-dependent manner and normalised fasting hyper- ~ GIP Glucose-dependent insulinotropic peptide
glycaemia (Diabetologia 36:741-74). In the ensuing ~ GLP-1 Glucagon-like peptide 1
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 diabetesand  Then
the important recognition that native GLP-1 is quickly
In their 1986 Diabetologia paper [1], Nauck et al described

Mudaliar nry, R. R. (2012). The incretin hormones: from scientific discovery to practical therapeutics. Diaber 1865-1868. hiy

Changting Xiao,! Satya Dash,? Cecilia Morgantini, Khosrow Adeli,2 and Gary F. Lewis!

Gut Peptides Are Novel Regulators
of Intestinal Lipoprotein Secretion:
Experimental and Pharmacological
Manipulation of Lipoprotein
Metabolism
GLP-1

Diabetes 2015,64:2310-2318 | DOL 10.2387/db14-1706

Individuals with metabolic syndrome and frar

diabetes are at increased risk of atheroscleroti A weight loss
vascular disease, partially due to the presenc A glycemic control
and lipoprotein abnormalities. In these condit i
liver and intestine overproduce lipoprotein A\ insulin secretion

exacerbating the hyperlipidemia of fasting a
prandial states. Incretin-based, antidiabetes |
(i.e., glucagon-like peptide [GLP]-1 receptor

and dipeptidyl peptidase-4 inhibitors) have prc N ¥

¥ gastric emptying
\
\

S, \,

cacy for the treatment of hyperglycemia. Evi '\
accumulating that these agents also improv & Z
and postprandial lipemia, the latter more sig L . o
than the former. In contrast, the gut-derivec v Ch}f"’m"“’"_

GLP-2, cosecreted from intestinal L cells wit synthesis & secretion

has recently been demonstrated to enhance

lipoprotein release. Understanding the roles

emerging regulators of intestinal lipoprotein :

may offer new insights into the regulation of

lipoprotein assembly and secretion and pror [ " ’@
opportunities for devising novel strategies to ¢

hyperlipidemia, with the potential for cardic

disease reduction.

WV ViDL production

A\ chylomicron
Individuals with metabolic syndrome or fran release
diabetes (T2D) are at increased risk for cardi
disease (CVD) contributed to by the atherogeni
demia that frequently accompanies these ¢

(1,2). The typical lipid abnormalities in these ¢ A Plasma TG V¥ Plasma TG
include elevated plasma triglycerides (TG
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Bowels control brain: gut hormones Gut Sensors:

and obesity ‘ Enteroendocrine Cells |

Benjamin C.T. Field, Owais B. Chaudhri and Stephen R. Bloom L e

Abstract | Food intake and energy expenditure are tightly regulated by the brain, in a 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 peptice YY, pancreatic polypeptide, islet amyloid polypeptide, glucagon-ike peptide 1, glucagon,
oxyntomodulin, cholecystokinin and ghrelin and discusses their potential as targets for the development of
novel treatments for obesity.

o oniine pubic
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Introduction
ergy intake and expenditure are nguhmb\ ahomeo-  and nucleus accumbens, where reward is assigned to

“A potentlal therapy for obe5|ty might be based on the concept of
pharmacologlcal mimicry of the hormonal milieu after bariatric surgery.”

toxic substances in the blood; osition. s inhibited. Axons from both types of ncurons projectin
and satiating effect of nutrients in the gastrointestinal allel to the paraventricular nucleus and lateral bypo-
and the appearance, aroma and taste of potential lamic area. Release of a-melanocyte-stimulating
. This information is integrated with neuronal pressing neurons leads to acti-
ns from pleasure and reward pathways, as anocortin receptor 4 (MC4R), which

o awarencss results n the redoction o ood itake and a increased
of social context. Efferent signals from the homeost energy expenditure. By contrast, release of NPY ac
network are directed to the neuroendoerine axes, auto- Y, and Y, receptors, which increases food intake and
omie rvoussystem and iverse egions ofthe CNS. - reduces energy expenditure. NPY:-cxpresing neurons
sult is a fineh L t also release d pept n
ting energy requirement. mmwm,mmc\u,u The response to this dual inner-
vation within the paraventricular nucleus leads to modu-

yroid and adrenal

Neuronal control of enerey
Meal ted hormonal as

rea
ugh \lga! afferent fibers in the mucieus
s solitarius (Figure 1), These sensory inputs P
are transmitted via the parabrachial nucleus and ventral  Inth nucleus, neurons that
tegmentl arca to other centers, including the amygdala  derived rcqmlruphlc factor regultc

accumbens. Moivation
homeostasis and are influ
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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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Comparable effects of moderate intensity exercise on changes in
anorectic gut hormone levels and energy intake to high intensity

exercise
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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 YY3 3 (PYY3 s4)
and glucagon-like peptide-1 (GLP-1 or GCG as listed in the
HUGO Database) levels depend on exercise intensity, which
could affect subsequent EL Ten young male subjects (mean
+s., age: 23-4+4-3 years, body mass index: 225
+1-0kg/m?, and maximum oxygen uptake (VO m.):
459485 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, PYY s 3, 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 cach 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
affer exercise.

