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Mucin release by submandibular gland is increased in rats with ligature induced-

periodontitis and the increment is associated with activation of sympathetic nervous 

system. Besides, isoproterenol EC50 and maximal effect are altered in rats with ligature. 

Here we studied the relation between the inflammatory mediators with mucin release by 

submandibular gland in a rat model of experimental periodontitis. Hydrocortisone, sc, 

abolished the basal increment of mucin. NO and PGE2 were not increased in 

submandibular glands and neither, the inhibition of NO synthesis nor the inhibition of 

PGE2 synthesis, could modify the changes induced by periodontitis.  Cysteinyl-

leukotrienes were significantly increased and the increment was abolished by 5 x 10-6 M 

NDGA. In presence of NDGA, basal mucin secretion and isoproterenol concentration 

response curve, in rats with ligature, were similar to controls. The cysteinyl-leukotriene 

receptor antagonist, FPL 55712, inhibited the increment of non-stimulated mucin in rats 

with ligature.  This results point to cysteinyl-leukotrienes as the mediators involved in 

the increase mucin secretion observed in rats with experimental periodontitis. We can 

conclude that the cytokines liberated during the periodontal disease induced the 

synthesis and liberation of leukotrienes in the submandibular gland which in turn induce 

mucin release through the activation of the sympathetic fibers. 

 
 
 
 
 
 
 
 
 
 
 
 
Introduction 

  Periodontitis is a destructive inflammatory disease of the supporting tissues of 

the teeth. This disease is primarily related to chronic plaque accumulation. Putative 

periodontopathic bacteria such as Porphyromonas gingivalis, Prevotella intermedia or 

Actinobacillus actinomycemcomitans are suspected to play a role in the periodontal 

disease process. These bacteria produce a large number of proteolytic enzymes, the 

majority being cysteine proteinases, which degrade plasma proteins, inmmunoglobulins, 

collagen, and fibronectin (1). Furthermore, these pathogenic bacteria provoke an 
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immune response that results in the release of cytokines which trigger PMNs, 

macrophages and fibroblasts which in turn release a range of inflammatory mediators, 

including arachidonic acid metabolites such as prostaglandins and leukotrienes (2), and 

nitric oxide (3). 

 Patients with periodontal disease have differences in the protein composition of 

whole saliva. It was reported that the total protein concentration was higher in whole 

saliva from periodontitis subjects (4). Whole saliva is a mixture of gingival fluid and the 

secretions of the major and minor salivary glands. The composition of saliva reflects the 

nature and amplitude of the host response to a periodontal microbial challenge (5). In 

general, the major factors affecting the protein concentration and composition of whole 

saliva are the salivary flow rate, the protein concentration of the contributing glandular 

saliva and the contribution of crevicular fluid protein. The enhanced protein 

concentration in periodontitis subjects cannot be attributed to a changed flow rate since 

any statistically significant difference in mean saliva flow rates was found (6, 7). Thus, 

the elevated protein levels are most likely due to enhanced synthesis and secretion by 

the individual glandular saliva. Cystatin C as well as amylase is present in almost two-

fold higher concentrations in parotid saliva of periodontitis patients (8). Salivary 

secretory immunoglobulin A (IgA) is considered as an important first line of defense 

mechanism in the oral cavity. In healthy subjects with regular hygiene the development 

of plaque-induced gingivitis is associated with increased salivary gland output and 

increased total IgA output levels in stimulated parotid saliva (9). In addition, it was 

reported higher concentrations of epidermal growth factor in glandular saliva from 

juvenile periodontitis subjects (10). The mechanism underlying glandular output has not 

been established experimentally. However, a large number of animal studies have 

provided evidence that expression of specific salivary proteins in rodents is influenced 

by various external stimuli. Rats treated with β1-adrenergic agonists, e.g. isoproterenol, 

produced dramatically more of submandibular rat cystatin S and, at the same time, less 

kalllicrein (11). Comparable effects on glandular production of cystatin S were found in 

rats as a consequence of irritating actions such as incisor amputations (12). Recently, we 

have studied mucin release by submandibular gland in a model of periodontal disease in 

rats. We found significantly increased mucin secretion in rats with periodontal disease 

and this increment was abolished in the presence of β1-adrenergic antagonists. 

