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Steuerung	  des	  Appe-ts	  über	  
die	  Darm-‐Hirn-‐Achse	  
PD	  Dr.	  Be;na	  Wölnerhanssen	  

Klinische	  Forschung	  	  
St	  Claraspital	  Basel	  und	  Universitätsspital	  Basel	  	  

Teil	  1:	  Physiologie	  	  
=	  	  

der	  Normalzustand	  

Darm-‐Hirn-‐Achse	  
=	  Bidirek)onaler	  Kommunika-onsweg	  
zwischen	  	  
dem	  Zentralen	  Nervensystem	  	  
und	  	  
dem	  Magendarmtrakt	  

Signalaustausch:	  Wie?	  
1)	  Rückenmark	  

2)	  N.	  Vagus	  

3)	  Blutweg	  	  

1)  
3)  

2)  

Welche	  Systeme	  ?	  

Immunsystem	  

	  
Appe-t,	  Sä;gung,	  

Energiebilanz	  
	  

Psyche/Stress-‐System	  

Malisch/Garland 2004 

Camilleri, 2004. Peripheral Mechanisms in Appetite Regulation 

Appe-t	  

Herkömmliches	  Modell	  
•  Totale	  Selbstkontrolle:	  
	  
	  	  

und	  was	  ich	  will	  	  

Ich	  esse	  wann	  ich	  will	  

soviel	  ich	  will	  
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Appe-t	  

Gängige	  Meinung:	  Adipositas	  -‐-‐>	  
•  Kontrollverlust:	  
	  
	  
Isst	  ständig	  

In	  rohen	  Mengen	  

und	  Ungesundes.	  

Appe-tkontrolle	  &	  Energiehaushalt	  

KOMPLEX!	  

Camilleri, 2004 

Lizarbe, 2013 

Farré, 2013 

Fetisov, 2013 

Hunger?	  

DER SPIEGEL 47/2016 

1920 bis 1970 starben im Schnitt 
 von 100‘000 Menschen weltweit 529 
pro Jahrzehnt durch Hungersnöte. In den 2000ern nur noch 3. 

Die	  wich-gsten	  beteiligte	  Parteien	  

Alles	  automa-sch?	  
Innere	  Uhr:	  der	  Körper	  weiss,	  
wie	  spät	  es	  ist.	  

Substanzen,	  die	  wir	  dringend	  
brauchen	  werden	  ständig	  
gemessen.	  Es	  werden	  ständig	  
Analysen	  gemacht.	  Körper	  =	  wie	  ein	  

Supercomputer	  

Wenn	  wir	  zu	  wenig	  Energie	  
haben,	  werden	  wir	  hungrig.	  

Wenn	  wir	  zu	  viel	  Energie	  
haben,	  haben	  wir	  Lust	  uns	  zu	  
bewegen.	  

Wenn	  wir	  zu	  wenig	  
Flüssigkeit	  	  haben,	  
kriegen	  wir	  Durst.	  

Zentrales	  Nervensystem	  
Hirnrinde	  (Cortex):	  Selbstkontrolle,	  Geruch/
Geschmack,	  Op-sches,	  Soziales,	  Belohnung	  

	   Hypothalamus:	  	  
Schaltstelle,	  	  
spezialisierte	  Neuronen	  
	  

	   Hirnstamm:	  Info	  aus	  	  
dem	  Magendarmtrakt	  

	  

1	  

2	  

3	  

© W&B/M. Ibelherr 
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2
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Zunge	  

Zunge 
Zungenoberfläche 

Geschmacksknospen 

Geschmacksknospen 
sind überall auf der  
Zunge verteilt.  
Keine Regionen. 

       
Süss   

Salzig   

Bitter 

Sauer 

Umami 
       

Au`au	  der	  Dünndarmwand	  

Die Oberfläche des 
Darmes sieht aus wie 
ein flauschiger 
Teppich. 

Es hat eine Reihe von 
Zellen an der 
Oberfläche. 

Die Zotten saugen die 
Nahrung auf und geben 
sie ans Blut ab. 