Journal of Endocrinology (2009) 203, 357-364
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Comparable effects of moderate intensity exercise on changes in anorectic gut hormone levels and energy
intake to high intensity exercise. (2009). Comparable effects of moderate intensity exercise on changes in
anorectic gut hormone levels and energy intake to high intensity exercise. Journal of Endocrinology, 1-8. hitp://
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e e 2015 controversial topic, there is considerable interest in the effect of exercise on the appetite-regulating

hormones such as acylated ghrelin, peptide YY (PYY), glucagon-like peptide-1 (GLP-1), and pancreatic
3 2 regulation following a single exercise 22 Department of Biomedical Sciences, lowa State University, Ames, IA 50011, USA
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r".: =:: ﬁf:s, gj;::!:;‘:::?zi in To determine the influence of masticatory efficiency on postprandial satiety and glycaemic response, twenty-one

= = = H \ic signals and greater stmulation of healthy males were recruited for this trial consumed a fixed amount of pizza - - -
greater suppression of orexigenic signals and  F&ssn il T e L o S i L e L S S ) e i Mindful Chewing
21 life sages wil be a powerfal to0l 1 appetite was measured by appetite questionnaires at regular intervals for 3 h after the meal and plasma samples were

greater stimulation of anorexigenic signals.” s e e collctet ortho measurament of slectad satity-rolated hofmone, gcoss, insulin and gucose-dopendert Activates Vagal

insulinotropic peptide (GIP) concentrations. An ad fibitum meal was provided shortly after the last blood sample was

Abstract

drawn and the amount eaten recorded. Compared with fifteen chews, chewing forty times per portion resulted in lower Nerve a nd G ut
. hunger (P= 0:009), preoccupation with food (P= 0-005) and desire to eat (P= 0-002). Meanwhile, plasma concentrations
ontents
of glucose (P= 0-024), insulin (P< 0-001) and GIP (P< 0-001) were higher following the forty-chews meal. Chewing forty H ormones

times before swallowing also resuited in a higher plasma cholecystokinin concentration (P= 0-045) and a trend towards
alower ghrelin concentration (P= 0:051). However, food intake at the subsequent test meal did not differ (P= 0851).
.82 The results suggest that a higher number of masticatory cycles before swallowing may provide beneficial effects on
satiety and faciltate glucose absorption.
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Intraduodenal Administration of Intact Pea Protein
Effectively Reduces Food Intake in Both Lean and Obese

Maartje C. P. Geraedts'**, Freddy J. Troost™, Marjet J. M. Munsters'~, Jos H. C. H. Stegen'~, Rogier J. de
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Subjects

Abstract

Background: Human duodenal mucosa secretes increased levels of satiety signals upon exposure to intact protein.
However, after oral protein ingestion, gastric digestion leaves litle intact proteins to enter the duodenum. This study
investigated whether bypassing the stomach, through intraduodenal administration, affects hormone release and food-
intake o 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 (BM:33.41.4 kg/m?) healthy male subjects were included. All
subjects andomy received efthr pea ptoten solutons (350 mg/kg bodyelght n 64 ik bodyweight of vate) o
placebo (0.4 mi/kg bodyweight of water), either orally or tube.
Plasa GLE-, COX, and PYY Concentraions were deterined over a 2 period. Aftr 2 h subject recaed an 0 Jitum
‘meal and food-intake was recor

Results: CCK levels were increased at 10(p<0.02) and 20(p<0.01) minutes after intraduodenal protein administration (PA),
in obese subjects, compared to lean subjects, but also compared to oral protein adminstration (OPA)(p<0.04). GLP-1 levels
increased aftr A i obese subjects after30(p<0.02) o 120(p<001) minute,
after IPA both in lean and obese subjects (-1689:+40 kcal (7<0.01) a

0 placebo. Also, in obese subjects, food-intake was decreased e P (ot ey <

compared to OPA.Foodinake was reduced
1 (<001 respecivel)y compared
) compared to OPA.

ood Intake

affectobese subjects 0 3 greaer extent than ean subject.Enerc costng o nact protin Supplemems g e
effective dietary strategy in the prevention/treatment of obesity.
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Pea proteln in humans modlﬁes gut-endocrine hormones GLP-1,

CCK and PYY

and is

Food ingestion triggers a number of stmuli, su
of the gastrointestinal hormones cholccystokinin ¥
like peptide 1 (GLP-1) and peptide YY (PYY). These h

known to be

CCK s produced by el n the duodenal and el mucoss
ted in response to luminal food compounds, especially

by meutohumorsl mechinicn, o, fedback mechanime of  saiting ect when compired 1o carbamydrates and i pareuta
hormones from a more distal part of the small
as by direct sensing mechanisms at the intestinal mucosa [2,3]

‘compared t lean children [3). Also, PYY levels are lower in obesc
16]. T

are significant differences between Jean and obese subjects with

involved in the modulation of appetite sensations,  ingested nutrients in obese subjects, compared 1o lean subject.

