
Published by Baishideng Publishing Group Inc

World Journal of 
Diabetes
World J Diabetes  2017 December 15; 8(12): 484-511

ISSN 1948-9358 (online)



-----=

 

Contents Monthly  Volume 8  Number 12  December 15, 2017

December 15, 2017|Volume 8|Issue 12|WJD|www.wjgnet.com I

FIELD OF VISION
484	 Gut-brain crosstalk regulates craving for fatty food

Raghow R

REVIEW
489	 Gestational diabetes from A to Z

Mirghani Dirar A, Doupis J



Contents
World Journal of Diabetes

Volume 8  Number 12  December 15, 2017

FLYLEAF

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li	             Responsible Science Editor: Jin-Xin Kong
Responsible Electronic Editor: Ya-Jing Lu	             Proofing Editorial Office Director: Xiu-Xia Song
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL 
World Journal of  Diabetes

ISSN
ISSN 1948-9358 (online)

LAUNCH DATE
June 15, 2010

FREQUENCY 
Monthly

EDITORS-IN-CHIEF
Lu Qi, MD, PhD, Assistant Professor, Department of 
Nutrition, Harvard School of Public Health, Boston, MA 
02115, United States 

Jingbo Zhao, PhD, Associate Professor, Aalborg 
Hospital Science and Innovation Centre, Aalborg 
Hospital, Aarhus University Hospital, Aalborg 9000, 
Denmark

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/1948-9358/editorialboard.htm

EDITORIAL OFFICE
Xiu-Xia Song, Director
World Journal of  Diabetes
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLICATION DATE
December 15, 2017

COPYRIGHT
© 2017 Baishideng Publishing Group Inc. Articles 
published by this Open-Access journal are distributed 
under the terms of  the Creative Commons Attribution 
Non-commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non-commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT 
All articles published in journals owned by the Baishideng 
Publishing Group (BPG) represent the views and opin-
ions of  their authors, and not the views, opinions or 
policies of  the BPG, except where otherwise explicitly 
indicated.

INSTRUCTIONS TO AUTHORS
http://www.wjgnet.com/bpg/gerinfo/204

ONLINE SUBMISSION 
http://www.f6publishing.com

ABOUT COVER

December 15, 2017|Volume 8|Issue 12|WJD|www.wjgnet.com II

AIM AND SCOPE

Editorial Board Member of World Journal of Diabetes , Anna C Calkin, PhD, 
Research Fellow, MacDonald Research Laboratories 6-629, UCLA, Los Angeles, 
CA 90095, United States

World Journal of  Diabetes (World J Diabetes, WJD, online ISSN 1948-9358, DOI: 10.4239), 
is a peer-reviewed open access academic journal that aims to guide clinical practice and 
improve diagnostic and therapeutic skills of  clinicians.

WJD covers topics concerning α, β, δ and PP cells of  the pancreatic islet, the effect 
of  insulin and insulinresistance, pancreatic islet transplantation, adipose cells and obesity.

We encourage authors to submit their manuscripts to WJD. We will give priority to 
manuscripts that are supported by major national and international foundations and those 
that are of  great clinical significance.

World Journal of  Diabetes is now indexed in Emerging Sources Citation Index (Web of  
Science), PubMed, PubMed Central, and Scopus.

I-Ⅵ	 Editorial Board 

INDEXING/ABSTRACTING 



Rajendra Raghow

FIELD OF VISION

484 December 15, 2017|Volume 8|Issue 12|WJD|www.wjgnet.com

Gut-brain crosstalk regulates craving for fatty food

Rajendra Raghow, Department of Veterans Affairs Medical 
Center, Memphis, TN 38104, United States

Rajendra Raghow, Department of Pharmacology, University of 
Tennessee Health Science Center, Memphis, TN 38163, United 
States

ORCID number: Rajendra Raghow (0000-0002-4709-7669).

Author contributions: Raghow R solely wrote this paper.

