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SUMMARY 

• Saliva plays an important role in most biologic events 

cciuring in the oral cavity and contributes to the mainte 

nance of systemic health. Secretion occurs in response to a 

salivary reflex. During the fasting period, mouth dryness con 

trols basal secretion. Chewing is the main stimulus for secre 

tion. In human, salivary secretion can be influenced by light/ 

darkness and other environmental stimuli. Postganglionic 

fibers originated in the superior cervical ganglia provide 

sympathetic innervation to salivary and pineal glands. 

Postsynaptic a-and j3-adrenoceptors mediate salivary re 

sponses, including synthesis, storage and release of proteins. 

In mammals, the suprachiasmatic nuclei generate and syn 

chronize endogenous circadian rhythms and the sympathetic 

nervous system plays an important role in the propagation of 

circadian signals. In immature rats, parotid a-amylase and 

total soluble protein circadian rhythms are controlled by 

periodic factors whose timing is independent of that imposed 

by nocturnal chewing of solid food. In rats exposed to various 

environmental stimuli, such as photoperiod, constant dark 

ness or light, the submandibular secretory response and fine 

structure of parotid gland, suggest'that both presence and 

absence of light can induce adrenergic responses. Homeo- 

static mechanisms would be required for a differential cow- 
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trol of adrenergic responses during the two photoperiod 

phases. Circulating catecholamines would control light 

induced response, while sympathetic nerve efferents to the 

salivary glands would mediate dark induced responses. 

Postsynaptica2-adrenoceptors with extrasynaptic localization 

might act preferentially in the control of adrenergic responses 

induced by light and other environmental stimuli which 

stimulate the adrenal medulla to release catecholamines into 

the bloodstream. (Biomed Rev 1998; 9: 61-68) 

INTRODUCTION 

• Saliva participates in most biologic events occurring 

in the oral cavity and contributes to the maintenance of sys 

temic health (42). During feeding, a "stimulated saliva" facili 

tates chewing, swallowing and taste perception. In the inter 

val between meals, "resting saliva" provides substances which 

contribute to the maintenance and repair of soft tissue and to 

keep the balance of the oral microbial flora. In the rat and other 

mammals, saliva has a role in the grooming and social behavior. 

During the fasting period, mouth dryness and other less well 

known stimuli control basal secretion. Chewing, food smell 

and taste are the main stimuli for secretion. In humans, the 

resting saliva secretion can also be influenced by environmen 

tal stimuli related to alternation of light and darkness (1) or by 

noxious stimuli of psychological origin (2). 

This article will review some experiments in rats which suggest a 

relation between the cervical or adrenal-sympathetic axis and 

salivary secretory response to environmental stimuli. Rat pa- 



  

  

rotid glands and submandibular glands (SMG) are useful models 

for studying sympathetic control of saliva secretion, because 

both are rich in sympathetic innervation (3,4) and have a high 

density of adrenergic receptors (5). 

SYMPATHETIC CONTROL OF SALIVARY 

SECRETION 

• The cervical sympathetic trunk 

Saliva secretion occurs in response to the salivary reflex (6,7). 
Secretory stimuli generate afferent nervous impulses to higher 
salivary centers which produce efferent impulses to the 
salivary glands via the motor branches of the autonomic 
nervous system. Cellular bodies of sympathetic motor fibers 
innervating the salivary glands are located in the superior cervical 
ganglia. These ganglia also supply innervation to the pineal 
gland and other extra- and intracranial structures (8). A 
multisynaptic pathway including intermediate-lateral horn cells 
of the spinal cord thoracic segment I-IV of the spinal cord, 
connect the superior cervical ganglion with hypothalamic 
areas related to autonomous and neuroendocrine regulation, 
temperature control and other important functions. In 
addition, these zones receive a number of projections from 
other areas of the brain, among others, the suprachiasmatic nuclei 
(9) which control cir-cadian rhythms in mammals (reviewed in 
10,11). 

• Adrenoceptors and salivary glands 

Synaptic transmission mechanisms of salivary glands effectors 
are similar to those in other organs. The neurotransmitter 
norepinephrine released in the peripheral sympathetic nerves 
activates specific postsynaptic adrenergic receptors located in 
the plasma membrane of the effector cells. These receptors can 
also be stimulated by circulating catecholamines. The transmitter-
receptor interaction triggers a cascade of molecular events 
specific to each type of adrenergic receptor involved. In 
salivary glands, the norepinephrine signal is transduced to a 
final adrenergic responses related to the salivary secretion, i.e. 
synthesis, storage, transport and exocytosis of exportable 
proteins by the acinar cell. 