Furthermore, it was observed a desensitation to isoproterenol-stimulated mucin release 
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and a decrease in isoproterenol maximal effect. These results strongly suggested the 

activation of the sympathetic nervous system in response to the inflammatory disease 

(13).  

 The sympathetic nervous system plays a central role in establishing 

communication between the central nervous system and the immune system during 

inflammation. Inflammatory states induce the simultaneous expression of inflammatory 

mediators and the activation of the sympathetic nervous system. Increasing evidence 

suggests a reciprocal interaction between these two responses. Catecholamines released 

from the sympathetic nervous system can alter the production of pro-and anti-

inflammatory mediators, and accordingly influence disease activity or clinical 

symptoms in a variety of pathophysiological states (14). Catecholamine release 

generally occurs in response to stressful conditions caused by cognitive stimuli or non-

cognitive stimuli, such as the immune/inflammatory response itself (15).           

 The good evidence that the increase of mucin release by submandibular glands 

from rats with experimental periodontitis was due to an activation of sympathetic 

nervous system (13), and the association of this system with the immune/inflammatory 

response, let us to conduct this study to evaluate the association between inflammatory 

mediators and mucin release in rats with a model of periodontal disease. We also 

attempted to throw light on the signaling pathway involved in the activation of 

sympathetic nervous system.       

 

 

 

 

 
Materials and Methods 
 
Animals 
 
Male Wistar rats weighing 250–300 g were lightly anaesthetized with a mixture of 

Ketamine and Xilazine (50 and 5 mg/ k respectively). A black thread was placed around 

the cervix of the two lower first molars and knotted mesially (13). Experiments were 

carried out 22 days after the rats were subjected to ligature-induced periodontitis. 
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Animals had free access to food and water until the night before experiments when 

food, but not water was withdrawn. Animal care was provided according to “The Guide 

to the Care and Use of Experimental Animals” (DHEW Publication, NIH 80-23). 

Measurement of mucin release 

Extirpated submandibular glands were detached from free connective tissue and sliced 

into pieces approximately 2–3 mm thick and 15 mg wet weight with a razor blade. 

Gland slices were incubated for 30 min in 500 µl of Krebs Ringer bicarbonate medium 

(KRB), pH 7.4 bubbled with 5% CO2 in O2 at 37° C. When used, inhibitors 

(propranolol, atenolol and FPL 55712 from Sigma Chemical Co., St Louis, MO, USA), 

were included from the beginning of the incubation and isoproterenol (Sigma Chemical 

Co., St Louis, MO, USA) was added in the last 15 min of the incubation time. Placing 

the tubes on ice then stopped the reaction. Glands were homogenized in 50 mM sodium 

acetate buffer, 25 mM Cl2Mg, pH 5.8, supplemented with protease inhibitors (0.1 mM 

phenylmethyl-sulfonyl fluoride, 1 mM sodium ethylenediaminetetra-acetate and 1 mM 

iodoaceamide) at 4° C and centrifuged at 900 × g for 15 min. Mucin was determined in 

the supernatants (residual mucin content in the gland) and in the incubation medium 

(mucin released) using the Alcian Blue method described by Hall et al. (16) and 

modified by Sarosiek et al. (17). Briefly, aliquots of diluted supernatants (1:100) or 

medium (1:10) were incubated for 30 min in a 1 % solution of Alcian Blue in 50 mM 

sodium acetate buffer 25 mM Cl2Mg, pH 5.8 under constant agitation at room 

temperature. Following incubation, the samples were centrifuged for 20 min at 3000 

rpm pellets washed in 95% ethanol, vortexed gently for 10 s and after 5 min, 

centrifuged for 20 min at 3000 rpm. Mucin–dye complexes were dissociated by the 

addition of a 1:2 dilution of Aerosol OT (Sigma Chemical Co., St Louis, MO, USA) in 

distilled water, brief mixing and sonication. Subsequently, samples were extracted with 
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equal volumes of ethyl ether under vigorous shaking. The resulting solution was 

centrifuged for 15 min at 3000 rpm and the dye concentration determined 

spectrophotometrically at 605 nm in the aqueous layer. Mucin released is expressed as 

percentage released from total (residual + release) mucin content in the gland (% of 

total) (18). 