Conflict-of-interest statement: Raghow R declares that there 
is neither a conflict of interest with regard to the publication 
discussed in this FOV communication nor with respect to a 
commercial entity.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Rajendra Raghow, PhD, Professor, 
Department of Veterans Affairs Medical Center, 1030 Jefferson 
Avenue, Memphis, TN 38104, United States. rraghow@uthsc.edu
Telephone: +1-901-5238990
Fax: +1-901-5237274

Received: April 6, 2017
Peer-review started: April 10, 2017
First decision: July 10, 2017 
Revised: July 20, 2017
Accepted: September 3, 2017
Article in press: September 4, 2017
Published online: December 15, 2017

Abstract
Patients undergoing Roux-en-Y gastric bypass (RYGB) 

surgery elicit striking loss of body weight. Anatomical re-
structuring of the gastrointestinal (GI) tract, leading to 
reduced caloric intake and changes in food preference, 
are thought to be the primary drivers of weight loss in 
bariatric surgery patients. However, the mechanisms by 
which RYGB surgery causes a reduced preference for 
fatty foods remain elusive. In a recent report, Hankir et 
al described how RYGB surgery modulated lipid nutrient 
signals in the intestine of rats to blunt their craving for 
fatty food. The authors reported that RYGB surgery 
restored an endogenous fat-satiety signaling pathway, 
mediated via oleoylethanolamide (OEA), that was greatly 
blunted in obese animals. In RYGB rats, high fat diet (HFD) 
led to increased production of OEA that activated the 
intestinal peroxisome proliferation activator receptors-α 
(PPARα). In RYGB rats, activation of PPARα by OEA was 
accompanied by enhanced dopamine neurotransmission 
in the dorsal striatum and reduced preference for HFD. 
The authors showed that OEA-mediated signals to the 
midbrain were transmitted via the vagus nerve. Interfering 
with either the production of OEA in enterocytes, or 
blocking of vagal and striatal D1 receptors signals eli
minated the decreased craving for fat in RYGB rats. 
These studies demonstrated that bariatric surgery led to 
alterations in the reward circuitry of the brain in RYGB rats 
and reduced their preference for HFD. 

Key words: Roux-en-Y gastric bypass surgery; Dietary 
lipids; Dopamine D1 receptors; Peroxisome proliferator 
activated receptor-alpha; Oleoylethanolamide

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The mechanisms underlying a massive and 
sustained body weight loss after gastric bypass surgery 
remain poorly understood. Hankir et al  describe how a 
fat-satiety signaling pathway that was greatly blunted in 
obese rats could be restored by Roux-en-Y gastric bypass 
(RYGB) surgery. The authors have demonstrated that 
RYGB rats on high fat diet (HFD) elicited an increased 
production of oleoylethanolamide (OEA) and activation 
of PPARα that led to a surge in dopamine release and 
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activation of D1 in the dorsal striatum. The enhanced 
dopamine neurotransmission evoked by OEA was 
obligatorily dependent on intact vagus nerve that had no 
effect on the production of OEA in the small intestine. 
The heightened dopamine neurotransmission in the 
midbrain of RYGB rats was linked to their decreased 
preference for HFD. These elegant studies have provided 
a compelling mechanism by which RYGB surgery led to 
altered gut-brain communication to modify the reward 
circuitry involved in food preference and obesity. These 
observations have important clinical implications for the 
amelioration obesity and its pathological consequences. 
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COMMENTARY ON HOT TOPICS 
Patients undergoing Roux-en-Y gastric bypass (RYGB) 
surgery elicit striking loss of body weight. Anatomical re-
structuring of the gastrointestinal (GI) tract, leading to 
reduced caloric intake and changes in food preference, 
are thought to be the primary drivers of weight loss in 
bariatric surgery patients. However, the mechanisms by 
which RYGB surgery causes a reduced preference for 
fatty foods remain elusive. In a recent report, Hankir 
et al[1] described how RYGB surgery modulated lipid 
nutrient signals in the intestine of rats to blunt their 
craving for fatty food. These studies have provided a 
compelling mechanism by which RYGB surgery led to 
altered gut-brain communication to modify the reward 
circuitry involved in food preference and obesity.

Obesity associated diseases represent a looming 
global healthcare crisis of the 21st century. Although a 
collusion of genetic, behavioral and environmental factors 
regulates body mass in humans, its two key drivers 
are ready accessibility of calorically-dense foods and 
sedentary lifestyle[2]. Studies aimed at uncovering the 
Mendelian causes of obesity have revealed that genes 
encoding leptin or its receptor, or pro-opiomelanocortin 
and melanocortin-4 receptor are most commonly 
mutated in genetically obese patients[3,4]. Detailed 
investigations of monogenic obesity have yielded 
important insights into the cellular and molecular 
mechanisms that underpin morbid obesity. However, a 
key insight emerging from these studies is that a world-
wide prevalence of monogenic obesity is rare and a 
vast majority of cases of obesity are polygenic. The 
polygenic nature of severe obesity has been most clearly 
unraveled by genome-wide association studies (GWAS), 
aimed at deciphering a link between single nucleotide 
polymorphisms (SNPs) and body mass index (BMI)[5,6]. 
For example, a recent GWAS in European adults revealed 
a strong link between 32 common SNPs and severe 
obesity; it was also notable that individually, none of the 

