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Abstract 
Dry mouth and dry eyes are multifactorial morbidities that can lead to a severely reduced quality of life. 
Approximately 20% of the population suffers from ocular or oral dryness. In the pursuit of pharmacological 
treatments of these troublesome symptoms, we sought to identify new targets and characterize underlying 
mechanisms that modulate lacrimal and salivary secretion.  
Xerogenic and xerophthalmic effects of antidepressants were examined in a rat in vivo model. Centrally 
mediated secretion was stimulated by applying citric acid to the tongue or by administration of menthol to the 
surface of the eye, and peripherally induced secretion was mediated by i.v. injection of the muscarinic agonist 
methacholine. The xerogenic effects of the tricyclic antidepressant clomipramine, the selective serotonin 
reuptake inhibitor citalopram, and serotonin-noradrenaline reuptake inhibitor venlafaxine were shown to be 
centrally mediated. In contrast, only clomipramine attenuated the peripherally stimulated response, while it 
was ameliorated by citalopram and venlafaxine. Likewise, the xerophthalmic effects of clomipramine and 
citalopram were centrally mediated. Further, similar to what was displayed in the salivary investigation, 
clomipramine attenuated peripherally stimulated lacrimation. However, citalopram exhibited no peripheral 
hyposecretory effects. In conclusion, in contrast with the common perception, modern antidepressant 
compounds such as selective serotonin reuptake inhibitors do not feature peripherally mediated 
anticholinergic properties. These findings verify the more suitable therapeutic profile of modern 
antidepressants and support the use of local parasympathomimetic treatment of drug induced dry mouth and 
dry eyes.  
Lacrimal gland secretory mechanisms and the effects of cholinergic and purinergic mediators were studied in 
primary monocultures and co-cultures of rat lacrimal gland cells. The primary culture isolation procedure was 
validated by monitoring the cultures immunochemically. After four weeks, a monoculture of myoepithelial 
cells was established which was shown to be sustained throughout the six-week isolation process. Prior to 
this, at 2-3 weeks, a co-culture of acinar and myoepithelial cells was evident. In conjunction, lacrimal gland 
tissue and primary cell cultures were studied morphologically for identification of cholinergic receptors. 
Immunohistochemical investigation of both myoepithelial cells and lacrimal gland tissues showed expression 
of a heterogenous muscarinic receptor population, indicating a multifaceted presence of functional receptors. 
However, no alterations in intracellular calcium were observed in myoepithelial cells, following stimulation 
with cholinergic modulators. This finding indicated a functional cholinergic dependence on intercellular 
interactions with acinar cells and an alternative cholinergic signal transduction pathway that excludes calcium. 
Based on the monoculture results, we next established a primary co-culture of rat lacrimal gland acinar and 
myoepithelial cells. In these studies, myoepithelial cells displayed a latent calcium response to cholinergic 
stimuli. This response was attributed to purinergic intercellular interactions, likely via ATP released from 
acini cells. 
In conclusion, the current findings show that antidepressant-induced hyposecretion is mainly centrally 
mediated. We established and validated sustainable isolation procedures for monocultures of primary 
myoepithelial cells, in which co-cultures of acinar and myoepithelial cells arise midway. Furthermore, we 
showed that lacrimal gland secretion can be multifaceted, highlighting the importance of investigating effects 
of selective muscarinic and purinergic modulatory compounds in the efforts of developing new treatments for 
dry eyes and dry mouth. 
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