In vivo experiments 

Rats received vehicle (polyethylene glycol) or hydrocortisone 1 mg/ k (Sigma Chemical 

Co., St Louis, MO, USA), subcutaneously (sc), daily treatment for 3 days before the 

experiments, and the measurement of mucin release was performed as stated above. 

Nitric Oxide synthase activity 

Nitric oxide synthase (NOS) activity was measured in submandibular glands using L-

[U-14C]arginine as substrate as described earlier (19). Briefly, 50-60 mg of 

submandibular slices were incubated with 0.4 µCi L-[U-14C] arginine (Amersham 

Pharmacia Biotech, Buckinghamshire, England, about 300 mCi/ mmol) in 500 µl of 

KRB solution pH 7.4 gassed with 5 % CO2 in O2 for 30 min at 37º C. After incubation 

the tissue was homogenized, centrifuged at 10,000 g for 10 min and [14C]citrulline in 

the supernatants was separated by ion exchange chromatography on AG 50 W resin 

(Biorad). When used the NOS inhibitor NG-Monomethyl-arginine (L-NMMA) (Sigma 

Chemical Co., St Louis, MO, USA), was included from the beginning of the incubation 

time. Nitric oxide production (measured as pmol of [14C]citrulline) was expressed as 

picomol of [14C]citrulline/ g of tissue wet weight (pmol/g wet wt). 

 

Determination of prostaglandin production 

Submandibular slices (55 mg) were incubated in 160 µl of KRB solution, pH 7.4, 

gassed with 5 % CO2   in O2 for 30 min at 37º C. When used, the cyclooxygenase (COX) 

inhibitors indomethacin (Sigma Chemical Co., St Louis, MO, USA) and 5-Bromo-2(-4 

fluorophenyl)-3 [4-(methylsulfonyl) phenyl] thiphene (DuP 697) (Tocris Cookson Inc. 

Ellisville MO, USA) were included from the beginning of the incubation time. After 

homogenization all procedures employed were those indicated in the protocol of 
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Prostaglandin E2 Biotrak Enzyme Immuno Assay (ELISA) System (Amersham 

Biosciences, Piscataway, NJ, USA). The results are expressed as picogram of PGE2/ 

milligram of tissue wet weight (pg/ mg wet wt).  

Measurement of leukotriene concentration  

Submandibular glands were incubated in 400 µl of KRB solution, pH 7.4, gassed with 5 

% CO2 in O2 for 30 min at 37º C. When used, nordihydroguaiaretic acid (NDGA) 

(Sigma Chemical Co., St Louis, MO, USA) was included from the beginning of the 

incubation time. After homogenization all procedures employed were those indicated in 

the protocol of Enzyme Immuno Assay kits Cayman Chemicals (Ann Arbor MI).The 

results are expressed as picogram of cysteinyl leukotrienes/ milligram of tissue wet 

weight (pg/ mg wet weight)  

Statistical analysis 

Statistical significance of differences was determined by the Newman-Keuls test after 

analysis of variance. Differences between means were considered significant at P< 0.05. 

Fitting dose–response curves were done using GraphPad Prism version 4.00 for 

Windows (GraphPad Software, San Diego CA, USA). 

 

 

 

 

 

 
 
 
 
 
 
 
Results  
 

 First we investigated the relation between inflammatory mediators and mucin 

release by studying the effect of hydrocortisone administration on mucin secretion by 

submandibular glands from rats with periodontal disease. Accordingly with our 

previous results (13) we observed an increment of basal mucin secretion in rats with 

ligature. The administration of 1 mg/ k of hydrocortisone sc during 3 days prevented the 

increase of mucin release by submandibular glands from rats with periodontal disease, 
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reaching values similar to controls (Figure 1, A). This result was compared with those 

obtained with the β-adrenoceptors antagonists, propranolol and atenolol, both in 

concentrations of 5 x 10-7 M. As observed previously (13), the increment of basal mucin 

secretion in submandibular glands of rats with ligature was inhibited by propranolol and 

atenolol (Figure 1, A).  