© Pearson Education, Inc,. B. Cummings 

Zellen	  der	  Darmoberfläche	  
Schleimzellen 
9% 
 

Schleim wird 
in den Darm 
abgegeben, 
damit alles 
geschmeidig 
bleibt 
 

Enteroendokrine Zellen 
1% 
 

Rezeptoren 

Hier wird 
analysiert, 
was in den 
Darm herein 
gekommen 
ist. 
 
 

Botenstoffe:   
Blutweg und  
Vagusnerv 

Nahrungs-
bestandteile  
gehen ins Blut 

Gewöhnliche 
Darmzellen 
90% Darmzellen saugen 

die Nahrung auf 
 

Monosaccharide 

Aminosäuren 

Kurzkettige 
Fettsäuren 

Enzyme 

Proteine, Fette, 
Kohlenhydrate 

Analyse:	  Darm	  
Enteroendokrine Zellen 
1% 
 

Rezeptoren 

Hier wird 
analysiert, 
was in den 
Darm herein 
gekommen 
ist. 
 
 

Süss   

Salzig   

Bitter 

Sauer 

Umami 
       

Geschmacksstoffe 

Nahrungsbestandteile 

Botenstoffe:   
 
Blutweg und  
Vagusnerv 

Zunge	   Darm	  

Zunge	  vs.	  Darm	  

Adapted:	  Cummings	  et	  al.,	  J.	  Clin.	  Invest.,	  2007	  

CN VII (N. Facialis) 
CN IX (N. Glossopharyngeus) 
CN X (N. Vagus) 

 
CN X (N. Vagus) 

CNS 

Bewusstes Schmecken Unbewusstes Schmecken 

Hunger-‐	  und	  Sä;gungshormone	  
Testmeal	  

Testmeal	   Testmeal	  

Testmeal	  

	  
Meyer-‐Gerspach	  &	  Wölnerhanssen	  et	  al,	  	  unpublished	  
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Sä;gungshormone:	  Bsp.	  GLP-‐1	  

Magen	  
Magenentleerung	  !	  
	  

Gehirn	  
Sä;gung	  "	  
Hunger	  !	  

Fedgewebe	  (braun)	  	  
Wärmeproduk-on"	  

Muskel	  
Insulinempfindlichkeit	  "	  

Niere	  
Salzausscheidung	  "	  

Leber	  
Zuckerproduk-on	  !	  
	  

Pankreas	  
Insulinsekre-on	  "	  
Glucagonsekre-on	  !	  
	  

Magen	  
	  

Enteroendokrine Zelle 

Analyse Magenentleerung 
verlangsamt 

Sättigungshormone 

Adapted: Austin Community College 

Magen	  
	  

Analyse 
Enteroendokrine Zelle 

Sättigungshormone 

Sättigung 
Adapted: Austin Community College 

Magen	  
	  

Analyse 
Enteroendokrine Zelle 

Sättigungshormone 

Dehnung:  
Mechanorezeptoren 

Völlegefühl 
Adapted: Austin Community College 

Magenentleerung	  
Völlegefühl	  
	  
Bsp:	  Zuckerlösung	  
	  
Zunehmende	  Konzentra-on	  	  
bremst	  die	  Magenentleerung	  

75g	  Glucose	  

Ko
nz
en

tr
a-

on
	  

Entleerung	  

25g	  Glucose	  

10g	  Glucose	  

Meyer-Gerspach, Beglinger & Wölnerhanssen, PLOS one, 2016 

We	  are	  not	  alone,	  “ich	  bin	  viele”	  

	  
•  Kollek-ves	  Genom	  =	  “Microbiom”	  	  
•  Grossteil	  im	  Darm:	  100	  Bilionen	  Bakterien,	  
Pilze	  und	  Viren	  

•  “we	  are	  10%	  human	  and	  90%	  poo”	  	  

	  