32 SNPs showed significant association with BMI[7].
Severely obese patients, regardless of whether their 

obesity is monogenic or polygenic in origin, usually 
engage in overeating and show a preference for fatty 
diet[8]. Similar to humans, obese rodents also prefer 
high fat diet (HFD). Although the mechanisms of eating 
behavior or food preference are poorly defined, they 
are dependent on reciprocal gut-brain communication, 
as shown by functional magnetic resonance imaging 
and positron emission tomography (PET) imaging 
studies[9-12].

Nutrient-derived signaling pathways play a central role 
in sensing the hedonic value of food and satiety. Fat, in 
addition to being a key macronutrient, is vitally involved 
in gut-brain signaling. The intake and metabolism of fat 
are closely monitored throughout the gastrointestinal 
tract[11,13]. The dietary lipids activate taste signals in the 
mouth to promote eating which is stimulated further by 
other lipid derivatives (e.g., arachidonoylethanolamide 
or anandamide) synthesized in the gut[9,11,14]. The small 
intestine also generates anorexic lipid messengers such 
as oleoylethanolamide (OEA), an endogenous agonist of 
peroxisome proliferation activator receptors-α (PPARα). 
The OEA induced activation of PPARα in the intestine 
leads to stimulation of vagal afferents that innervate key 
thalamic and striatal nuclei which constantly appraise the 
sensation of appetite, eating and satiety[15]. 

The rewarding and re-enforcing aspects of food and 
whole body energetics are mechanistically linked to 
dopamine neurotransmission in the midbrain. Chronic 
consumption of HFD leads to reduced synthesis of OEA 
thus blunting the nutrient signaling pathway that enables 
gauging the hedonic value of food; this deficiency 
causes enhanced craving for HFD and compensatory 
overeating[13,16]. A preference for fatty foods in rodents 
can be reversed by supplementation of OEA in their 
diet[15]. These studies have spurred a systematic 
search for weight loss agents that may normalize the 
eating behavior of obese patients and their affinity for 
obesogenic diets. 

Among the many pharmacological and surgical 
options for the treatment of obesity, none is more effective 
than RYGB surgery[17-20]. The physiological and neurological 
underpinnings of RYGB mediated weight loss are only 
partially understood. However, recent studies make it 
abundantly clear that massive and sustained weight loss 
after bariatric surgery involves several mechanisms[20]; 
these include a key role of the gut microbiome, as was 
discussed in an earlier FOV Commentary[21]. 

A prevailing hypothesis to explain eating behavior 
of obese patients is that they are deficient in perceiving 
the reward sensation of food. It is further posited that 
altered striatal dopamine neurotransmission in these 
individuals underpins their behavior (compensatory 
overeating) and physiology (higher metabolic set-point). 
Several recent studies indicate that after undergoing 
RYGB surgery, both humans and rodents not only 
eat less but also develop an aversion for fat-enriched 
foods. Thus, bariatric surgery leads to normalization of 
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the putative metabolic set-point and food preference; 
presumably, this occurs by RYGB-induced changes in 
gut-brain communication[22]. 

To explore the mechanistic basis of altered dietary 
preference associated with bariatric surgery, Hankir et 
al[1], studied diet-induced obese rats that underwent 
RYGB or sham surgery and were exposed to four 
different experimental regimens. First group of rats 
underwent sham surgery and was fed regular low fat 
chow (Sham-LF). The second cohort of rats received 
sham surgery and was kept on calorically restricted 
diet; this group served as body weight matched 
control (Sham-BWM). The third group of rats with 
RYGB or sham surgery was subject to complete sub 
diaphragmatic truncal vagotomy (RYGB-VAG and Sham-
VAG). Finally, a group of rats with sham surgery was 
maintained on HFD (Sham-HFD). The authors found 
that the cohort of Sham surgery rats gained weight on 
either LFD or HFD. On the other hand, RYGB rats ate 
less, showed a reduced preference for HFD and lost 
weight.