Figure 2 A shows the total NOS activity in submandibular glands from control 

and with experimental periodontitis rats.  As can be seen the values of NOS activity did 

not change in rats with periodontitis and the non-selective NOS inhibitor L-NMMA,     

5 x 10-6 M significantly inhibited NOS production in both groups. This result indicates 

that in non-stimulating conditions total NOS activity is not modified by periodontitis.   

Figure 2 B shows the isoproterenol concentration-response curve on mucin secretion. 

As observed previously (13), in rats with periodontitis there was an increase of 

isoproterenol EC50 values (7.74 x 10-9 M and 8.97 x 10-8 M for control and with ligature 

rats respectively) with a decrease of isoproterenol maximal effect (14.23 ± 0.46 and 

11.8 ± 0.47 for control and with ligature rats respectively). In order to see whether NOS 

participated in basal and isoproterenol-stimulated mucin secretion by submandibular 

glands from control and with experimental periodontitis rats, we carried out the 

concentration-response assays in the absence and the presence of 5 x 10-6 M L-NMMA. 

Figure 2 B shows that the inhibition of  NOS activity by L-NMMA did not modify 

neither basal nor isoproterenol-induced mucin secretion in both groups.                                                                                                                                                                                              

 To investigate whether other pro-inflammatory mediator could be implicated in 

the mucin release alteration by submandibular glands from rats with experimental 

periodontitis, we evaluated PGE2 production in submandibular glands from control and 

with experimental periodontitis rats. Since PGE2 synthesis in inflammation is achieved 

through the inducible COX-2 activity, we evaluated its production in the absence and 

the presence of the non-selective COX inhibitor indomethacin (5 x 10-6 M ) and the 

selective COX-2 (inducible) inhibitor, DuP 697 (10-8 M). Figure 3 A shows that PGE2 

production was similar in both groups, control and with ligature, and that only the non-

selective COX inhibitor, indomethacin, had inhibitory effect, indicating the absence of 

COX-2 activity.  With the aim to evaluate the participation of PGE2 in basal and 

isoproterenol-induced mucin secretion in submandibular glands from rats with 

experimental periodontitis and control, we carried out the concentration-response assays 

in the absence and the presence of 5 x 10-6 M indomethacin. Figure 3 B shows that the 
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differential basal and isoproterenol-induced mucin secretion in control and in rats with 

ligature was not alter in the presence of the COX inhibitor, indomethacin,.   

 Leukotrienes are potent lipid-derived inflammatory mediators derived from 

lipoxygenation of arachidonic acid. Further metabolism leads to the formation of either 

lekotriene B4 (LTB4) or cisteinyl-leukotrienes. These lipoxygenase products had been 

detected in crevicular fluid from subjects with periodontal disease (20). Thus, we 

evaluated its concentration in submandibular glands from rats with ligature and control.  

Figure 4 A shows the concentration of cisteinyl-leukotrienes in the absence and 

presence of the lipoxygenase inhibitor NDGA at concentrations of 5 x 10-6 M, in 

submandibular glands from rats with ligature and control. As can be seen, in 

submandibular glands from rats with ligature cisteynil leukotrienes were significantly 

increased and the increment was abolished in the presence of NDGA. In order to asses 

whether lipoxygenase products were involved in basal and isoproterenol-induced mucin 

secretion in rats with ligature and control, we carried out the concentration-response 

assays in the absence and the presence of 5 x 10-6 M of NDGA. Figure 4 B shows that, 

in the presence of NDGA, basal and isoproterenol-induced mucin secretion by 

submandibular glands from rats with experimental periodontitis were similar to control. 

These results clearly suggest that lipoxygenase products are responsible of the increased 

basal mucin secretion and the altered isoproterenol effect observed in submandibular 

glands from rats with experimental periodontitis. On the other hand, NDGA did not 

modify neither basal nor isoproterenol concentration-response curve of control rats 

(Figure 4 B). 

