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Is ionic choline and geranate (CAGE) liquid caging
diet-derived fat, limiting its absorption?
Franck Peirettia, René Valérob, and Roland Goversa,1

A recent interesting study from Nurunnabi et al. (1)
demonstrates that, in vitro, an ionic liquid consisting
of choline and geranate (CAGE) generates large lipid
microparticles, when coincubated with the model lipid
molecule docosahexaenoic acid (DHA). Upon applica-
tion of these preformed CAGE-DHA microparticles to
rat intestines ex vivo or orally to starved rats in vivo,
absorption of DHA was largely inhibited when com-
pared with noncomplexed DHA. In the more physio-
logical part of this study, high-fat diet-fed rats were
treated with CAGE (without DHA) applied in oral cap-
sules or left untreated and followed for 30 d. Rats
treated with a high dose of CAGE displayed reduc-
tions in both weight gain and food intake, without
any apparent side effect.

The in vivo data, crucial to the physiological rele-
vance of this study, are claimed to support the
hypothesis that CAGE cages fat from food, re-
ducing its absorption by the gastrointestinal (GI)
tract. However, proof for this claim is lacking. First,
there is no evidence that CAGE is caging fat
derived from food. While CAGE complexes DHA
in a mixture exclusively consisting of CAGE and
DHA in vitro, it is uncertain whether lipid micropar-
ticles form when CAGE meets complex combina-
tions of food components. Second, if CAGE reduces
absorption of diet-derived fat from the GI tract,
the fat content of stool should be significantly
increased, similarly to what has been demonstrated
for orlistat-treated rats and humans (2, 3). The au-
thors have stated that this is likely the case, but have
not investigated this (1). Third, administration of the

10-μL CAGE capsules reduced weight gain by 12%
and food intake by 20%. These two effects seemed
to be closely linked, since the 5-μL CAGE dose did
not affect weight gain, while marginally reducing
food intake by only 5%. Is it possible that the re-
duction in weight gain in high-dose CAGE rats is
exclusively due to the reduced food intake? To in-
vestigate whether CAGE reduces weight gain irre-
spective of any effect on food intake, control rats
should have been “pair-fed,” that is, receiving the
same amount of food as was consumed by the rats
receiving the 10-μL CAGE dose (4–6). If no further
reduction in weight gain had been observed in
CAGE-treated rats compared with the pair-fed con-
trols, this would provide evidence against the au-
thors’ main hypothesis that CAGE administration
in vivo reduces fat absorption and, consequently,
weight gain.

Taken together, from our point of view, it is not
clear what happens when CAGE is administered
in vivo; whether CAGE interacts with lipids post-
prandially, preventing them from absorption; and
what underlies the reduction in weight gain. Never-
theless, the CAGE-induced limitation of weight gain
is interesting for obesity treatment and warrants
further investigation. Moreover, if side effects are also
absent during longer treatments, CAGE may be a
promising future alternative to current weight loss
drugs, such as orlistat and lorcaserin, which are known
to be associated with several serious adverse effects
(3, 7), and to more invasive methods involving bariatric
surgery (8).

1 M. Nurunnabi, K. N. Ibsen, E. E. L. Tanner, S. Mitragotri, Oral ionic liquid for the treatment of diet-induced obesity. Proc. Natl. Acad.
Sci. U.S.A. 116, 25042–25047 (2019).

2 T. Nishioka et al., Orlistat treatment increases fecal bilirubin excretion and decreases plasma bilirubin concentrations in
hyperbilirubinemic Gunn rats. J. Pediatr. 143, 327–334 (2003).

3 P. Sumithran, J. Proietto, Benefit-risk assessment of orlistat in the treatment of obesity. Drug Saf. 37, 597–608 (2014).
4 Y. Furuhata, K. Hirabayashi, T. Yonezawa, M. Takahashi, M. Nishihara, Effects of pair-feeding and growth hormone treatment on obese
transgenic rats. Eur. J. Endocrinol. 146, 245–249 (2002).

aAix Marseille University, INSERM, INRAE, C2VN (Centre de Recherche en CardioVasculaire et Nutrition), 13385, Marseille, France; and bAix
Marseille University, APHM, INSERM, INRAE, C2VN, University Hospital La Conception, Department of Nutrition, Metabolic Diseases and
Endocrinology, 13005, Marseille, France
Author contributions: F.P., R.V., and R.G. wrote the paper.
The authors declare no competing interest.
Published under the PNAS license.
1To whom correspondence may be addressed. Email: roland.govers@univ-amu.fr.
First published March 17, 2020.

www.pnas.org/cgi/doi/10.1073/pnas.2000032117 PNAS | April 14, 2020 | vol. 117 | no. 15 | 8247–8248

L
E
T
T
E
R

http://orcid.org/0000-0003-1359-5333
http://crossmark.crossref.org/dialog/?doi=10.1073/pnas.2000032117&domain=pdf
https://www.pnas.org/site/aboutpnas/licenses.xhtml
mailto:roland.govers@univ-amu.fr
https://www.pnas.org/cgi/doi/10.1073/pnas.2000032117


5 E. Ishida, J. Y. Kim-Muller, D. Accili, Pair feeding, but not insulin, phloridzin, or rosiglitazone treatment, curtails markers of beta-cell dedifferentiation in db/db mice.
Diabetes 66, 2092–2101 (2017).

6 T. Lind, P. M. Lind, L. Hu, H. Melhus, Studies of indirect and direct effects of hypervitaminosis A on rat bone by comparing free access to food and pair-feeding. Ups.
J. Med. Sci. 123, 82–85 (2018).

7 F. L. Greenway, W. Shanahan, R. Fain, T. Ma, D. Rubino, Safety and tolerability review of lorcaserin in clinical trials. Clin. Obes. 6, 285–295 (2016).
8 N. T. Nguyen, J. E. Varela, Bariatric surgery for obesity and metabolic disorders: State of the art. Nat. Rev. Gastroenterol. Hepatol. 14, 160–169 (2017).

8248 | www.pnas.org/cgi/doi/10.1073/pnas.2000032117 Peiretti et al.

https://www.pnas.org/cgi/doi/10.1073/pnas.2000032117