Among all propertics of food, the total encrgy content and the
‘macronutrient_composition appears to be one of the major
determinants of the control of food intake. Recent litcrature points
ot effct of oy oo od ke by g
saticty sensations (7,8]. It scems that protcins have the highest
intestine, as well  fats in humans and rats [9,10), although the nature of the protein
can influence its satiating effects. In most cases, high-protcin meals
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Acute stress potentiates brain response to milkshake as a
function of body weight and chronic stress
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CANNOT mitigate diseases or replace drugs.
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their best chance to stay healthier longer*
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Table 1. Effects of polyphenols on neuropeptides/neurohormones that may have an effect on the central nervous system in obesity

Polyphenol Neuropeptide  Observed results Refren

Cinnamon polyphenol Insulin Improved insulin sensitivity in subjects with type-2 diabetes, 6,124-127)
metabolic syndrome, and in women with PCOS;
o anti-oxidant effects in obese subjects; improves insulin
L sensitivity in an animal model of metabolic syndrome;
GLP-1 Increased postprandial serum GLP-1 in healthy subjects (28]
(Hlebowicz et al. 2009) s
Increases IGF-1 levels in the rat brain in an animal model of (129) T
insulin resistance A
Resveratrol NPY, AgRP Downregulation of NPY and Agrp activities in N29-4 mouse 1130]
hypothalamic colls.
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

g, Curcumin IGF-1

tolerance in KKA(y) insulin-resistant mice ¥
Amylin Inhibits amylin m:m lor’nahcn in INS-1E rat insulinoma cells 1135)
GLP-1 Increased GLP-1 in high-fat fed diabetic mice ]
| Grape-seed Extract Insulin imgroved il res-smncc in high-fructose fed rats; no 1137-139)
7 significant effect on insulin resistance in type-2 diabetic =
subjects; isplayed insulin-mimec actviy in LGE9 |

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 41]
antiobesity effects n rat ‘
Soy isofiavone PYv Plasma PYY incroased in healthy postmenopausal women (142] '\ d
Insulin, Improved insulin sensitivity in postmenopausal leptin women 1143,144] lk
_1 but did not change serum leptin; possible effect on reducing P
- serum leptin in obese postmenopausal women 7

IGF-1 Increased circulating levels of IGF-1 in postmenopausal (145)

women
Atenuated aggregation of amylin in RIN-5F pancreatic cells

Oleuropein Aglycone amylin [146)
GCG amylin Inhibits amylin fibril formation in vitro (147) P
IGF-1 Inhibitory effect of EGCG mediated by IGF-1 in human [148)

glioblastoma cell lines.
Decreased acyclated ghrelin in healthy subjects and enhanced
lipid oxidatior
Decreased ghrelin prepropeptide mANA in the liver in rats fed
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

GLP-1 Modest response of GLP-1 respanse in the venous blood of [154]

healthy subjects with improved glycemic profile
n Context-dependent expectation of chocolate increased (155)
‘orexin-A neuronal activation in rat hypothalamus

Insulin Decreased insulin resistance and increased insulin sensitivity (156]
in hypertensive subjects with impaired glucose tolerance

Ghrelin Olfsctory stimulation with chocolate induced 8 satiation [157)
response in 12 women that inversely correlated with
plasma ghrelin levels

Insulin Meta-analysis report shows that cocoa improved insulin 1158, 159)
resistance in subjects; no significant difference in fasting
plasma insulin levels in obese/diabetic rats

Carob pulp Polyphenol ghrelin [149]

[150)

Green tea polyphenol

ghrelin

Berries

Chocolate Ores
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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™
it National de la Santé et de la Macherche Médiale U104, Insttut de recherche sur les Maladies Métabaliques et Cardiovasculare, [2WC. Toukouse, France
vers de Tououse, UPS, Insttut des Maladies Miaboliques et Cardiovasculsres ! MCL Hogitalde Aangueil, Toukouse, France, 3 Inseiut Nations! de a Rechesche
Agronomique 1260, Faculsé de Pharmacie, Marselle, France, 4 ENTERONGVA SAS, Incubateur Midk-Pyrenndes, Toulouse, France, $ Department of Medicine, Somuel
Lunenfeid Research Insttute, Mount Sina Hospial, Unhvessity of Toeanta, Toronto, Ontarka, Canada, 6 YVERY SARL. Marselfe. France

Abstract

Resveratrol (RSV) is a potent anti-diabetic agent when used at high doses. However, the direct targets primarily responsible
for the beneficial ad-oﬂs of RSV remain unclear. We used a formulation that increases oral bioavailability to assess the
involved in the action of RSV in high-fat diet (HFD)-fed diabetic wild type mice. Administration
of RSV for 5 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 MRNA transcripts. RSV-mediated glucoregulation required a functional GLP-1 receptor (Glip1r) 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
fammatory status of mice, Our data suggest

that RSV exerts its actions in part through modulation of the enteroendocrine axis in vivo.