To assess if RYGB led to changes in dietary lipid 
signaling, Hankir et al[1], measured the production of OEA 
in the biliopancreatic limb, the proximal Roux limb or the 
proximal common channel of RYGB rats. As assessed by 
liquid chromatography coupled with mass spectrometry 
(LC-MS), RYGB rats elicited increased OEA synthesis 
in the most distal areas of their gut. The OEA is known 
to signal via activation of PPARα that relayed these 
signals via vagus nerve afferents to trigger dopamine 
neurotransmission in the striatum; this signaling 
pathway, involved in assessing the hedonic value of 
food, is dampened in obese animals[15]. Consistent with 
a putative involvement of OEA signaling pathway, the 
RYGB rats elicited enhanced dopamine neurotransmission 
in their striatum. The OEA-mediated surge in dopamine 
signaling pathway was specific to bariatric surgery 
alone since enhanced dopamine efflux was not seen in 
sham-operated rats. Similarly, animals that lost weight 
by caloric restriction did not elicit changes in dopamine 
neurotransmission nor showed a reduced preference 
for HFD. The authors also noted that the OEA-mediated 
signals did not impinge on satiety pathways regulated by 
oxytocin, as reported previously[23]. 

Hankir et al[1], experimentally assessed if intestinal 
OEA-sensory vagal afferent-dorsal striatal dopamine 
signaling pathway was mechanistically linked to lower 
appetite for fat in RYGB rats. It has been shown earlier 
that dopamine D2 and D3 receptor levels in dorsal 
striatum were not affected by RYGB surgery[24-26]. There
fore, Hankir et al[1] investigated the expression of striatal 
D1 receptors (D1Rs) with [11C] SCH-23390 tracer and 
small animal PET to show that density of D1R was indeed 
greater in striatum of RYGB rats, regardless of whether 
they were maintained on LFD or HFD. The authors infused 
PPARα specific agonist WY-14643 in the gastrointestinal 
(GI) tract of Sham-LF and Sham-BWM rats to show that 
pharmacological activation of PPARα triggered a reduced 
preference for fat and lower intake of HFD in both groups 

of animals. Conversely, RYGB associated aversion for 
fat was neutralized by intestinal infusion of a PPARα 
antagonist (GW-6471). These experiments validated a key 
role of OEA signaling and its significant alteration by RYGB 
surgery.

To investigate if OEA-mediating signaling was 
mechanistically connected to striatal dopamine neuro
transmission, authors carried out additional pharma
cological interventions. These experiments revealed that 
infusion of the mixed dopamine receptor antagonist 
α-flupenthixol in the dorsal striatum neutralized the 
effect of bariatric surgery on reduced preference for 
fat in RYGB rats. The eating behavior of RYGB rats was 
blocked by a D1R selective antagonist (SCH-23390) 
thus revealing a specific role of D1R in this process. 
Finally, a simultaneous intestinal infusion of WY-14643 
and delivery of SCH-23390 in the striatum cancelled 
out the effect of activated PPARα signaling. These 
experimental observations led Hankir et al[1] to surmise 
that OEA mediated gut-brain signaling pathways that 
determined food preference and satiety were notably re-
configured by bariatric surgery. The RYGB specifically led 
to enhanced intestinal OEA signaling that was relayed 
by vagus nerve to trigger dopamine neurotransmission 
in the dorsal striatum. A motivated reader should 
consult the original paper[22] for its Graphical Abstract 
summarizing how food-derived signals from the re-
configured GI tract following RYGB travel to the reward 
centers of the brain and lead to reduced preference for 
fatty foods. 

In summary, the observations of Hankir et al[1], have 
shed important light on how anatomical re-configuration 
of the GI by bariatric surgery leads to profound changes 
in gut-brain signaling pathways that regulate the 
motivational and reinforcing aspects of food. These 
experiments have also revealed that causal links among 
the OEA-mediated signaling, food preference and weight 
loss were not absolute since RYGB rats lost considerable 
amount of weight despite the vagotomy mediated block 
in the OEA signaling pathway. These data highlight the 
notion that although dopamine neurotransmission in 
the ventral striatum is a key sensor of hedonic reward 
of the food and satiety, these sensations are regulated 
by mechanisms that utilize additional nutritional and 
hormonal signals[20,22,26,27]. It is nearly impossible to 
assess precise contributions of genetic and environmental 
factors that dictate eating behavior and food preference 
in humans. The RYGB rat may be an excellent model 
system to carry out such studies. Finally, we should note 
that despite its positive clinical attributes, bariatric surgery 
is by no means risk-free. The RYGB rats represent an ideal 
model to search for less invasive methods of weight loss in 
the future. 
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