Adrenergic receptors have been classified into two major 

classes, a- and p-adrenoceptors. The development of 

synthetic compounds with activity on adrenergic receptors 

has allowed further differentiation. The response to agonists, 

epi-nephrine, norepinephrine, and isoproterenol, and to 

antagonists, alprenolol and propranolol, has led to the 

identification of two subtypes, cd- and oc2-adrenoceptors (12). 

In rat salivary glands, a predominance of postsynaptic cd-

adrenoceptors is observed (5,13-16). The p-adrenergic agonist 

isoproterenol stimulates secretion of protein-rich saliva (17-20). 

Presynaptic a-adrenoceptors have been identified in tissues 

other than 

salivary glands. These adrenoceptors belong to the a2 subtype 
and their role is to facilitate the stimulus-evoked release of 
norepinephrine by the noradrenergic nerve endings (21,22). 
Although a2-adrenergic autoreceptors have not yet been 
identified in salivary glands, they may possibly contribute to 
the adrenergic response in these glands. Long exposure of 
postsynaptic adrenergic receptors to high levels of endogenous 
or exogenous agonists frequently reduce the responsiveness of 
these receptors (desensitization) (23). In vitro and in vivo 

experiments showed that the desensitization phenomenon is 
expressed as a reduction in the magnitude of the stimulated 
responses. In contrast, the a-adrenoceptors increases the 
sensitivity of these receptors in chemical or surgical 
denervation (23-25).These changes in receptors sensitivity 
appear to be a compensatory response to changes in synaptic 
transmitter levels, a 1-adrenoceptors show high relative affinity 
for the antagonist prazosin and low affinity for yohimbine and 
the agonist clonidine. In contrast, oc2-adrenoceptors show high 
affinity for clonidine and yohimbine (26-28). Postsynaptic 
cd-adrenoceptors were also identified in salivary glands (5,29). 
By using specific agonists, it was possible to associate the 
activation of these receptors to secretion of low-protein saliva 
(17) and YJ release by acinar cells (30). 

In the peripheral sympathetic nervous system, the cc2-
adrenoceptor have a preferential presynaptic location. 
Stimulation of these autoreceptors by catecholamines inhibits 
the impulse-dependent release of the transmitter (31,32). 
Evidence for a presynaptic location of a2-adrenoceptors 
which inhibit norepinephrine release in the rat SMG has been 
reported (33,34). The presence of presynaptic a2-receptor 
(inhibitory) and p2-receptors (facilitating) in the same nerve 
terminal represent a fine-tuning mechanism for the stimulus-
evoked norepinephrine release (33). It was shown that 
presynaptic a2-adreno-ceptors localized in the parasympathetic 
nerve terminal participate in the clonidine-induce inhibition of 
saliva secretion elicited by reflex stimulation of the cat SMG (35). 
The physiological role of these receptors has not been defined 
yet. 

Postsynaptic cc2-adrenoceptors in rat salivary gland have also 

been demonstrated (36,37). Indeed, ligation of the SMG secretory 

duct in rats, a procedure that atrophies acinar cells without 

affecting the presynaptic portion of the innervation (33), 

produces a significant reduction in 
3
H-clonidine binding. The 

physiological role of these receptors is not known. 

Intravenous injection of clonidine partially inhibits saliva 

secretion induce by norepinephrine (38) or a 1 - and oc2-

agonists (39) in rat SMG. In this gland, clonidine does not 

inhibit the secretory response to cholinergic agonists in rat 

(39), cat (35), or dog (40). In the salivary glands, postsynaptic 

oc2-receptors could have a modulating role in the secretory 

response mediated by postsynaptic cd-and a2-adrenoceptors. 
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HOMEOSTASIS 

• The circadian system        

Like most other physiological process, saliva secretion is not 

constant, but varies widely in volume and composition in 

response to changing requirements of the organism (41). W. B. 

