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Introduction and outline of this thesis  
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This thesis describes the role of the central nervous system in infection and 

inflammation. The central nervous system consists of two parts. The somatic nervous 

system and the autonomic nervous system. The autonomic nervous system is the part 

that acts as a control system, maintaining homeostasis in the body like arterial pressure, 

gastro-intestinal motility and many other activities. The autonomic nervous system can 

be divided into two subdivisions: the parasympathetic and the sympathetic nervous 

system. Chapter 2 is a review about the central nervous system and its role in the immune 

response. 

 

Part I: The anti-inflammatory reflex 
 

The parasympathetic nervous system consists of the cranial nerves III, VII, IX, X and 

in the sacral region the spinal nerves S2 to S4. The vagus nerve (cranial nerve X) has 

recently been identified as a pathway that impacts on inflammation. The key endogenous 

mediator of this so-called cholinergic anti-inflammatory pathway is acetylcholine, the 

principal neurotransmitter of the vagus nerve, which specifically interacts with �7 

cholinergic receptors expressed by macrophages and other cell types to inhibit tumor 

necrosis factor (TNF)-� production1. In Chapter 3 we investigated the effect of electrical 

vagus nerve stimulation on coagulation and fibrinolysis during endotoxemia in rats. In 

Chapter 4 we used the selective �7 nicotinic receptor agonist 3-(2,4-dimethoxy-

benzylidene) anabaseine (GTS-21) to chemically stimulate the cholinergic anti-

inflammatory pathway in a model of lipopolysaccharide (LPS)-induced peritonitis; in 

addition, we determined to what extent inhibition of TNF-� release contributes to other 

anti-inflammatory effects provided by GTS-21. The role of the cholinergic anti-

inflammatory pathway during bacterial infection and pancreatitis is described in the 

following chapters. In Chapter 5 we studied the effects of either disruption (by vagotomy) 

or stimulation of this pathway (by nicotine treatment) during experimental peritonitis 

induced by intraperitoneal injection of Escherichia coli. In Chapter 6 we more specifically 

examined the effect of the nicotinic �7 receptor in the same model, using �7 cholinergic 

receptor deficient mice. In Chapter 7 we determined the effect of the cholinergic anti-

inflammatory pathway on experimental pancreatitis; for this pancreatitis was preceded by 

either inhibition of this pathway (by vagotomy or pretreatment with the nicotinic 

receptor antagonist mecamylamine) or by stimulation thereof (by pretreatment with the 

selective �7 nicotinic receptor agonist GTS-21). In Chapter 8 we investigated the effect of 

Chapter 1  
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�7 cholinergic receptor stimulation in the pulmonary compartment. For this we induced 

lung inflammation via intranasal administration of LPS in the presence or absence of local 

treatment with GTS-21 (administered via the airways). Finally, in Chapter 9 the effect of 

stimulation of the cholinergic anti-inflammatory pathway using nicotine was investigated 

in pneumonia caused by Streptococcus pneumoniae.  

 

Part II: The sympathetic nervous system 
 

Sympathetic responses include an increase in heart rate, blood pressure and cardiac 

output, a diversion of blood flow from the skin and splanchnic vessels to those supplying 

skeletal muscle, increased pupil size, bronchiolar dilation, contraction of sphincters and 

metabolic changes such as the mobilisation of fat and glycogen. At most postganglionic 

sympathetic endings, the chemical transmitter is noradrenaline, a catecholamine. The 

actions of catecholamines are mediated by specific postsynaptic cell surface receptors. 

Pharmacologically these receptors can be subdivided into two groups, � and � receptors. 

These have been further subdivided on functional and anatomical grounds. �1 adrenergic 

receptors mediate effects in the heart (increased force and rate of contraction) while �2 

receptors produce smooth muscle relaxation in the bronchi and blood vessels. Stimulation 

of �2 adrenergic receptors on smooth muscle cells results in a bronchodilatory effect, and 

as a consequence �2 agonists are commonly used agents in the treatment of asthma and 

chronic obstructive pulmonary disease2. �2 adrenergic receptors are also expressed on 

cells that mediate inflammatory processes and stimulation of these receptors by specific 

agonists is associated with a variety of effects on immune cells, which are predominantly 

anti-inflammatory3. In Chapter 10 we studied the role of � adrenergic receptors in the 

regulation of lung inflammation induced by intranasal instillation of either LPS or 

lipoteichoic acid. For this, we blocked endogenous � receptors by inhalation of the � 
receptor antagonist propranolol. In Chapter 11 we followed the same approach to study 

the role of � adrenergic receptors in the host response to pneumonia caused by 

Pseudomonas aeruginosa.  

Introduction and Outline of this Thesis 
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