Gill, Science, 2006 

	  
1:	  10	  
Zellen	  	  
	  

	  
1:	  50	  
Gene	  	  
	  

	  
Darmbakterien:	  Microbiom	  
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•  Vorteilhan:	  Balance	  gewisser	  Bakterien,	  
Diversität	  	  

	  
Darmbakterien:	  Microbiom	  

	  

•  Fingerprint	  

•  eigene	  Geschichte:	  Geburtsmethode,	  
Mudermilch,	  An-bio-ka,	  Ernährung,	  Stress,	  
Hygienemassnahmen,	  Geographie,	  Gene-k	  

•  nach	  Etablierungsphase	  (0-‐4	  Jahre)	  recht	  stabil	  

•  auch	  kurzfris-ge	  Anpassung	  an	  Ernährung	  
möglich	   Jumpertz J Clin Nutr 2011 

	  
	  
Bacteroidaceae	  
Lachnospiraceae	  
Ruminococcaceae	  
Prevotellaceae	  
Enterobacteriaceae	  
Veillonellaceae	  
Bifidobacteriaceae	  
Clostridiaceae	  
Lactobaccilleaceae	  
	  
	  

	  
	  
Birth	  
	  
	  

	  
	  
1	  month	  
	  
	  

	  
	  
12	  months	  
	  
	  

	  
	  
6	  months	  
	  
	  

	  
	  
2-‐3	  years	  
	  
	  

	  
	  
Bacterial	  diversity	  
	  
	  

Interindividual	  variability	  

	  
Darmbakterien:	  Microbiom	  

	  

Freundliche	  Bakterien	  …	  
•  Platzhalter	  
•  produzieren	  Vitamine	  (z.b.	  Vit.	  K)	  
•  spalten	  Pflanzenfasern	  auf	  
•  tragen	  zum	  Funk-onieren	  des	  	  
Immunsystems	  bei	  

•  Energieversorgung	  
•  Sä;gung	  

Gill, Science, 2006, Backhed, Science 2005 De Vadder, Cell 2014 

	  
Darmbakterien:	  für	  was?	  

	  
Körperfett Nahrung 

   0  D  R    0  D  R 

Bäckhed F, PNAS 2004 

Geburt: keine Darmflora 

Normal 
aufgezogen: 
normale 
Darmflora 
„Donor“ 

Ohne Darmflora, 
dann Spende 
erhalten 
„Recipient“ 

+ 

Sterile 
Aufzucht: 

	  
Darmbakterien:	  Microbiom	  

	  

SCFA	  –	  ein	  Bakterienprodukt	  

Nohr, Endocrinology, 2013 

Topinambur 
 

Inulin, Oligofruktose Inulin 

Chicorée 

SCFA  
= short chain fatty acids 

Kohlenhydrate, Fette  

Energiequelle 
Darmzelle 

Butyrat 
Blutkreislauf 

Acetat, Proprionat 

Enteroendokrine Zelle Nerven Leukozyten 

Botenstoff 

Sättigungshormone 

Gegensei-ge	  Beeinflussung	  

•  Nahrung	  beeinflusst	  die	  Darmflora	  
•  Darmflora	  verändert	  Verhalten	  und	  
Nahrungsakquisi-on?	  
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Herkömmliches	  Modell	  
•  Totale	  Selbstkontrolle:	  
	  
Ich	  esse	  wann	  ich	  will,	  	  
soviel	  ich	  will	  
und	  was	  ich	  will	  	  

Selbstkontrolle?	  Freier	  Wille?	  	  

	  Was	  	  
•  Präferenzen	  für	  Nahrungsmidel	  	  
(Geschmacksrezeptoren,	  Microbiom?)	  

Willy	  ist	  
ganz	  
klein	  

	  Wann	  
•  zirkadiane	  Rhythmik	  

	  immer:	  soziale,	  kulturelle	  Faktoren	  

Camilleri, 2004. Peripheral Mechanisms in Appetite Regulation 

	  Wieviel	  	  
•  Sä;gungsmechanismen	  

So toll! 
Mehr 
bitte! 

Aber...	  	  