Gitatiam Deo T4A. Wegat A, Kopp P. Swino W, Yechee: C. ot st O011) et increses Glucoes indced GL1 Sacrton n M A Machanism which
Contributes 0 the Giycemic Control. PLoS ONE 6{6): €20700. doi10.137journal 2
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Multiple actions
Berberine

Bitter melon

Cilli pepper and capsaicin

Turmeric

Mate tea, matesaponins, and dicaffeoylquinic

acids

Ginger and gingerol

Chinese tea and EC

Fructans o amiras

Monounsaturated fatty acid Soybean
Rooibos
A. vera

l Quercetin

Resveratrol

B cells Insulin resistance

C. papaya
P. amaryllifolius \,

Kinsenoside Hyperglycemia

Silymarin Astragalus and polysaccharides

B. pilosa and polyynes G. elata
Cinnamon

y Fenugreek
Glucose (re)absorption
Lychee

Safflower and serotonin derivatives
L. japonica and butyl-isobutyl-phosphate
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nd Alternative Medicine, 2

Potential Appli of S Pl nd Compounds. Evider d Cor em:mar

Licorice and amorfrutins
Dioscorea and polysaccharides

Blueberry and anthocyanins
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Meet Berberine

+

CH3

FiGure 1: Chemical structure of berberine.

Yu, Y., Liu, L., Wang, X., Liu, X.

u, X., Xie, L., & Wang, G. (2010). Modulation of glucagon-like peptide-1
Pharmacology, 79(7), 10001006, Go110.1016/.bop.2009.11 017

release by berberine: In vivo and in vitro studies. Biochemical
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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

Abstract ]
= “Rhuzima Coptidis was recorded as an anti-diabetes medication

stu

the approx1mately 1500 years ago in a book titled “Note of Elite
h‘c «Physicians” by Hongjing Tao”

Results: We found that 8 weeks of treatment with berberine significantly decreased fasting blood glucose Ievels |
An oral glucose tolerance test (OGTT) showed that blood glucose was
groups before and at 30 min, 60 min and 120 min after oral glucose ac

u
like peptide-1 (GLP-1) levels were increased in the berberine-treated gr 9 9
2112 genes with significantly changed expression (780 increased, 1332 di s O r I o n
that all differentially expressed genes included 9 KEGG pathways. The top | n

pathway and the GnRH signaling pathway. Q-RT-PCR and immunohistoc!

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

Biochemical Pharmacology 79 (2010) 1000-1006
Contents lists available at ScienceDirect
Biochemical Pharmacology

ELSEVIER journal homepage: www.elsevier.com/locate/biochempharm

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

Article history: Glucagon-like peptide (GLP)-1 is a potent glucose-dependent insulinotropic gut hormone released

Received 3 October 2009

Accepted 20 November 2009 streptozotocin-induced diabetic rats. Th

Keywords:

from intestinal L cells. Our previous studies showed that berberine increased GLP-1 secretion in
aim of this study was to investigate whether berberine

wne ‘““The main finding in the present study was that berberlne

Glucagon-li}
Prohormone

e Odulated GLP-1 release and blosyntheSIS. .

medla(ed CLI’ ‘l secre(mn

‘ompound C (inhibitor of AMPK) also inhibited berberine-mediated

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
including PKC-dependent pathway were involved in this process. Elucidation of mechanisms
controlling berberine-mediated GLP-1 secretion may facilitate the understanding of berberine’s

antidiabetic effects.

© 2009 Elsevier Inc. All rights reserved.
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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.

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

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 each year. Type 2
diabetes mellitus (T2DM) is the most common form of
diabetes. Initial therapy for treating T2DM includes diet md
exercise, (cliowed by the use of oral hypoglycenic
potentially subcutancous insulin injections (1, 2.
from manv multicenter trials has demanstrated 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 “Xizo Ke” disease (which means emaciation and thirst) in
Chinese medicine, which is a consequence of over-intake of
gy food and sedentary lfestyle (6). There s a long history

using b ications 0 treat dia i
Numeros researches sl ruppet that some hezbal terapies
may have a roie in the treatment of this complex discase [7].

