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The increased availability and consumption 
of highly palatable foods is the major 
factor behind the rise of obesity and type 

2 diabetes in developed countries. Many of these 
highly palatable foods are sweet tasting foods 
that contain high levels of the natural sugar 
sucrose. There are alternatives to sucrose—the 
artificial sweetener sucralose is 600 times sweeter 
and does not contain calories—but the obesity 
epidemic continues because we prefer sucrose to 
sucralose.

Progress has been made in recent years in  
understanding the neurobiological underpinnings 
for this preference: sucrose activates dopamine 
neurons in a region of the brain called the striatum, 
and the resulting release of dopamine is associated 
with pleasure (Velloso et al., 2008). Sucralose, 
on the other hand, does not have this effect. 
Moreover, the repeated consumption of high 
levels of sucrose can create a cycle of continued 

overconsumption—even compulsive eating—in 
order to recapture the initial feelings of pleasure. 
This is similar in many ways to drug abuse or 
addiction, and also involves some of the same 
signalling pathways within the body (Johnson 
and Kenny, 2010).

In 2011 Jeff Friedman of Rockefeller University 
and co-workers—including Ana Domingos as first 
author—used optogenetic techniques to show 
that activating dopamine neurons in the brain 
encouraged mice to eat in the absence of a sweet 
taste (Domingos et al., 2011). The mice preferred 
water to sugar if their dopamine neurons were 
activated at the same time that they were offered 
the water.

Now, in eLife, a team of researchers led by 
Domingos and Friedman reports that the release 
of dopamine is driven by melanin-concentrating 
hormone (MCH) neurons in the lateral hypothal-
amus of the brain (Domingos et al, 2013a). The 
experiments relied on transgenic mice in which 
the MCH neurons could be activated with a care-
fully directed light stimulus, and showed that 
mice preferred sucralose to sucrose when their 
MCH neurons had been activated. This finding 
was confirmed with mutant mice that lacked the 
cellular machinery required to recognize sweet 
tastes; these mice still preferred sucrose over 
sucralose because of its caloric content.

Friedman, Domingos (who is now at the 
Gulbenkian Science Institute in Portugal) and 
co-workers—who are based at Rockefeller, Yale, 
Albert Einstein College of Medicine, the JB Pierce 
Laboratory and UFRGS in Brazil—then engineered 
mice that did not have any MCH neurons at all. 
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The fact that these mice preferred sucralose to 
sucrose supports a model in which MCH neurons 
appear to function as both a sucrose sensor and a 
nutrient sensor. Taken together, the results demon-
strate that preference for sucrose is dependent 
on at least three factors: its ability to activate 
MCH neurons; its sweet taste as detected by 
the taste buds; and, as previously reported, the 
metabolic state of the organism. (Domingos et al., 
2011; Domingos et al., 2013b). Consistent with 
these findings, they propose a model in which 
MCH neurons act as a key component of the 
neuronal networks that lead to the release of 
dopamine in response to the detection of sucrose 
(Figure 1).

While this latest work shows that sucrose 
preference is based on its nutritive value, the 
actual molecular mechanisms via which it affects 
MCH neurons remains unknown. According to 
one report, since sucrose contains glucose, it 
could modulate the excitability of MCH neurons 

via potassium channels that are gated by ATP 
(Kong et al., 2010).

Domingos et al. now suggest that the activation 
of the MCH neurons by sucrose might be medi-
ated indirectly by afferent nerve fibres originating 
from taste sensors in the taste buds and/or the 
gastrointestinal tract. The receptors that respond 
to sweet tastes also respond to the nutritional 
content of the food and help determine which 
neuropeptides should be released by taste buds 
(Geraedts and Munger, 2013). Moreover, sucrose, 
unlike sucralose, is known to act on taste receptors 
in the gastrointestinal tract (Steinert et al., 2011): 
this modulates the release of hormones which 
serve to inform the brain about the availability of 
calories in the body (Brown et al., 2011). Taken 
together, these data suggest that taste receptors in 
both the gustatory system (the part of the sensory 
system that responds to taste) and the gastroin-
testinal system may respond to natural sugars in 
one way, and to artificial sugars in a different way.

An outstanding challenge is to find out how 
MCH neurons activate dopamine neurons in  
the striatum. One possibility is that the orexin/ 
hypocretin neurons in the hypothalamus have  
a role. Since these neurons are involved in the 
regulation of the desire for sugar (Cason and 
Aston-Jones, 2013), and they are also known to 
interact with MCH neurons (Guan et al., 2002), 
they might work together with MCH neurons to 
trigger reward.

The work of Domingos et al. represents a 
significant advance in our understanding of the 
neural mechanisms underlying how mammals 
respond to some kinds of foods. We now under-
stand better why we have an innate desire for 
sweet foods, which are highly caloric and might 
have been, in the past, advantageous from an 
evolutionary perspective. Yet in the modern world, 
where highly caloric food is readily available, how 
do we resist this drive so as to avoid the many 
problems that are associated with obesity?

Interestingly, it appears that the increased use 
of non-caloric sugar substitutes as a mechanism 
to prevent weight gain or enhance weight loss 
has come at a cost. Recent studies show that 
prolonged consumption of sucralose and other 
high-intensity sweeteners can have potentially 
harmful effects on energy metabolism (Swithers 
et al., 2013; Simon et al., 2013). On the other 
hand, it has been reported that non-caloric sugar 
substitutes do little to reduce feelings of hunger 
(Brown et al., 2011).

By applying a combination of novel technolo-
gies to a question that nutrition researchers have 
been investigating for many years, Domingos 

Figure 1. Different responses to sucrose and 
sucralose. Domingos et al. showed that sucrose 
activates melanin-concentrating hormone (MCH) 
neurons in the lateral hypothalamus (LH), which leads 
to the release of dopamine (DA) in the striatum: 
pathway shown in red. In contrast, sucralose can only 
induce the release of dopamine if optogenetic 
techniques are used to activate the MCH neurons; 
pathway shown in green. However, it is almost certain 
that various other neuronal pathways (shown by black 
dashed lines) are involved; these might include orexin/
hypocretin (OX) neurons in the lateral hypothalamus, or 
other neurons elsewhere in the brain.
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et al. have discovered that a specific subset of 
neurons in the hypothalamus are essential for 
both calorie sensing and triggering the reward 
value associated with sucrose. A great deal of work 
is required to understand how this circuit relates 
to higher brain centres and other known nutrient-
sensing cells. But thanks to the elegant studies by 
Domingos, Friedman and their co-workers, a door 
to that path has just been pushed wide open.
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