 In order to evaluate whether cysteinyl-leukotrines were acting through their own 

receptor we studied the effect of the cysteinyl leukotriene receptor antagonist, FPL 

55712, on basal mucin release by submandibular glands from rats with periodontitis and 

controls. Table 1 show that in the presence of FPL 55712 basal mucin release from rats 

with periodontititis was similar to that of controls. 

 Experimental periodontitis induced a significant increase in submandibular 

gland weight and a depletion of residual mucin concentration in non-stimulated glands 

(Table 2). The submandibular glands weight increased 15 % in rats with ligature and the 

depletion of mucin was of 25 %. In the presence of 5 x 10-6 NDGA, mucin 

concentration of glands from periodontitis rats increased, reaching values similar to 

controls (Table 2). On the other hand, NDGA did not modify the increase gland weight 
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in rats with ligature. This fact could explain why the maximal effect of isoproterenol in 

submandibular glands from rats with ligature, in the presence of NDGA, was similar to 

that of controls (Figure 4 B). 

 .  

  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Discussion 
 
 Periodontal disease triggers an immune/ inflammatory response that results in 

the release of cytokines which triggers PMNs, macrophages and fibroblasts which in 

turn release inflammatory mediators (21). This disease is accompanied by changes in 

the protein composition of saliva. Enhanced levels of cystatins, IgA and epidermal 

growth factor have been described (8). Our previous results showed an increase of 

mucin release from submandibular gland in a rat model of periodontal disease associate 

with a sympathetic hyperactivity (13). In this paper we studied the association of 



 11 

immune/ inflammatory mediators with the changes observed in mucin release by 

submandibular glands from rats with experimental periodontitis.   

 Our finding show that the administration of hydrocortisone during 3 days 

prevented the increase of non-stimulated mucin release in rats with periodontitis as also 

did the β-adrenergic blockers. These results strongly support the view that the increment 

of mucin release in submandibular glands from rats with experimental periodontitis is 

associated with a neuroimmune/ inflammatory response. 

 It is well known that hydrocortisone inhibits cytokines release from 

inflammatory cells (22) such as tumor necrosis factor alpha (TNF-α), interleukin -1β 

(IL-1β) and interferon-γ (IFN-γ) and that these cytokines can generate large amount of 

nitric oxide (NO) following bacterial infection  (23). On the other hand, hydrocortisone 

inhibits phospholipase A2, resulting in an inhibition of prostaglandins and leukotrienes 

production (24).  

 Enhanced production of NO has been demonstrated in periodontal disease (25) 

and gingival tissues from patients with chronic periodontitis have higher levels of iNOS 

protein and mRNA than healthy tissue (26). On the other hand, NO is involved in blood 

flow and nerve-evoked protein output in submandibular glands (27). Thus, we decided 

to investigate NO production and its association with mucin release in submandibular 

glands from rats with ligature and control. Our results showed that submandibular 

glands from rats with periodontitis and control generated the same amount of NO that 

was inhibited by the non selective NOS inhibitor L-NMMA. This result indicates that, 

although NO is an inflammatory mediator in salivary gland disease (28) 22 days of 

ligature do not induce changes in NO production in subamndibular gland. As expected, 

basal mucin release and isoproterenol concentration-response curves were not modified 

in the presence of the NOS inhibitor L-NMMA indicating that NO was not the 

periodontal inflammatory mediator involved in the increase mucin secretion observed in 

submandibular glands from rats with ligature. This result confirms our previous report 

(13) 

 Because NO was not found as the mediator involved in mucin secretion in 

submandibular gland from rats with periodontal disease, we investigated the 

participation of PGE2, which is other inflammatory mediator present in crevicular fluid 

from patients with periodontal disease (29) and its production is inhibited by 

hydrocortisone (24). PGE2 modulates the secretory activity of rat salivary glands (30) 
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and also, PGE2 content, catalyzed by the inducible isoform COX-2 (31), is increased in 

salivary glands inflammatory diseases (32). Thus, we studied PGE2 production by 

submandibular gland from rats with periodontal disease in the presence of indomethacin 

as COX-inhibitor and the selective COX-2 inhibitor DuP 697. We ruled out the 

participation of PGE2 as the inflammatory mediator involved in mucin release in rats 

with periodontitis because PGE2 concentration was similar in submandibular gland from 

control and with ligature rats and COX-2 did not seem to participate in PGE2 production 

in both groups. Moreover, while indomethacin decreased PGE2 release, the COX-

inhibitor did not modify neither basal nor isoproterenol-induced mucin secretion. This 

result agrees with the in vivo effect of indomethacin (13)  