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, bi.dfor3 Significantly reduced  Yiid to moderate
sl s Placebo 3 s constipation in 5 [61]
placebo-controlled,  dyslipidemia months triglyceride, total -
multiple-center (n=116) cholesterol, and P
LDL-cholesterol
Significantly reduced
Type 2 diabetes 0.5g, tidfor3  Metformin (0.5g }.BG.’ PBG, and HbAsc
2 . Significantly reduced
(n = 36) months tid) g &
plasma triglycerides
Randomised, blinded, Transient (14]
placebo-controlled Lowered FBG and PBG _ oorert
Type 2 diabetes s Significantly d: d: =
poorly 0.5, tid for3 hXI_S(lI‘!g . HbA, a.dvcrsc ‘f{““' e
anti-diabetic R liver or kidney
controlled months P Significantly reduced 4 o0
(n=48) fasting plasma insulin 8
and HOMA-IR
Significantly reduced
FBG, HbA,, and
triglycerides
Metformin Serum insulin level was
Type 2 diabetes 1 g/day for 2 (1.5 g/day); :i;ci ";egls;s;:i:';lg
(n=97) months rosiglitazone by e b e
(4 mg/day) insulin sensitivity in
. peripheral tissues. [62]
Randomised Significantly elevated No adverse events
surface expression of
InsR by 3.6-fold
§ Significantly reduced
Type2 d'ab.cm FBG and triglyceride
with chronic
hepatitis C virus 1/day for2 N/A levels
: FEd months Reduced the elevated
infection
AL’I‘ and aspartate
(n=35)
levels
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]
Synergism in study

13

binding activity. These results indicate that both curcuminoids and sesquiterpenoids in turmeric exhibit
hypoglycemic effects via PPAR-gamma activation as one of the mechanisms, and suggest that E-ext
including curcuminoids and sesquiterpenoids has the additive or synergistic effects of both components.

Nishiyama T, et al. J. Agric. Food Chem. 2005.

(DSS)-induced shortening of the large bowel by 52-58%. We also evaluated the
chemopreventive effects of oral feeding of TUR, CUR, and their combinations using a model of
dimethylhydradine-initiated and DSS-promoted mouse colon carcinogenesis. At the low dose,
TUR markedly suppressed adenoma multiplicity by 73%, while CUR at both doses suppressed
adenocarcinoma multiplicity by 63-69%. Interestingly, the combination of CUR and TUR at
both low and high doses abolished tumor formation. Collectively, our results led to our

Murakami A, et al. Biofactors. 2012

In conclusion, despite the fact that the antileishmanial activity of curcuminoids has been extensively studied by [}

various laboratories worldwide, the results reported here highlight the positive influence of the volatile constituents

(enriched in turmerones) not hitherto associated with antileishmanial activity. reinforcing the scientific evidence of

C. longa as the botanic species of the century. In addition, the incorporation of the hexane fractions into liposomes
Amaral AF, et al. BioMed Res Int. 2014

]
Why BCM-95°® is more bioavailable

- Turmerones - fragrant constituent of turmeric *usually discarded*
In BCM-95 as a mixed spectrum — AR (aromatic), a, etc.

- Turmerones increased curcumin absorption in independent study (vue etal. 2012)
- Statistically significant increases of curcumin + turmerones inside Caco-2 cells
+ Relative increase in curcumin + turmerones on basolateral surface of Caco-2 cells

| Table 3.

[

% Amount of Curcumin Measured Before and After Transport Experiments

g

a Experiment A Experiment B
Measured curcumin amount (ug)  Curcumin  Curcumin+turmerones Curcumin Curcumin+turmerones
Apical (before) 1.90=0.48 0.67=0.076 0.60=0.071 0.60=0.12
Basolateral (after) 0.028=0.012 0.030<0.010_ 0.025=0.015 0.03520.013
Inside cells (after) 0.032=0.0052 0.044=0.0080" 0.042=0.010 0.068=0.024~

+ Human PK study finds BCM-95 bioavailable nonys. 2008)
- Found “free” in plasma at 7X the standard unformulated curcumin (p <0.05)
Initial peak at 1 hour (vs. 2.5 hours*) and maximum at 4.5 hours
+ Residual curcumin in blood at 8 hours post intake (vs. 4.5 hours*)

Table 5. Human trisls reporting pl for curcumin aimed at enhancing curcumin bioavaisbility

Stugy Dosage form Preduct name No. of Dose  Tma®(h) G AUC CUR analysis  Urinary Raf.

population subjects g} (nmollL) (nmoll x h) excretion

Single oral dose experiments

Healthy Capsulss of pure 10 2 075 490 £ 438 217127 Free nd. 128]
subjects curcumin powder curcumin®

combined with 0.02 g
of pure piperine

powder
Healthy Capsules of curcumin BCM-95™, 1 2 3 1240 8600 Frae n.d. (37
subjects with trmeric Blocurcumax™ curcumin
essentlal oils
Healthy Capsulas of solid lipid QSN 6 0.65 2404 6145 ag4 & 74 Free n.d. le1]
subjects nanoparticles of curcumin
which, curcumin
=~
Healthy Capsules of L] 9 0.209 4+08 66+ 16 740 + 186 Total n.d. 138]
subjocts phosphatidylcholine 0376 3B06 1765+ 34 1460 + 355 curcumin®
complax
Healthy Submicron (nano} a— 1 s 1 8035 2074166  Towl nd t39]
subjects suspension in water curcumin
Healthy Capsules of 8 N 6 016 4 5134130 74960  Total nd [a0]
subjects submicron (nano) 021 4 747 + 182 104 1167 curcumin
suspansion
TR v BpeuTas of sond oy i 2 T=04 B3 L1 513+ 33 Fran n.d 181
osteosar- nanoparticle of 3 2102 85416 819+ 113 curcurmin
coma which, curcumin a 4216 M+24 1007474
>80%

