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Identification and localization of cholinergic nerve endings and 

acetylcholine receptors in tissues of the immune system- an animal and 

postmortem human study 

Mythreye Thayabaran 

AB S TRACT 

The central nervous system is known to interact with the immune system through the 

autonornic nerves and modify the immune responses. Although sympathetic 

noradrenergic fibres has been considered as the predominant component controlling the 

functions of lymphoid tissues, recent researches point towards equally important role of 

cholinergic innervation. Our present study describes the cholinergic nerve supply of 

different lymphoid tissues by demonstrating the neural profiles, cholinergic nerve 

endings, acetylcholine receptors and enzymes of acetylcholine synthesis by 

immunohistochemistry and immunoflourescence techniques. 

Fresh immune tissues such as spleen, liver, lymph nodes, thymus and terminal ileum of 

small intestine were retrieved from Balb/C mice, Wistar rats and humans and were 

processed to examine the microscopic ultra structural variations in Haematoxylin & 

Eosin stained slides. Primary antibodies raised in rabbit and rat against al & u7subunits 

of nAChRs, M2 & M3 subunits of mAChRs, yAChT, ChAT. and Neuron Specific 

Enolase (Sigma Aldrich, USA) were used to label the 4 tm thin tissue sections. 

Biotinylated anti-rat and anti-rabbit IgG were used as secondary antibodies. Labelled 

Streptavidin Biotin (LSAB) technique was used; with DAB as chromogen and 

counterstained with Mayer's haematoxylin. Skeletal muscle and cerebral cortex were 

processed as positive controls. Similarly, immunoflourescence technique was done by 

labelling the tissues with the above mentioned primary antibodies and FITC conjugated 

secondary IgGs. Immunohistochemistry slides were observed and digitalized using 



Dino capture (Taiwan), while the immunoflourescence slides observed through 

advanced fluorescence microscope (Olympus FSXIOO). An inflammatory response was 

induced in Balb/C mice by injecting irritant sterile turpentine in their hind limbs and the 

histopathological changes examined in tissues presented with sterile abscess and local 

lymph nodes using H & E staining. Further using anti-ui nAChR and anti-VAChT in 

those tissues choliiiergic innervation was investigated. 

The immunohistochemistry slides were evaluated and the intensity of immunostaining 

was determined based upon a score of 0 (No staining), 1+ (focal staining/ less than 30% 

of JR cells), 2+ (focal to diffuse/moderate staining. 30% - 60% cells), 3+ (Strong 

staining, 61 - 100% of cells) (Schaulder et al, 2008). 

Jmmunoreactivity of at & u7nAChRs and the M2AChRs were clearly identified in 

capsule, interlohar septa, corticomedullary junction and the cortex in thyrnus of Balb!C 

mice and Wistar rats. Similarly, VAChT and ChAT were localized at the proximities of 

those sites. In spleen the distribution of cii & u7nAChRs and the M2 & M3 mAChRs 

were identified in the capsule, trabeculae and sinusoids of red pulp in the Balb!C mice, 

Wistar rats and humans and the VAChT, ChAT and NSE were also localized towards 

their vicinity. The distribution of cii & ci7nAChRs and the M2 & M3AChRs and the 

localization of VAChT and ChAT were mainly found in the capsule subcapsular sinus, 

medullary cords and paracortex of lymph nodes of the three species. Peyer's patches, 

liver and the lymphoid aggregations of posterior part of tongue did not express 

immunoreactivity towards anti-VAChTs, and ChAT. The distribution of a7nAChRs and 

the M2 & M3 mAChRs were not identified in those tissues. The expression of NSE at 

pen-portal triad of liver shows the nerve control of this tissue. It is apparent that the 

AChRs specifically localize in the sites rich in T cells. Further u7nAChRs were found 

mainly in the subcellular compartments distributed with tissue macrophages. The strong 



JR of neuron specific enolase in capsules of spleen and lymph nodes provides evidence 

that the innervation from autonornic nerves traverse through their supporting framework 

reinforced by reticulin fibres to the parenchyrna. The expression of alnAChR in the 

polymorpho nuclear leukocyte and macrophages and the localization of VAChT in the 

similar sites confirm that parasympathetic cholinergic innervation in those sites and 

suggest that the inflammatory response may be regulated through alnAChRs. 

Localization of VAChT and ChAT confirms that the presence of cholinergic neural 

control of immune tissues is predominantly through the ciA & a7nAChRs and M2 & M3 

AChRs. 

Knowledge gained regarding the in-situ localization and expression of cholinergic 

receptors could be used as a consistent anatomical background to understand the 

functional interaction between nervous and immune system leading to intervention of 

new therapeutic applications. The parasympathetic receptor distribution suggests 

cholinergic control of immune responses and by regulation of excess inflammatory 

response by the inflammatory reflex. A complete understanding of parasympathetic 

innervation of immune tissues is essential for designing more specific molecular based 

drug treatment in autoimmune and inflammatory diseases. 
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