Süss   

Der Körper 
braucht keinen 
Zucker  

Manchmal wird unser 
Supercomputer 
überlistet... 

	  
	  
	  
	  

=	  ak-vierte	  Hirnareale	  untersucht	  (Durchblutung)	  
 
Verschiedene	  Bedingungen	  
•  Bilder	  von	  Essen	  
•  Vor	  und	  nach	  Nahrungsaufnahme	  
	  
	  
 

Funk-onelles	  Gehirn	  MRI	  

RESEARCH ARTICLE

Dissociable Behavioral, Physiological and
Neural Effects of Acute Glucose and Fructose
Ingestion: A Pilot Study
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Nina Zimak1, Ralph Peterli4, Christoph Beglinger1, Stefan Borgwardt2,3

1 Department of Gastroenterology, University Hospital of Basel, Basel, Switzerland, 2 Medical Image
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Abstract
Previous research has revealed that glucose and fructose ingestion differentially modulate
release of satiation hormones. Recent studies have begun to elucidate brain-gut interac-
tions with neuroimaging approaches such as magnetic resonance imaging (MRI), but the
neural mechanism underlying different behavioral and physiological effects of glucose and
fructose are unclear. In this paper, we have used resting state functional MRI to explore
whether acute glucose and fructose ingestion also induced dissociable effects in the neural
system. Using a cross-over, double-blind, placebo-controlled design, we compared resting
state functional connectivity (rsFC) strengths within the basal ganglia/limbic network in 12
healthy lean males. Each subject was administered fructose, glucose and placebo on three
separate occasions. Subsequent correlation analysis was used to examine relations be-
tween rsFC findings and plasma concentrations of satiation hormones and subjective feel-
ings of appetite. Glucose ingestion induced significantly greater elevations in plasma
glucose, insulin, GLP-1 and GIP, while feelings of fullness increased and prospective food
consumption decreased relative to fructose. Furthermore, glucose increased rsFC of the
left caudatus and putamen, precuneus and lingual gyrus more than fructose, whereas
within the basal ganglia/limbic network, fructose increased rsFC of the left amygdala, left
hippocampus, right parahippocampus, orbitofrontal cortex and precentral gyrus more than
glucose. Moreover, compared to fructose, the increased rsFC after glucose positively corre-
lated with the glucose-induced increase in insulin. Our findings suggest that glucose and
fructose induce dissociable effects on rsFC within the basal ganglia/limbic network, which
are probably mediated by different insulin levels. A larger study would be recommended in
order to confirm these findings.

PLOS ONE | DOI:10.1371/journal.pone.0130280 June 24, 2015 1 / 15
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studies [18,19]. Various trials have been carried out to answer the question of whether fructose
consumption has the same or even stronger satiating effects than glucose or on the contrary re-
sults in increased food intake [37,38]. In animal studies fructose increased subsequent food in-
take—an orexigenic effect—while glucose led to satiation [39]. In humans, fructose triggers
minimal release of satiation hormones and adiposity signals combined with attenuated post-
prandial suppression of ghrelin; this suggests that food intake may be stimulated by fructose
intake as well [37]. In addition, gastric emptying—another important satiety signal—is deceler-
ated by glucose ingestion, but apparently not by fructose ingestion [40]. The failure of fructose
to influence appetite perception is consistent with this. Of note, placebo values lie in between
fructose and glucose (Fig 2) as if fructose led to less satiation than placebo or to put it the other
way round: as if fructose might even promote hunger. However, no statistical significance
could be reached between the respective carbohydrate and placebo and additional studies with
larger sample size are needed to confirm this finding. Previous fMRI studies investigating hy-
pothalamic reactions have compared intravenous with oral glucose administration and showed
that the effect is much stronger after oral ingestion, which emphasizes the importance of gut-
signalling [41]. A recent resting state functional MRI investigation found that glucose ingestion
increased FC between the hypothalamus, thalamus and striatum, whereas fructose increased
FC between the hypothalamus and thalamus but not the striatum [42]. Although we used a