a) AUC, area under thy 0d concantration-time curve; Cru., Maximum blood concentration; CUR, curcumin; n. d., nat mnma. Touaes 1IN0 10 roach maximum blood concentration.
b) Free curcumin concetrations wers quantified by extractian of the analyte without prior enzymatic hydrolysis of mtuugalm with p.gmw»m.a.n sulfatase.
¢ Total curcumin concantrations were quantified by axtraction of the snalyte stter prior enzymatic hydrolys's of
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(86% curcuminoids)(65% curcumin)
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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 RV

Dipeptidyl peptidase-4: A key player in chronic liver disease

f] “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),
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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 and
Curcumin) increase gut hormone release
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Innate immune sensing and its roots:
the story of endotoxin

a Bacterial cell (E. coli)

b Cell-wall organization
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Invited Review

Of Microbes and Meals: The Health Consequences
of Dietary Endotoxemia

Caleb J. Kelly, MS, RD *; Sean P. Colgan, PhD '; and Daniel N, Frank, PhD™'
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Circulating Zonulin, a Marker of Intestinal Permeability,
. Is Increased in Association with Obesity-Associated
Insulin Resistance

José Maria Moreno-Navarrete, Mdnica Sabater, Francisco Ortega, Wifredo Ricart,

Intestinal Permeability Is Associated With
Visceral Adiposity in Healthy Women
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disturbances in humans, we aimed to study circuating according to obestty and insulin resistance. Circulating

zonulin (ELISA) was measured in 123 caucasian men in a with inflammatory and metabolic parameters (including

minimal model-measured insulin sensitivity). Circulating zonulin increased with body mass index (BMI), waist to hip ratio

(WHR), fasting insulin, fasting triglycerides, uric acid and IL-6, and negatively correlated with HL-cholesterol and insulin

ity. In multiple regression analysi, insulin sensitivity (p=0.002) contributed independently to circulating zonulin

effects of M|, and age. When circulating IL-6 was added to this model,

only BMI (p=001) contributed independently to circulating zonulin variance. In conclusion, the relationship between
insulin sensitivity and circulating zonuiin might be mediated through the obesity-related circuiating IL6 increase.
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The role of HDL in innate immunity’

Kenneth R. Feingold® and Carl Grunfeld

Metabolism Section, Department of Veterans
San Francisco, CA 94121

nolysis, and favorably
also contribu

te to the an nic effects of HDL (1,
2). Notwell recognized is the role HDL plays in innatc im-

munity (3).

Numerous stu oproteins bind

dies have shown that
microorganisms or compounds derived
ganisms (3). When cither endotoxin (LPS
e bacteria, or lipoteichoic acid (LT

“Numerous studies have shown that lipoproteins bind to 3
icroorganisms or compounds derived from microbes...the
ajority of LPS and LTA are bound to HDL...inhibits the ability of

PS and LTA to interact with toll-like receptors_(TLR). ” X
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globin-related protein also inhibit infection by
(14). Finally, low levels of HDL and apolipoprotein Al
are associated with an increase in mortality in patients ad-
d 1o intensive care units (15-17). Taken together,
s indicate that HDL plays a role in pro-
cets of microorganisms

The structural basis for the prote
wdied most intensively for LPS. Bot
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tion can be altered by changing the
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Similarly, several studies have shown that infusion of HDL
or apolipoprotein A mimetic peptides into animals with
erimental sepsis improves survival (3

8,9). Conversely,

reducing serum lipoprotein levels increases the ability of
LPS administration to induce death and this inereased sus-
ceptibility can be reversed by providing exogenous lipo-
proteins (10). Humans with low HDL levels have a more
robust response to LPS an
the i of HDL to
humans blunts the deleterious eff of LPS administra-
tion (12). In addition to binding bacterial products, HDL
of viruses and neutralizes their
 HDL also plays a protective role in
fections (3). The lysis of trypanosomes is medi-
ated by HDL particles that contain apolipoprotcin L1 and

both apolipoproteins and phospholipids can play impor-
tant roles in the ability of HDL to neutralize LPS
In this issu

 knockout mice is similar to HDL isolated from wild-
e in the ability to facilitate cholesterol efflux, pro-
¢ of cytokines to

tent in neutralizing LPS 4
vivo. Specifically, they show that 1) a
pase 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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Circadian adaptations to meal timing: neuroendocrine

by: Circadian rhythms of behavior and physiology are generated by central and peripheral
Attonso Aizsid, Caloon Unversi.  circadian oscillators entrained by periodic environmental or physiological stimuli. A master
Canada circadian pacemaker in the hypothalamic suprachiasmatic nucleus (SCN) is directly