Cannon coined the term homeostasis for the mechanisms that 

keep the parameters of the internal environment within normal 

limits (42). A number of physiological and behavioral 

parameters vary with regular patterns along a 24 hr period 

synchronized with the daily light-dark cycle (circadian 

rhythms). In mammals, the circadian system comprises three 

main components, (i) a pacemaker located in the 

suprachiasmatic nuclei (SCN) of the anterior hypothalamus, 

which is responsible for the production and synchronization of 

circadian rhythms, (ii) the retinohypothalamic tract, which 

conveys the light stimuli 

required for SCN synchronization, and (Hi) efferents pathways 

which couple the SCN with the effectors system. These 

include SCN projection to adjacent hypothalamic areas: sub-

paraventricularzone, retrochiasmatic area and inter-geniculate 

leaflet. Each of these, in turn, projects to a series of areas 

related to the regulation of autonomous and neuroendocrine 

functions (9-11). The peripheral autonomic nervous system, 

specially the sympathetic branch, has a very important role in the 

propagation of the circadian signal. Light stimuli modify the 

nervous activity of sympathetic efferents to many organs and 

tissues. There is a net diurnal variation in the norepineph-rine 

content in salivary* and pineal glands, with higher levels during 

the dark phase (43). This rhythm is the result of an in- . hibitory 

effect of light on the activity of sympathetic efferents to territories 

supplied by fibers from superior cervical ganglia (44). In organs 

innervated by the splanchnic nerve (adrenal medulla, 

pancreas, liver, spleen and kidney), light produces 
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Figure 1. Effects of environmental light on the neural activities of sympathetic efferents to salivary and adrenal glands. The 

retino-hypothalamic tract transmit light stimuli from retina (R) to the suprachiasmatic nuclei (SCN). The SCN projects to 

hypothalamic areas subparaventricular zone (SP VZ) and retrochiasmatic area (RCA) which, in turn, project to areas related 

to the autonomous regulations. The sympathetic nervous system controls the saliva secretion and the adrenal release of 

catecholamines to the blood. The light stimuli inhibit the neural activity of sympathetic efferents to salivaiy glands and 

stimulate those to adrenal medulla. The circulating catecholamines modulate the stimulus-evoked release ofneurotransmit-ter 

by sympathetic nerve endings (presynaptic receptors) and enhancing the action ofneurofransmitter on the effector cell 

postsynaptic receptor. Opposite changes can be waiting in absence of light stimuli. 

 

 



  

  

opposite effects to those observed in the pineal and salivary 

glands (45,46). The stimulating effect of light on sympathetic 

efferents to the adrenal medulla is reflected by an increase in 

the synthesis and release of catecholamines to the blood during 

the light phase (47). As mentioned above, circulating 

catecholamines modulate the stimulus-evoked release of 

neu-rotransmitters by sympathetic nerve endings acting on 

auto-receptors (32) and enhancing the action of the 

neurotransmit-ter on the postsynaptic adrenoceptors (Fig. 1). 

• Circadian rhythms in rat salivary glands 

One approach to investigate the light-sympathetic nervous 

system relationship in peripheral tissues or organs, is to study 

the circadian rhythms of physiological parameters under 

sympathetic control. This type of approach has been fruitful 

in pineal gland where enzyme activities and concentrations of 

metabolites from indoleamine metabolism are regulated by the 

sympathetic nerve efferents to the gland. Higher neural activities 

during the daily dark phase result in increased nocturnal levels 

of the pineal hormone, melatonin, in the gland (48,49) and 

blood (50). 

Circadian rhythms of a-amylase and other secretory proteins 

have been described in the parotid gland of adult rats (5 1,52). 

These rhythms are closely related to nocturnal feeding habits 

and are suppressed by a liquid diet or a 24 hour fast (51). 

Protein synthesis and secretion are under sympathetic 

control (18,20); however a con-elation between these circadian 

rhythms and the neural activity of sympathetic efferents to the 

salivary glands, is not clear. Circadian rhythms in total soluble 

proteins and a-amylase have also been described in the parotid 

gland of young rats (aged 15 and 25 days) (53,54). A clear 

temporal relationship between these rhythms and the activity of 

sympathetic nerves may be suggested, because 15-days old rats 

feed only on a liquid diet, while 25-days old animals eat solid food 

in approximately equal amounts throughout the 24 hours (54,55). 

Moreover, the a-amylase circadian rhythm of 25-days old rats is 

not affected when the animals are submitted to a 24 h fasting 

period, but it is suppressed by treatment with drugs which 

blocks norepinephrine synthesis, e.g. oc-methyl-p-tyrosine, or its 

storage, e.g. reserpine (54). In suckling rats aged 15-days, the 

amylase activity increases during the daily light phase and 

decreases during the dark phase. These variations are still evident 

in 25-days old and adult rats. There is a temporal inverse 

correlation between the a-amylase circadian rhythm and the 

neural activity of sympathetic efferents to the salivary glands. It 

was assumed that there may also be other factors which 

control the glandular secretory proteins content in addition to 

the diurnal changes in neural activity of sympathetic efferents to 

the glands (54,55). From a functional point view, the increment 

of amylase and total soluble proteins content in the rat 

salivary glands during the daily light phase may reflect a ho- 

meostatic mechanism responding to the increased requirements 

of saliva during the night period. In 1988, Moore-Ede (56) 

proposed the term predictive homeostasis to designate the 

capacity of the circadian system to predict an environmental 

variable and its physiological response. 

