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Potential of butyrate to influence food 
intake in mice and men
Kristina S Fluitman,1,2 Madelief Wijdeveld,3 Max Nieuwdorp,1,3 
Richard G IJzerman1

In recent years, many studies have been 
dedicated towards elucidating the role of 
the intestinal microbiota in metabolic 
health. It was suggested that specific intes-
tinal microbial compositions can either 
protect from—or contribute to obesity 
and metabolic diseases. A causal relation 
between the microbiota and host meta-
bolic profile was demonstrated when 
faecal microbiota of lean and obese 
subjects was transferred into mice, which 
then exhibited corresponding pheno-
types.1  Short chain fatty acids (SCFAs) 
have broadly been proposed as key media-
tors in the microbiota-induced metabolic 
effects on the host. They are produced by 
bacterial fermentation of otherwise indi-
gestible nutrients. The most abundant 
SCFAs are propionate, acetate and 
butyrate. All have been extensively studied 
in murine models for their possible influ-
ence on colonic health, glucose and lipid 
metabolism, as well as appetite and energy 
expenditure. Although various mecha-
nisms by which these SCFAs exert their 
effect were suggested,2–7 the precise path-
ways remain unclear.

In Gut, Li et al report on the mecha-
nisms by which butyrate positively influ-
ences energy balance and protects from 
diet-induced obesity. They deduce that 
many of the butyrate-induced metabolic 
benefits are driven by a decrease in energy 
intake. In their first experiment, Li et al 
exposed overnight fasted mice to either 
intravenously administered butyrate or 
to butyrate administered via intragastric 
gavage. Interestingly, only intragastric 
administration affected feeding behaviour, 
reducing cumulative 24 hours food intake 
by 21%. Furthermore, it induced a marked 
shift in the activity of hypothalamic 
orexigenic and anorexic neurons. This 
demonstrates that butyrate administration 

affects central appetite regulation before 
butyrate enters the systemic circulation. 
Next, Li et al conducted a 9-week trial, 
feeding mice a high fat diet (HFD) with 
or without 5% sodium butyrate. They 
again found a reduction in food intake 
of 22% in the butyrate-fed group, along 
with a reduction in body weight, gonadal 
white adipose tissue mass, liver weight 
and lipid content. A third group of mice 
was added, who received a HFD without 
butyrate, restricted to the amount of food 
that the butyrate-fed group ate. These 
pair-fed mice showed effects comparable 
to those in the butyrate group. However, 
not all effects were similarly present in 
the pair-fed group. Therefore, some, but 
not all effects of butyrate were thought 
to be mediated by a decrease in energy 
intake. In a final experiment, the effects 
of butyrate were abolished after subdia-
phragmatic vagotomy surgery, suggesting 
that the gut-brain neural circuit is crucial.

The authors speculate that the orally 
administered butyrate reduces appetite 
by stimulating the secretion of gluca-
gon-like peptide 1 (GLP-1) in the gut. 
GLP-1 would then stimulate the vagal 
nerve, which innervates the brainstem 
and induces satiety. However, endogenous 
GLP-1 concentrations were not measured 
and a previous study demonstrated a 
GLP-1-independent effect of highly 
fermentable supplements on appetite.2 To 
further explore the contribution of GLP-1 
to these SCFA-mediated effects, GLP-1 
levels could be measured or endogenous 
GLP-1 activity could be blocked by a 
GLP-1 receptor antagonist. Alternatively, 
the metabolic benefits of butyrate may 
be induced by satietogenic gut hormone 
Peptide YY,3 or by intestinal gluconeogen-
esis and increased portal glucose sensing 
by the vagal nerve.7

Li et al conclude their report by 
proposing that butyrate, as oral supple-
ment, is a promising strategy to combat 
obesity and related cardiometabolic 
diseases. However, we feel that this 
conclusion may be somewhat prema-
ture. First, validation in human 
studies is needed and may not yield 
as convincing results. Human physi-
ology naturally differs from that of a 

mouse, and conditions surrounding a 
human dietary intervention are often 
not as standardised. In the last years, it 
was attempted to translate the prom-
ising, metabolically beneficial effects of 
antibiotics (as microbiota-manipulating 
strategy) from mice to humans. Results 
were far less pronounced.8 Second, as the 
authors rightly note in their article, the 
satietogenic effects of butyrate are not 
consistent across literature. Although Lin 
et al6 also found that butyrate reduced 
food intake, other studies did not, while 
still observing several metabolically 
beneficial effects.5 7 This suggests that a 
decrease in food intake does not mediate 
these metabolic benefits under all circum-
stances. It would be interesting to further 
explore which circumstances (like dosage, 
administration mode, endogenous SCFA 
production, baseline gut microbiota) are 
needed for butyrate to decrease food 
intake. Such knowledge would have 
important implications for any clinical 
application of butyrate as antiobesity 
drug. The authors suggest that the incon-
sistency in results may be caused by a 
difference in HFD type. Both studies that 
found a reduction in food intake used a 
similar lard-based HFD,6 9 while another 
study used a palm oil fat-based HFD, and 
did not find such a result.5 Li et al briefly 
speculate that the different types of HFD 
might have differently impacted the intes-
tinal microbiota, thereby the production 
of endogenous SCFAs, and the response 
to exogenous butyrate. They immediately 
dispute this hypothesis, however, as the 
chow-fed mice from the acute interven-
tion also experienced an acute decrease in 
food intake. Nonetheless, we would like 
to argue that the mechanisms underlying 
the effects in the acute intervention might 
differ from those in the chronic dietary 
intervention. For instance, it could be 
speculated that the effects in the acute 
intervention were due to mechanical 
(bulk) effects of butyrate on the stomach. 
Butyrate could remain in the stomach 
longer than the vehicle that was infused 
in the control group. This would explain 
why the reduction in food intake was 
especially evident during the first hour 
after the intervention. Finally, one could 
wonder whether the results of individual 
mice were consistent across groups, or 
whether there were so-called responders 
and non-responders. If so, it would be 
interesting to explore the differences 
between responders and non-responders, 
further identifying the circumstances that 
are essential for an effect to occur. By 
doing so, a recently published study from 
our group was able to identify baseline 
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microbial composition as an essential 
factor for the response to microbiota 
faecal transplantation.10

The current study clearly demon-
strates that dietary butyrate is capable of 
decreasing food intake in mice. Further-
more, it elegantly shows that many of the 
metabolic benefits may be mediated by 
food restriction and that all effects require 
a functioning vagal nerve. However, incon-
sistency across literature concerning the 
satietogenic effect of butyrate precludes 
generalising these results to humans. We 
argue that well-controlled human studies 
should be performed examining under 
which circumstances and in which indi-
viduals microbiome-targeted or SCFA-tar-
geted therapies are most effective. This 
will help optimise efficiency and select 
individuals that will benefit the most from 
such therapies.
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