Bevioured byz entrained by daily light-dark (LD) cycles, and coordinates the timing of other oscillators
Tatsushi Onake, Jhi Medics
Unversy Japan by direct and indirect neural, hormonal and behavioral outputs. The daiy rhythm of food

Ellott Albers, Georgia State

Psychology, Simon Fraser Universiy.

emait mi

ensuring that biological activities, from gene expression to forag-
ing behavior, occur in the right sequence and at the right time
of day. Although daily light-dark (LD) cycles are considered to
be the dominant environmental stimulus for synchronizing cir-
cadian oscillaors to local time, for many circadian processes,
it is the timing of food intake that is most important. In this
review, we briefly outline the evidence that feeding patterns reg-
ulate circadian clocks in mammals. We then critically examine
the role of metabolic and stress-related hormones in this process.
An important objective for the purposes of this Frontiers Topic
i’ plvarie : s

stress) is to draw attention to chronobiological concepts that
provide a framework for understanding how anything that
[N N A VSR NN IR EYPRERETERCR RERU TR  affect feeding behavior, including acute or chronic stress stimuli

intake provides stimuli that entrain most peripheral and central oscillators, some of which
University, Georgia can drive a daily thythm of food anticipatory activity if food is restricted to one daily
sponder mealtime. The location of food-entrainable oscillators (FEOs) that drive food anticipatory

Floh € Mistbergos Dopartmant of rhythms, and the food-related stimuli that entrain these oscillators, remain to be clarified.
g e e sumae ¢, Here, we critically examine the role of peripheral metabolic hormones as potential internal
Canads entrainment stimuli or outputs for FEOs controlling food anticipatory rhythms in rats and

astca mice. Hormones for which data are available include corticosterone, ghrelin, leptin, insulin,
glucagon, and glucagon-ike peptide 1. All of these hormones exhibit daily rhythms of
synthesis and secretion that are synchronized by meal timing. There is some evidence
that ghrelin and leptin modulate the expression of food anticipatory rhythms, but none
of the hormones examined so far are necessary for entrainment. Ghrelin and leptin likely
modulate food-entrained thythms by actions in hypothalamic circuits utilzing melanocortin
and orexin signaling, although again food-entrained behavioral rhythms can persist in

d

“Circadian time-keeping coordinates cellular and physiological processes 3
internally, and synchronizes these with daily cycles in the environment,
ensuring that biological activities, from gene expression to foraging
behavior, occur in the right sequence and at the right time of day

%]

ks
was first revealed by studies of circadian activity rhythms in
food-restricted rodents. Acute and chronic food restriction elicit
well-known behavioral and physiological responses to maintain
metabolic homeostasis. Acute deprivation recruits neural cir-
cuits that promote arousal and food secking behavior. Chronic
aaloric restriction induces physiological adaptations to facilitate
the extraction and storage of energy from ingested nutrients and
o reduce energy expenditure. If aloric restrition is chronic and
food availability is limited to 2 particular time of day, further
adaptations can occur in the temporal regulation of metabolism
and food secking behavior. These adaptations involve entrain-
ment of circadian clocks in the brain and in peripheral organs
and tissues by stimuli associated with food intake.

Physiology and behavior are regulated by circadian clocks
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Abstract—Numerous long-term studies have investigated
the circadian clock system in mammals, which organizes
physiological functions, including metabolism, digestion,
and absorption of food, and energy expenditure. Food or
nutrition can be a synchronizer for the circadian clock sys-
toms, as potont as th extomnal light-dark signal can bo
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CIRCADIAN CLOCK SYSTEM
Circadian clock system in mammals

‘The circadian clock system has been widely maintained in
many species, from prokaryotes to mammals. “Circadian”
means “approximately day” in Latin, and therefore,
e approximate 24-h
cycles. The earth rotates once every 24-h, and our
circadian system has been developed to adjust to this
24-h cycle to efficienty utiize suniight for
photosynthesis in plants or cyanobactera, and w obtain
portant
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23 that our

Unhealthy!! stem in
Irregular phase Jlosues

of peripheral clocks past 2

7 o
Breakfast -1 =

. Ppos
and transiational regulations have‘ in

i DUF, corsoriedal hypotialamus; FAR, food antopstory
acuvhy FEO, food ertranatle osollor, Gz, glucose ransporer

ock-out; LHA, lateral hypothalamus; NAD, nicotinamide
Sionie st O, neurons e v yase, PARP.T,

0.1016/.neuroscience.2013.08.049 [ fwrcooloddienitntithritinity g tivoesths

Tahara, Y., & Shibata, S. (2013). Chronobiology and nutrition.
Neuroscience, 253, 78-88. di

recent years, been reported to serve important roles in
maintaining circadian rhythms. Genome-wide RNA-seq
and Chipseq analyses found that only 22% of the
thythmically oscilating messenger RNAS are driven by

With time restricted feeding I've experlmented




Medical conditions may have been
mentioned or implied in our
discussion of the circadian clock.