Fig 4. Spatial maps representing the resting state basal ganglia/limbic network for each treatment
condition. Spatial maps representing the reward network detected by GICA for (A) the placebo (i.e. water),
(B) glucose and (C) fructose treatment. Maps were created using a one-sample t-test for each treatment
(randomize, FWE-corrected at p = 0.001). Regions belonging to this network include the entire striatum,
thalamus, and amygdala. The right side of the brain is displayed on the right side of the figure.

doi:10.1371/journal.pone.0130280.g004

Effects of Glucose and Fructose Ingestion on the Brain Reward System

PLOSONE | DOI:10.1371/journal.pone.0130280 June 24, 2015 9 / 15

different methodological approach—with a focus on the basal ganglia/limbic network rather
than on the hypothalamus—our results are in line with these findings: glucose but not fructose
increased FC of the caudatus and putamen to the basal ganglia/limbic network. Interestingly,
Page et al. found a negative correlation between striatal blood flow and the glucose-induced
change in insulin levels, which suggests that anorexigenic peptides such as insulin decrease the
sensitivity of the brain reward system to food reward [5]. In our study, we found that the in-
creased striatal connectivity to the basal ganglia network after glucose relative to either fructose
or water administration correlated positively with the glucose-induced insulin level. This seems
to be at odds with Page et al.’s finding of an inverse relationship between insulin release and
striatal activity [13]. However, besides the fact that they used equicaloric doses of fructose and
glucose (75g vs. 75g), there is an important temporal discrepancy in the methodical design of
the studies: While Page et al. employed a 60-minute post-ingestion acquisition period of pulsed
arterial spin labeling and functional MRI sequences, we examined our subjects directly after
glucose and fructose ingestion with one resting state sequence. Our rationale for this time
frame is that the peak of hormone release is found at about 10–15 minutes post ingestion and
fructose is rapidly converted to glucose in the liver so that the time window for distinguishing
fructose from glucose effects in the brain is very short [39]. More importantly, 75g of fructose
is a very high load and can cause adverse events even in healthy subjects: 25g is the highest load

Fig 5. Differences in functional resting state connectivity to the basal ganglia/limbic network between glucose and fructose administration. (A)
Dual regression to the basal ganglia/limbic network demonstrates a glucose-induced increase in rsFC of the left caudatus (x = -17, y = 18, z = 8), left putamen
(x = -34, y = -18, z = -8), precuneus (x = -18, y = -60, z = 32) and lingual gyrus (x = -18, y = -73, z = -3) relative to fructose (p = 0.02 uncorrected) (B) Fructose
increased rsFC of left amygdala (x = -14, y = -3, z = -14), left hippocampus (x = -18, y = -4, z = -24), right (para)-hippocampus (x = 11, y = 0, z = -32), OFC (x =
-33, y = 23, z = -16) and precentral gyrus (x = -34, y = -8, z = 57) compared with glucose (p = 0.02 uncorrected).

doi:10.1371/journal.pone.0130280.g005

Effects of Glucose and Fructose Ingestion on the Brain Reward System

PLOSONE | DOI:10.1371/journal.pone.0130280 June 24, 2015 10 / 15
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Sä;gungshormone	  

Fruktose	  hat	  keinen	  Effekt	  auf	  die	  Freisetzung	  
von	  Sä;gungshormonen	  

