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Abstract

The pharmacological effect of growth differentiation factor 15 (GDF15) on suppressed appetite has
undergone scientific scrutiny. However, this effect may be driven by nausea in rodents through the
GDNF family receptor a-like (GFRAL), located in the hindbrain. In contract, less is known about the
endogenous effect of plasma GDF15 levels on appetite suppression. In Study 1, the aim was to
investigate the relationship between exercise-induced endogenous plasma GDF15 levels and appetite
suppression. We found that plasma GDF15 levels increased after one bout of exercise in four
independent exercise studies and reached “pathological levels” when the exercise bout lasted beyond
2 hours. In mice subjected to forced treadmill running, we observed comparable increase in plasma
GDF15 levels as in humans immediately following exercise. However, we did not observe any
suppression of appetite in wild type (WT) nor GFRAL knockout (KO) mice in the hours following

exercise, suggesting that endogenous GDF15 levels may not be sufficient to suppress appetite.

Metformin, a blood-glucose-lowering medication, has been reported to increase endogenous plasma
GDF15 levels and to decrease body weight by reducing appetite in pre-diabetic and type 2 diabetic
individuals. In Study 2, we aimed to investigate whether there is a relationship between elevated
metformin-induced endogenous plasma GDF15 levels and body weight loss and appetite reduction.
We found that metformin treatment increased plasma GDF15 levels in both human and mice. When
we administrated metformin to diet-induced obese (DIO) WT, DIO GFRAL KO and DIO GDF15
KO mice, we observed a reduction in body weight and appetite. This effect was independent of the
GDF15-GFRAL pathway, in contrast to previous findings. Our data suggest that the lowering effect
of metformin on body weight is independent of GDF15, however, further research is needed to

elucidate the underlaying mechanisms of the effect of metformin on energy balance.

Fibroblast growth factor 21 (FGF21) has been extensively studied in rodents for its pharmacological
effect on energy expenditure. Moreover, endogenous plasma FGF21 levels have been shown to
increase in mice fed a protein-restricted diet, which was accompanied by increased energy
expenditure. In Study 3, we aimed to investigate whether humans exhibit a similar phenotype when
subjected to a prolonged eucaloric protein-restricted diet. We found that a protein-restricted diet high
in carbohydrate or fat increased fasting plasma FGF21 levels in healthy young men. Moreover, we
found that a protein-restricted diet necessitated an increase in energy intake to maintain body weight.

These findings suggest that a protein-restricted diet has the potential to prevent weight gain and the



development of obesity by increasing energy utilization in humans, perhaps via increased FGF21
secretion. Further research is required to fully understand the underlaying mechanisms responsible
for the need to increase energy intake to maintain body weight when ingesting a protein-restricted

diet.



Resumé (dansk)

Den farmakologiske effekt af growth differentiation factor 15 (GDF15) pa appetitundertrykkelse er
velunderseggt. Denne effekt kan dog vaere drevet af kvalme hos gnavere gennem GDNF-familie
receptor a-like (GFRAL) lokaliseret i baghjernen. Modsat vides der ikke meget omkring den
endogene effekt af plasma GDF15 niveauer pa appetitundertrykkelse. I studie 1 var formalet at
undersgge sammenhangen mellem treningsinduceret endogen plasma GDF15 niveauer og
appetitundertrykkelse. Vi fandt, at plasma GDF15 niveauer steg efter akut arbejde i fire uathaengige
treeningsstudier og ndede “patologiske niveauer”, nar det akutte arbejde varede mere end 2 timer. |
mus, som blev udsat for tvunget lob pa lebebédnd, observerede vi en sammenlignelig stigning i plasma
GDF15 niveauer som hos mennesker umiddelbart efter arbejde. Vi observerede dog ingen
undertrykkelse af appetitten i wild type (WT) eller GFRAL-knockout (KO) mus i timerne efterfulgt
arbejdet, hvilket tyder pa, at endogen GDF15 niveauer muligvis ikke er tilstraekkelige til at
undertrykke appetitten.

Metformin, en blodsukkersaenkende medicin, er blevet rapporteret til at ege endogene plasma GDF15
niveauer samt reducere kropsvegten via reduceret appetit hos preediabetiske og type 2-diabetiske
individer. I Studie 2 var formalet at undersege, om der er en sammenhang mellem forhgjet
merformin-induceret endogene plasma GDF15 niveauer, kropsvagttab og appetitreduktion. Vi fandt,
at metformin behandling egede plasma GDF15 niveauer i bade mennesker og mus. Da vi
administrerede metformin til dizet-induceret overvegtige (DIO) WT, DIO GFRAL KO og DIO
GDF15 KO mus, observerede vi en reduktion i kropsvaegt og appetit. Denne effekt var uathangig af
GDF15-GFRAL-vejen, i modsetning til tidligere fund. Vores data tyder pé, at den seenkende effekt
of metformin pd kropsvagt og appetit er uathaengig af GDF15, men yderligere forskning er

nedvendigt for at belyse de underliggende mekanismer for effekten af metformin pa energibalancen.

Fibroblast growth factor 21 (FGF21) er blevet grundig undersegt i gnavere for dens farmakologiske
effekt pa energiforbrug. Desuden har endogene plasma FGF21 niveauer vist sig a stige i mus fodret
med en proteinrestriktiv diet samtidig med oget energiomsetning. I Studie 3 var formalet at
undersgge, om mennesker udviser lignende fznotype, nar de indtager en langvarig eukalorisk
proteinrestriktiv dizt. Vi fandt, at en proteinrestriktiv dizet hej pa kulhydrat eller fedt egede faste
plasma FGF21 niveauer hos raske unge mand. Desuden fandt vi, at en proteinrestriktiv dieet

nedvendiggjorde en stigning i energiindtaget for at opretholde kropsvaegten. Disse resultater tyder pa,



at en proteinrestriktiv dieet har potentiale til at forhindre vegtegning og udvikling of fedme ved at
oge energiudnyttelsen hos mennesker, méske via eget FGF21 sekretion. Yderligere forskning er
pakravet for fuldt ud at forsta de underliggende mekanismer, der er ansvarlige for behovet for at age

energiindtaget for at opretholde kropsvegten, nar en proteinrestriktiv dizet indtages.
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