It is important to remember that dietary supplements
CANNOT mitigate diseases or replace drugs.

However, XYMOGEN products CAN give your patients
their best chance to stay healthier longer*

* These statements have not been evaluated by the US Food and Drug Administration. These products
are not intended to diagnose, treat, cure , or prevent any disease.

Time-Restricted Feeding

16/8 schedule

Benefits the microbiome and gut-hormones (as you’re
eating within your body’s circadian rhythm

Helps to induce nutritional ketosis

Enhances mitochondrial biogenesis

Time-Restricted Feeding

16/8 schedule

Benefits the microbiome and gut-hormones (as you’re
eating within your body’s circadian rhythm

Helps to induce nutritional ketosis

Enhances mitochondrial biogenesis

RelaxMax™ Wild Cherry
Supplement Facts

Serving Size: 1 Scoop (3.8 g)
Servings Per Container: 60

Amount Per Serving
e ———.
Magnesium (as DiMagnesium Malate) 75 mg %

. I
XYM@EN ‘myo-Inositol 29 **
EXCLUSIVE PROFESSIONAL FORMULAS e EEE——

pr— Taurine 500 mg
GABA (gamma-aminobutyric acid) 100 mg
L-Theanine (Suntheanine®) 50 mg
I
** Daily Value not established.

y Other Ingredients: Natural cherry flavor (no MSG), malic acid, natural

Parmaceveical Grade - Protes Use O red beet powder, citric acid, and stevia.
et WL 8.4 02 (228 8)
Di-Magnesium Malate covered by Albion Laboratories, Inc. U.S. Patent
6,706,904 and patents pending.
Suntheanine®, a patented form of L-Theanine,

SUNtheanine® i asemar of ayo temationa, i

* These statements have not been evaluated by the US Food and Drug Administration. These products
are not intended to diagnose, treat, cure , or prevent any disease.




RelaxMax™ Wild Cherry

Supplement Facts

Serving Size: 1 Scoop (3.8 )
Servings Per Container: 60

Amount Per Serving ~ %Daily Value

Magnesium (as DiMagnesium Malate) 75 mg 19%

‘myo-Inositol 29

Taurine 500 mg

GABA (g i ic acid) 100 mg

L-Theanine (Suntheanine®) 50 mg

** Daily Value not established.

Other Ingredients: Natural cherry flavor (no MSG), malic acid, natural

sy
Parmaceutical Grade - Protessions Use O red beet powder, citric acid, and stevia.

Nee W 804 02 (228 8)
Di-Magnesium Malate covered by Albion Laboratories, Inc. U.S. Patent
6,706,904 and patents pending.
® Suntheanine®, a patented form of L-Theanine,

Suntheanine is a trademark of Taiyo International, Inc.

* These statements have not been evaluated by the US Food and Drug Administration. These products

are not intended to diagnose, treat, cure , or prevent any disease.

Bacterial overgrowth
Intestinal barrier disintegration
Increasing intestinal permeability

REESA Y

r\\ Tissue damage

Endotoxin, Microbial
patterns %y

PAMPs
Excess Blood Fats \ Damaged cells ( e.g. AGEs)
Cytokine R
TLRS Proinflammatory cytokines

Excess Free

) Fatty Acid
c” Release N
L. ~/Proinflammatory
) / genes

/ \
[ |

| U
TNF-alpha
g D s

TLRS \
cytokine R \

( Proinflammatory

—
\genes

Insulin

Macrophage Adipocyte

Melatonin

XYMC&SEN

FICLUSIVE PROFESSIONAL FORMULAS
PERPERMINT FLAVOF

#““Dietary Supplement

Pramaceutical Grade - Professional Use 0%
60 Quick-Dissolve Tablets

Supplement Facts

Serving Size: 1 Quick-Dissolve Tablet
Servings Per Container: 60

Amount Per Serving ~ %Daily Value

Melatonin 3mg *x

=+ Daily Value not established.

Other Ingredients: Xylitol, mannitol, stearic acid, silica, magnesium
stearate, and natural peppermint flavor.

These statements have not been evaluated by the Food and Drug
Administration.

Gut microbiota fermentation of prebiotics increases satietogenic and
incretin gut peptide production with consequi
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
intake in humans. In rodents, these effects are associated with
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 during a test meal for
human volunteers by using  noninvasive micromethod for blood
sampling to measure plasma gut peptide concentrations.

Design: This study was a randomized, double-blind, paralll, placebo-
controlled trial. A total of 10 healthy adults (S men and $ 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 1 and breath-hydrogen excretion measured after the meal
(0-60 min) were significantly correlated (- = 085, P = 0.007). The
glucose response was inversely correlated with the breath-hydrogen
excretion areas under the curve (0-180 min; £ = ~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 seasation and glucose excursion responses after a meal in
bealthy subjects.  Am J Clin Nutr 2009:90:1236-43,

associated risk factors for cardiovascular disease (3). A number of
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