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Dysregulation of the homeostatic control of appetite and hepatic 
glucose production, and the imbalance of the interrelation between the 
gut microbiota and the innate immune system, are currently believed 
to be the main causes of obesity. Most of these mechanisms function 
by interacting with one another, rendering high levels of complexity 
in continual maintainance of a stable body weight. Understand the 
molecule that acts specifically or having a regulatory role in each of 
the pathway, is therefore crucial in effective management of obesity 
development. A number of function-specific mechanisms and 
pathways of the hypothalamus and the gut have been identified as 
potential therapeutic targets. 

The arcuate nucleus (ARC) of the hypothalamus is particularly 
important in the integration of central and peripheral signals that 
regulate appetite. The ARC houses two neuronal circuits, ie. the 
appetite- and the satiety-stimulating circuits, which signal using 
specific neurotransmitters to modulate feeding behavior and energy 
expenditure. Gut hormones have long been recognised as the primary 
peripheral signals that determine the release of specific central 
neuropeptides [1]. Most recently, favourable outcome from bariatric 
surgeries has led to a rejuvenated interest in the gut and the gut-brain 
neuronal axis. Bariatric surgeries performed on obese, non-diabetic 
patients caused a reduction in acyl-ghrelin, and significant increase in 
anorexigenic peptides such as peptide YY3-36 (PYY3-36) and glucagon-
like peptide (GLP)-1 [2]. Because bariatric surgery is currently the 
only clinically used obesity treatment that has resulted in significant 
long-term weight loss, these hormones may be critical in the regulation 
of body weight. However, ghrelin receptor is widely expressed in the 
central nervous system, and exerts different effects in different areas 
of the brain. Infusion of ghrelin receptor antagonist into the cerebral 
ventricles decreases caloric intake and weight gain [3], but chronic 
antagonism of ghrelin receptor in the paraventricular nucleus (PVN) 
increases the animal’s preference for high fat-diet (HFD) and their 
body weight gain [4]. Therefore, unless the inhibitor of ghrelin receptor 
can be designed to reach brain regions other than the PVN, its use may 
be of limited beneficial effects. GLP-1 is effective in reducing appetite 
and body weight [5], but has unwanted side effect, ie. it may cause 
hypoglycaemia in non-diabetic subjects [6]. Compare with ghrelin and 
GLP-1, PYY3-36  may be a more promising target. Daily, intermittent 
intravenous infusion of PYY3-36  has been reported to cause a sustained 
reduction in daily food intake and body weight [7]. Since PYY3-36  
has higher affinity to the ARC Y2 than other Y receptors, peripheral 
administration of suitable dose of PYY3-36 to specifically target Y2 
receptor may be effective in long-term body weight control. 

Besides appetite, several centrally mediated pathways have 
been reported to control glucose homeostasis [8]. One of the more 
established pathway involves long-chain fatty acyl-coenzyme A (LCFA-
CoA). LCFA-CoA, a product of intestinal lipid metabolism, binds to 
N-methyl-D-aspartate (NMDA) receptor in the fourth ventricle or the 
nucleus of the solitary tract and reduces hepatic glucose production 
[9]. In the cell, LCFA-CoA enters mitochondria via carnitine palmitoyl 

transferase (CPT)-1 and undergoes β-oxidation. Interestingly, 
pharmacological inhibition of the ARC’s CPT1 decreases food intake 
and glucose production [10], while accumulation of LCFA-CoA in the 
hypothalamus lowers glucose production [11]. Data collectively suggest 
that glucose homeostasis can be effectively controlled via modulation 
of the NMDA receptor in the brainstem, and inhibition of CPT1 in the 
ARC.