CHROMIC EXPOSURE OF RATS TO CONSTANT 

LIGHT 

• Effect on ultrastructure of parotid gland 

Another approach to the study of the relationship between 

light and the sympathetic system in salivary glands, is the 

analysis of the ultrastructure of parotid gland from rats 

exposed to relatively long periods of constant light. It was 

assumed that chronic exposure to constant light would increase 

the adrenergic changes usually produced by the light stimuli. In 

comparison to parotid gland from rats under a normal photo-

period, a 50% reduction in acinar cells rich in secretion granules 

was seen in glands from rats after 50 days of continuous light 

exposure (57). An increase in adrenergic responses was 

assumed, because in the rat parotid glands there is a clear 

correlation between cellular degranulation and sympathetic 

nerve activity (58). Moreover, a striking development of the 

rough endoplasmic reticulum and Golgi complex, and 

depletion of secretory granules were observed in parotid 

glands from animals exposed to constant light (58). All these 

features, common to cells with increased secretory activity, 

suggest an activating effect of light upon adrenergic responses 

of rat parotid glands. An effect of humoral factors (probably 

circulating catecholamines) on the light-induced responses was 

suggested because light stimuli inhibit the neural activity of 

sympathetic efferents to the salivary glands (43,44) (Fig. 1). 

This assumption was supported by the observation showing a 

stimulating effect of light on the neural activities of 

sympathetic efferent to the adrenal glands, which control the 

release of catecholamines to circulation (45,46). Illumination 

(2000 Ix for 10 min) of the left eye of an anethesized rat, 

increased neural activities of sympathetic efferents to the adrenal 

gland, regardless of the stimulus applied during the daily period 

of light or darkness. Minimum stimulation was 20 Ix for 1 min, or 

200 Ix for 0.1 min. (59). 

• Effect on postsynaptic |3-adrenoceptors 

Beside an increase in adrenergic responses, chronic exposure 

to constant light would promote compensatory mechanisms to 

reduce the effects of light stimuli. In vivo studies of the 

secretory response of SMG from rats chronically exposed to 

constant light, showed desensitization of (3-adrenergic 

receptors. After 5, 10, 20 or 50 days exposure to constant light, 

there was an increment of the isoproterenol threshold dose and a 

shift to the right of the agonist dose-response curves 

compared to 
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those for control animals under the normal photoperiod (60). 

Light inhibits neural activities of sympathetic efferents to salivary 

glands (43,44) and stimulates those to adrenal gland 

(45,46,59). Then, the light-induced desensitization can be 

explained by over exposure of postsynaptic (J-adrenoceptors to 

circulating catecholamines. However, an increase ofnorepi-

nephrine release by sympathetic nerve endings in salivary 

glands induced by circulating catecholamines (autoreceptors 

mediated) (32), would not be excluded. Binding studies have 

shown that p-adrenoceptor desensitization is frequently 

accompanied by affinity and/or density changes of receptors. 

Experiments in progress in our laboratory suggest that there is a 

decrease in the affinity of (3-adrenoceptors in the SMG from rats 

exposed to constant light (unpublished observation). Conclusions 

drawn from the study of secretory responses in SMG and the 

analysis of parotid fine structure in rats exposed to constant 

light, agree with the finding of amylase circadian rhythm in 

parotid gland. All observations suggest that light stimuli 

increase adrenergic responses in rat salivary glands, and that 

this effect could be mediated by humoral factors, probably 

circulating catecholamines (Fig.l). What adrenergic 

changes occur in the absence of light stimuli? During the daily 

dark phase there is an increase in the neural activity of 

sympathetic efferents to the salivary glands (43,44). Then, 

chronic exposure of rats to constant darkness could promote an 

increment of adrenergic responses and compensatory 

mechanisms in the salivary glands. In rats exposed to constant 

darkness for 20 days, the dose-response curve to isoproterenol 

shows (3-adrenergic receptor desensitization. 

Increased adrenergic responses, both in the presence as well 

as in the absence of light stimuli, were observed in salivary 

glands after prolonged exposure to constant light or darkness. 

