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Dysregulation of the microbiome-gut-brain axis
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The microbiome as the basis for a healthy intestine  
Functional bowel disorders such as irritable bowel syndrome (IBS) with diffuse abdominal pain, altered stool frequency 
and consistency occur in over 12% of the population. The intestinal microbiome plays an important role in irritable bowel  
syndrome, both at the onset of the disease and when symptoms worsen. In recent years, it has been shown that the micro-
biome exerts a major influence on both the intestine and higher-level structures such as the brain by producing neurotrans-
mitters and tissue hormones via the microbiome-gut-brain axis.  

The bidirectional communication between brain and intestinal microbiome 

The central nervous system communicates, among other things, via afferent and efferent fibres of the autonomic nervous 
system with different target structures in the intestine, such as the enteral nervous system, the intestinal muscles and the 
intestinal mucosa. It thus influences intestinal motility, the activity of immune cells, intestinal permeability and mucus secre-
tion. These factors can alter the diversity and relative proportions of the microbiome.

But at the same time, the microbiome also has an influence on the intestine and brain via the same factors: Besides  
regulating intestinal permeability and interacting with afferent nerve fibres, the microbiome can also influence the activity 
of the enteral nervous system via signalling molecules. It produces molecules such as GABA, serotonin, histamine and tryp-
tophan, which act locally as neurotransmitters, tissue hormones and growth factors, and activates important neurological 
and immunological processes in the intestine (Carabotti et al. , 2015). 
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Figure 1: Simplified scheme of communication between the intestinal microbiome and the brain. (Source: Toribio-Mateas; 2018)
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Neurotransmitters as markers for the microbiome-gut-brain axis 
Neurotransmitters and tissue hormones such as histamine, serotonin and its precursor tryptophan and GABA control the 
production of digestive juices, intestinal motility and pain sensation.

The tissue hormone histamine regulates through mast cells, enterochromaffin cells and nerve cells immunomodulatory 
processes such as the chemotaxis of eosinophilic and neutrophilic cells, the production of prostaglandins and cytokines (e.g. 
IL-6 or TNFa). Due to an imbalance between histamine intake with food or the production of histamine by bacteria in the 
intestine and a lack of degradation via the enzymes diaminooxidase (DAO) or histamine-N-methyltransferase (HNMT), hista-
mine accumulates in the intestine. High histamine levels can lead to various disorders ranging from nausea and diarrhoea to 
headaches, shortness of breath and tachycardia (Smolinska et al. , 2014; Kovacova-Hanuskova et al. , 2015). Histamine levels 
should therefore be below a concentration of 900 ng/g stool.

The neurotransmitter serotonin or 5-hydroxytryptophan (5-HT) is an important regulator in the gut. Serotonin controls 
intestinal peristalsis via the 5-HT3 receptor (Horii et al. , 2015). Low serotonin concentrations lead to constipation (IBS-C;  
Dunlop et al. , 2005) and very high concentrations lead to diarrhoea (IBS-D). In addition, severely excessive serotonin  
concentrations with simultaneous overexpression of the 5-HT3 receptor can lead to pain (Yu et al. , 2016). The serotonin level 
should therefore be in the range of 740 – 2,500 ng/g stool.

The amino acid tryptophan is a precursor of serotonin, but also an important factor in activating repair processes in the  
intestinal mucosa. Tryptophan activates mTOR, which leads to an increased formation of barrier proteins, defensins and 
secretory IgA (Liang et al. , 2018). On the other hand, tryptophan is a precursor of indole derivatives, which have an anti- 
inflammatory effect (Zelante et al. , 2013). The concentration of tryptophan should therefore always be greater than 16.4 µg/g  
in stool.

GABA is an inhibiting neurotransmitter in the central but also in the peripheral nervous system. With regard to IBS, GABA 
is characterized by its inhibitory effect on visceral pain (Loeza-Alcocer et al. , 2019; Icenhour et al. , 2019). Accordingly, a 
low GABA level indicates a high pain sensitivity in IBS (Aggarwal et al. , 2018).The concentration of GABA should therefore  
always be greater than 13.6 µg/g stool.

 

Histamine Serotonin Tryptophan GABA

Standard range < 900 ng/g  740 – 2,500 ng/g > 16.4 µg/g > 13.6 µg/g

Pathological effect

Histamine excess 
leads to nausea and 
diarrhoea, abdominal 
pain and headaches, 
shortness of breath 
and tachycardia 

Serotonin deficiency 
leads to constipation

Serotonin excess 
leads to diarrhoea and 
hypersensitivity

Tryptophan deficiency  
reduces intestinal 
defence and regene-
ration

GABA deficiency leads 
to increased sensitivity 
of the gut-brain axis 
and to visceral pain

Physiological/  
biochemical  
effect

Release of prostaglan-
dins and pro-inflamm-
atory cytokines  

Dysfunction of the 
peristalsis

decreased activation 
of mTor, missing anti-
inflammatory effect

Lack of inhibition at 
GABA dependent neu-
rons, overstimulation

Table 1: Neurotransmitters and tissue hormones in stool

The determination of the neurotransmitters and tissue hormones produced by bacteria in stool is an important tool for 
understanding disturbances in the communication between the brain and the intestinal microbiome, e.g. in irritable bowel 
syndrome, and for intervening in targeted manner.
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Available at Immundiagnostik:

  Histamine ELISA (Stool) (K 8213) 

  IDK® Tryptophan ELISA (Stool) ( K 7729)

  GABA ELISA (Stool) (K 7009)   

  IDK® Serotonin ELISA (Stool) (K 6881) 

 Immundiagnostik also offers advanced PCR diagnostics  
on the subject „microbiome“  (FOMB 7)
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