Wölnerhanssen et al, PLOS one 2015 

Glucose 
Fructose 
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studies [18,19]. Various trials have been carried out to answer the question of whether fructose
consumption has the same or even stronger satiating effects than glucose or on the contrary re-
sults in increased food intake [37,38]. In animal studies fructose increased subsequent food in-
take—an orexigenic effect—while glucose led to satiation [39]. In humans, fructose triggers
minimal release of satiation hormones and adiposity signals combined with attenuated post-
prandial suppression of ghrelin; this suggests that food intake may be stimulated by fructose
intake as well [37]. In addition, gastric emptying—another important satiety signal—is deceler-
ated by glucose ingestion, but apparently not by fructose ingestion [40]. The failure of fructose
to influence appetite perception is consistent with this. Of note, placebo values lie in between
fructose and glucose (Fig 2) as if fructose led to less satiation than placebo or to put it the other
way round: as if fructose might even promote hunger. However, no statistical significance
could be reached between the respective carbohydrate and placebo and additional studies with
larger sample size are needed to confirm this finding. Previous fMRI studies investigating hy-
pothalamic reactions have compared intravenous with oral glucose administration and showed
that the effect is much stronger after oral ingestion, which emphasizes the importance of gut-
signalling [41]. A recent resting state functional MRI investigation found that glucose ingestion
increased FC between the hypothalamus, thalamus and striatum, whereas fructose increased
FC between the hypothalamus and thalamus but not the striatum [42]. Although we used a

Fig 4. Spatial maps representing the resting state basal ganglia/limbic network for each treatment
condition. Spatial maps representing the reward network detected by GICA for (A) the placebo (i.e. water),
(B) glucose and (C) fructose treatment. Maps were created using a one-sample t-test for each treatment
(randomize, FWE-corrected at p = 0.001). Regions belonging to this network include the entire striatum,
thalamus, and amygdala. The right side of the brain is displayed on the right side of the figure.

doi:10.1371/journal.pone.0130280.g004

Effects of Glucose and Fructose Ingestion on the Brain Reward System

PLOSONE | DOI:10.1371/journal.pone.0130280 June 24, 2015 9 / 15

different methodological approach—with a focus on the basal ganglia/limbic network rather
than on the hypothalamus—our results are in line with these findings: glucose but not fructose
increased FC of the caudatus and putamen to the basal ganglia/limbic network. Interestingly,
Page et al. found a negative correlation between striatal blood flow and the glucose-induced
change in insulin levels, which suggests that anorexigenic peptides such as insulin decrease the
sensitivity of the brain reward system to food reward [5]. In our study, we found that the in-
creased striatal connectivity to the basal ganglia network after glucose relative to either fructose
or water administration correlated positively with the glucose-induced insulin level. This seems
to be at odds with Page et al.’s finding of an inverse relationship between insulin release and
striatal activity [13]. However, besides the fact that they used equicaloric doses of fructose and
glucose (75g vs. 75g), there is an important temporal discrepancy in the methodical design of
the studies: While Page et al. employed a 60-minute post-ingestion acquisition period of pulsed
arterial spin labeling and functional MRI sequences, we examined our subjects directly after
glucose and fructose ingestion with one resting state sequence. Our rationale for this time
frame is that the peak of hormone release is found at about 10–15 minutes post ingestion and
fructose is rapidly converted to glucose in the liver so that the time window for distinguishing
fructose from glucose effects in the brain is very short [39]. More importantly, 75g of fructose
is a very high load and can cause adverse events even in healthy subjects: 25g is the highest load

Fig 5. Differences in functional resting state connectivity to the basal ganglia/limbic network between glucose and fructose administration. (A)
Dual regression to the basal ganglia/limbic network demonstrates a glucose-induced increase in rsFC of the left caudatus (x = -17, y = 18, z = 8), left putamen
(x = -34, y = -18, z = -8), precuneus (x = -18, y = -60, z = 32) and lingual gyrus (x = -18, y = -73, z = -3) relative to fructose (p = 0.02 uncorrected) (B) Fructose
increased rsFC of left amygdala (x = -14, y = -3, z = -14), left hippocampus (x = -18, y = -4, z = -24), right (para)-hippocampus (x = 11, y = 0, z = -32), OFC (x =
-33, y = 23, z = -16) and precentral gyrus (x = -34, y = -8, z = 57) compared with glucose (p = 0.02 uncorrected).

doi:10.1371/journal.pone.0130280.g005
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Belohnungsnetzwerk	  

Einnahme von Glukose im Gegensatz zu Fruktose führte 
zu einer Aktivierung von Regionen, die für die Motivation 
und die Belohnungverarbeitung zuständig sind. 