Rats have nocturnal habits and most of the secretory stimuli 

occur during the daily dark phase. While protein secretion into 

the saliva occurs at night, the storage of secretory proteins in 

acinar cells occurs preferentially during the day. Both phenomena 

depend on the sympathetic nervous system and homeo-static 

mechanisms are required for differential control of adrenergic 

responses during both phases of the photoperiod. The 

differential effect of light stimuli on neural activity of auto-

nomic efferents projected to the salivary or adrenal glands, 

and the effect of the circulating catecholamines on salivary 

pre- and postsynaptic adrenergic receptors are part of those 

homeostatic mechanisms (Fig. 1). 

• Effect on postsynaptic a2-adrenoceptors 

Administration of P- or cd-adrenoceptor agonists (in vivo) 

stimulates saliva secretion in the rat SMG (38,39). In contrast, 

a2-agonists like clonidine or guanfacine, even at doses as high 

as 100 (-ig/kg body weight, do not produce saliva secretion 

(38). If a dose of clonidine similar to that used to treat human 

arterial hypertension is given to a rat before stimulation with 

epinephrine, cd- or (3-agonists (38,39), there is an inhibition of 

saliva secretion. For example, the isoproterenol dose-response 

curve showed about 40% inhibition when one dose (20 u,g/kg) of 

clonidine was given 20 min before (39). These findings suggest 

that salivary glands postsynaptic cc2-adrenoceptors could have a 

modulating role in the secretory response mediated by 

adrenergic receptors. Desensitization of postsynaptic p-

adrenoceptor in rat SMG exposed to constant light or constant 

darkness indicates an increase of adrenergic responses in the 

presence or absence of light stimuli. Then, we investigated the 

role of cc2-adrenoceptors under those environmental 

conditions. In rats exposed to constant darkness, clonidine 

inhibited the secretory response evoked by isoproterenol to a 

similar extent as in control animals kept under the normal light-

dark cycle. However, rats exposed to constant light showed 

desensitization of postsynaptic cc2-adrerioceptors. In these 

groups of animals, clonidine did not inhibit the secretory 

response evoked by isoproterenol (39). We do not know why 

oc2-adre-noceptors are not affected when rats are exposed to 

constant darkness, while they undergo desensitization in 

animals exposed to constant light. Both experimental groups 

showed P-adrenergic receptors desensitization due to 

overexposure to norepinephrine released by sympathetic 

endings in the salivary gland (under constant dark) or to 

circulating catecholamines (under constant light). As cc2- and 

p-adrenoceptors share a postsynaptic localization, both 

receptors should undergo parallel sensitivity changes. However, 

while in animals exposed to constant light a2-receptors change 

simultaneously and in the same direction as those p-receptors, 

in rat exposed to constant darkness, they do not undergo the 

same changes as p-receptors. These results could be explained 

by assuming that salivary gland postsynaptic a2-

adrenoceptors have an extrasynaptic location. Extrasynaptic 

receptors would be less exposed to a neurotransmitter than 

synaptic receptors. Thus, they would be more vulnerable to 

desensitization by environmental stimuli which increase blood 

levels of catecholamines. Extrasynaptic location of postsynaptic 

cc2-adrenoceptors have been suggested in kidney (61) and the 

vascular system (62-64). The extrasynaptic localization for 

postsynaptic a2-adrenoceptors of rat salivary glands could be 

functionally significant. Under physiological conditions they 

might be activated by circulating catecholamines rather than by 

norepinephrine release by salivary adrenergic nerve terminals. 

Thus, cc2-receptors might act preferentially in the control of 

adrenergic responses induced by light, which stimulate the 

adrenal medulla and increase the levels of circulating 

catecholamines (Fig. 1). They are also part of a homeostatic 

mechanism required for differential control of adrenergic 

responses during both phases of photoperiod. a-adrenoceptor 

could play an important role in the control of adrenergic 

responses induced by noxious environmental stimuli (stressors) 

which also act through circulating catecholamines (65). 
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CONCLUSION 

• Analysis of amylase content, gland fine structure and 

secretory responses of salivary glands of rats exposed to vari 

ous environmental conditions (photoperiod, light, darkness) 

suggest that both presence and absence of light stimuli can 

induce adrenergic responses. Homeostatic mechanisms would 

be required for differential control of adrenergic responses 

during both photoperiod phases. Circulating catecholamines 

would control light-induced responses, while sympathetic 

efferents to the salivary glands would mediate dark-induced 

responses. Postsynaptic a2-adrenoceptors with extrasynaptic 

localization might act preferentially in the control of adrenergic 

response induce by light and other environmental stimuli that 

stimulate the adrenal medulla to release catecholamines to the 

bloodstream. . 
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