There is a developing interest on gut microbiota, where extensive 
research in this area has offered a different yet wider perspective on the 
cause of obesity and treatment option. Lipopolysaccharides (LPS) is a 
major component of the Gram-negative bacterial outer membrane. It 
binds to toll-like receptor (TLR)-4, a receptor expressed in the intestinal 
epithelial cells and adipose tissues [12]. Intestinal TLR4 is vulnerable to 
overactivation because any change in the gut microbiota composition 
causes an increase in luminal LPS [13]. TLR4 activates nuclear 
factor-kappa B and increases the expression of pro-inflammatory 
cytokines. Mucosal inflammation alters the tight junctions, which 
enhances intestinal permeability, subsequently systemic and tissues 
inflammation [13]. Cytokines expressed in the adipose tissues and liver 
are associated with the onset of insulin resistance, and HFD-fed TLR4 
knockout mice were protected from these pathological conditions [12]. 
Moreover, administration of LPS induces obesity and visceral adiposity 
to the same extent as HFD feeding [14]. In short, obesity is associated 
with inflammation, and TLR4 inhibition can suppress the development 
of many hallmark features of obesity.   

HFD and psychosocial stress are two major risk factors of obesity. 
HFD alters the composition of gut microbiota [11] and attenuates 
intestinal lipid sensing mechanisms [8], including the mechanism 
initiated by LCFA-CoA [9]. Psychosocial stress promotes the release of 
glucocorticoids and ghrelin. In fact, plasma ghrelin increases in parallel 
with glucocorticoids [15] and the duration of stress [16]. Chronically 
stressed mice had an increased adiposity and weight gain, consistent 
with elevated levels of ghrelin, and hypothalamic neuropeptide Y 
and agouti-related peptide expression [3]. Rodent introduced to 
physical and psychological stress also suffered from intestinal mucosal 
inflammation and degeneration, intestinal barrier dysfunction, and 
impaired mucosal defence against infectious agents [17,18]. Recently, 
I have shown that chronic stress alters the expression profile of 
intestinal nutrient transporters [18]. Particularly interesting was the 
up-regulation of facilitative glucose transporter-2 (SLC2A2, formerly 
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known as GLUT2) in the duodenum, which seemed to be correlated 
with inflammation and morphological changes of the enterocytes. There 
may be many other physiological function of the gut that contributes to 
obesity development but is yet to be revealed. Because HFD exaggerates 
response to stress [19], stress-induced pathophysiological changes will 
be enhanced in the presence of HFD. Figure 1 shows some of the major 
mechanisms and pathways that regulate energy balance and body 
weight, and how HFD and stress disrupt the homeostasis. 

In summary, modulation of ghrelin and PYY3-36 levels, the 
expression of central CPT1 and NMDA receptor, and peripheral 
TLR4 receptor are specific therapeutic strategies that may increase the 
effectiveness of obesity treatment. Most importantly, these mechanisms 
and pathways are bound to be disrupted by HFD and stress. Managing 
these function-specific molecules may be useful to tackle the major risk 
factors of obesity.
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Figure 1: Targeting specific mechanisms and pathways to counteract the effects of high fat-diet and stress. Peptide YY3-36 induces satiety by binding 
preferentially to the arcuate nucleus (ARC) Y2 receptor. Inhibition of the hypothalamic ghrelin receptor (except that in the paraventricular nucleus) and 
the ARC’s carnitine palmitoyl transferease (CPT)-1 reduces food intake and glucose production (dotted lines refer to the effects from CPT1 inhibition). 
Intestinal long-chain fatty acyl-coenzme A (LCFA-CoA) binds to the brainstem’s N-methyl-D-aspartate (NMDA) receptor and decreases hepatic glucose 
production. This lipid sensing mechanism is attenuated by high fat-diet (HFD) (red dashed line). HFD and stress via activation of the toll-like receptor 
(TLR)-4 and the release of ghrelin, respectively, causes inflammation and obesity (orange lines represent the impact of HFD and stress). Modulation of 
these molecules (boxes in blue) and receptors (boxes in grey) are potential strategies to control body weight gain, (LPS) lipopolysaccharides.
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