	  
Teil	  2:	  Deregula-on	  	  

	  

Was,	  wenn	  das	  System	  nicht	  
funk-oniert?	  

Appe-tkontrolle	  funk-oniert	  nicht	  mehr	  

Darm-‐Hirn-‐Achse	  

Es	  wird	  nach	  einer	  Lösung	  für	  das	  Problem	  gesucht...	  

Abbrechen	  

Übergewicht	  

www.oecd.org, 2017 

Übergewicht	  

41 

Schneider, 2017, BAG Schweiz 

Entwicklung der Kosten von 
Übergewicht und Adipositas 

Kosten von Übergewicht und Adipositas 

Zentrales	  Nervensystem	  
Hirnrinde	  (Cortex):	  Selbstkontrolle,	  Geruch/
Geschmack,	  Op-sches,	  Soziales,	  Belohnung	  

	   Hypothalamus:	  	  
Schaltstelle,	  	  
spezialisierte	  Neuronen	  
Wahrscheinlich	  liegt	  	  
die	  Hauptursache	  für	  	  
Übergewicht	  hier!	  
	  
	  

	  

1	  

2	  

© W&B/M. Ibelherr 

1

2
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Hunger-‐	  und	  Sä;gungshormone	  

	  
Meyer-‐Gerspach	  &	  Wölnerhanssen	  et	  al,	  	  unpublished	  

Testmeal	  

Testmeal	   Testmeal	  

Testmeal	  
Enteroendokrine	  Zellen	  

Anzahl	  Zellen	  reduziert	  bei	  Obesen	  

Normalgewich-g	   Übergewich-g	  

Wölnerhanssen et al, SREP 2017 

Übergewicht	  und	  Darmflora	  
Stuhltransplantation 

Obese  
Mäuse (ob/ob) 

Normalgewichtige 
Mäuse (+/+) 

Stuhltransplantation 

Turnbaugh, Nature 2006 

+ 

Sterile 
Aufzucht: 

Microbiom	  und	  Adipositas	  

•  Darmflora	  bei	  Übergewich-gen	  arbeitet	  
effizienter	  

	  

Turnbaugh, Nature 2006, Cho Nature 2012 

Problemlösung?	  

Appe-tkontrolle	  funk-oniert	  nicht	  mehr	  

Es	  wird	  nach	  einer	  Lösung	  für	  das	  Problem	  gesucht...	  

Abbrechen	  

Darm-‐Hirn-‐Achse	  

Medikamente	  

Sättigungshormone  
synthetisch hergestellt 
 
wie GLP-1 

z.b. Liraglutid 
 
•  wirksam bei Diabetes 
•  leichter Gewichtsverlust 
•  muss gespritzt werden 
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Magenbypass	  

Gewichtsreduzierende	  Chirurgie	  
=	  bariatrische	  Chirurgie	  

Warum	  Chirurgie	  ?	  

Sjöström, JAMA 2012 

 
konservative Therapie: weniger als 4% nehmen nach 10 Jahren ab 

konserva-v
n=	  2037	  
	  

Erfolgreiche 
Chirurgie 

opera-v	  
n=	  2010	  

Stabilität 

Ef
fe

kt
iv

itä
t 

Nach	  Opera-on:	  	  
einfach	  weniger	  Nahrung?	  

35

40

45

50

1 3 5 7 9 11 13 15 17 19 21

days

we
ig

ht
 (g

)

adapted: Schneck AS, Surg Endosc 2013 

 
 
Gewichtsverlust 
 
 
 
 
 
 
 
 
 
 

Fasten 

scheinoperiert, freier Zugang zu Nahrung  

scheinoperiert, Nahrung eingeschränkt  

Schlauchmagen, Nahrung eingeschränkt  

	  
Meyer-‐Gerspach	  &	  Wölnerhanssen	  et	  al,	  	  unpublished	  

Testmeal	  

Testmeal	   Testmeal	  

Testmeal	  

Hunger-‐	  und	  Sä;gungshormone	  

Hunger	  &	  Sä;gung	  
“Wie hungrig sind Sie?” “Wie satt fühlen Sie sich?” 

Borg CM, le Roux CW et al., Brit J Surg 2007 

Enteroendocrine	  Zellen	  erholen	  sich	  
Normalgewich-g	   Übergewich-g	   Übergewich-g	  

nach	  OP	  

Zellen	  nehmen	  nach	  OP	  wieder	  zu	  !	  	  

Wölnerhanssen et al, SREP 2017 
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Wie	  Darmflora	  beeinflussen?	   Darmflora	  

•  “Standard	  Western	  Diet”	  wenig	  faserreich	  
•  Vielfalt	  nimmt	  in	  der	  westlichen	  Welt	  ab,	  
Assozia-on	  mit	  chron.	  Erkrankungen	  

	  

J & E. Sonnenburg Cell Metab 2014 De Vadder, Cell 2014 

1.	  Ernährungsweise	  
•  Auswahl	  an	  Nahrungssubstraten	  (Selek-on)	  
•  Je	  vielfäl-ger,	  desto	  besser	  

2.	  Präbio-ka:	  Bakterienfuder	  
•  Selek-on	  über	  Substrat	  
•  Di-‐,	  Oligo	  und	  Polysaccharide:	  Oligofruktose,	  
Lactulose,	  Inulin	  Galaktooligosaccharide	  

Brownawell J Nutr 2012, De Vrese Adv Biochem Eng Biotechnol. 2008, Roberfroid  J Nutr 2007 

Topinambur: Inulin 

Chicorée: Inulin, Oligofruktose 

	  
3.	  Probio-ka	  =	  Bakterienpräparate	  	  

	  	  	  
•  Grosser	  Markt	  
•  Etablierte	  Flora	  schwierig	  zu	  beeinflussen	  

4.	  An-mikrobielle	  Therapie	  

•  Breitbandan-bio-kum	  =	  wie	  Round-‐Up	  
•  Reduziert	  die	  Biodiversität	  
•  Mäuse:	  An-bio-ka,	  Microbiom	  gestört	  	  
	  und	  Verhalten	  verändert	  

•  Tierzucht:	  	  

Collins, Gastroenterology 2009 
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5.	  Stuhltransplanta-on	  	  
•  Bekannt	  seit	  400	  n.	  Chr.	  (Ge	  Hong,	  China)	  
•  USA:	  B.	  Eiseman	  1958:	  pseudomembranöse	  
Coli-s	  

Bisherige	  Evidenz:	  	  
•  Clostridium	  difficile	  	  
•  Insulinsensi-vität	  
•  Coli-s	  ulcerosa	  	  
	  

Bakken, Clin Gastroenterol Hepatol 2011, Vrieze, Gastroenterology 2012)  

6.	  Bariatrische	  Chirurgie	  	  

Nach der Operation 
•  Grosse Veränderung der  

 Zusammensetzung 
•  Vielfalt nimmt zu 

Farin, …, Wölnerhanssen, et al. 2018  

D
iv

er
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hn
es
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s 

LRYGB 
     Präoperativ 
     Postoperativ 

LSG 
     Präoperativ 
     Postoperativ 

Zusammenfassung	  

Appe)tsteuerung	  und	  Energiehaushalt:	  	  
•  ein	  komplexes	  System,	  viele	  Mitspieler	  
•  Vieles	  läun	  unbewusst	  ab	  
Darm-‐Hirn-‐Achse:	  	  
•  ein	  wich-ger	  Informa-onsweg	  
•  in	  beide	  Richtungen	  
•  Auf	  verschiedenen	  Ebenen	  Störungen	  
möglich;	  Übergewicht	  

Steuerung	  des	  Appe-ts	  über	  
die	  Darm-‐Hirn-‐Achse	  
PD	  Dr.	  Be;na	  Wölnerhanssen	  

Klinische	  Forschung	  	  
St	  Claraspital	  Basel	  und	  Universitätsspital	  Basel	  	  