 Leukotrienes are potent lipid-derived inflammatory mediators derived from 

lipoxygenation of arachidonic acid.  Leukotriene B4 (LTB4) and cysteinyl-leukotrienes 

has been detected in gingival crevicular fluid from periodontitis patients (20). In the 

human airway epithelium, leukotriene receptor system is one of the mechanisms related 

to MUC2/5AC gene expression and mucin secretion (33). In rat salivary glands 

leukotriene C4 and D4 modulate methacholine and substance P-induced salivary 

secretion (34). Leukotriene production is also inhibited by hydrocortisone (24). Thus, 

we investigated its concentration and its participation on mucin release in 

submandibular gland from rats with periodontitis and control. The concentration of 

cysteinyl-leukotrienes was increased in submandibular gland from rats with periodontal 

disease and the increment was inhibited by a lipoxygenase inhibitor. Moreover, 

isoproterenol-induced mucin secretion in submandibular gland from rats with ligature, 

in the presence of NDGA, was similar to that of control. These results strongly point 

leukotrienes out to be the mediators of inflammation involved in sympathetic-mucin 

release during periodontal disease. There are previous studies in animal model 

supporting the role of leukotrienes in host defense against bacterial infections (35), and 

in addition, it was shown that administration of LTB4 to mice enhanced bacterial 

clearance (36). Another mechanism triggered by LTs is the release of defensins (37) a 

group of small antimicrobial peptides of the innate immune system. In human, β-

defensins are expressed in the oral mucosa, gingival tissue, tongue, salivary glands, and 

they appear in saliva (38). Here, we found that lipoxygenase products induce an 

increase of mucin secretion by submandibular gland from rats with periodontitis. Mucin 

play a major role in the oral defense mechanism by maintaining the viscoelastic 
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properties of saliva, participating in the formation of protective oral mucosal mucus coat 

and tooth enamel pellicle and promoting bacterial aggregation and clearance from the 

oral cavity (39). 

 Regarding the above observations we can hypothesize that, in our experimental 

conditions, submandibular gland from rats with 22 days of ligature were not affected by 

an inflammatory process which involved NO and PGE2, because both mediators of 

inflammation were not increased. But cysteinyl leukotrienes, which play an important 

role in defensive mechanisms, were increased. Experimental model of periodontitis in 

the rhesus monkey revealed a sequence of inflammatory mediators in the crevicular 

fluid that was related with changes in the clinical disease expression. Leukotrienes 

showed an early rise at 1 month, while PGE2 had higher values at 2 to 3 months (21). It 

is possible that cytokines, released from the periodontal inflammatory process, reach the 

submandibular gland and activate the local immune cells to produce leukotrienes, being 

this fact perhaps, the first manifestation of the involvement of submandibular gland in 

the periodontal disease. The participation of immune cells from the own gland is 

suggested by the inhibition observed with the lipoxygenase inhibitor, NDGA, when was 

included in the incubation medium. The overwhelming evidence suggests that 

leukotriene synthesis and subsequent release in experimental animals and in human are 

associated with certain pathophysiological events, such as asthma, adult respiratory 

disease syndrome, septic shock, psoriasis, inflammatory bowel disease and myocardial 

ischemia. Recent studies have explored the participation of leukotrienes in the fine 

tuning of the immune system and, evidence suggests a neuromodulatory role of 

leukotrienes and other lipoxygenase metabolites in the central nervous system (40).  

 Other finding from our experiments was that cysteinyl-leukotrienes are acting 

through their own receptor because their action was inhibited with the cysteinyl 

leukotriene receptor antagonist, FPL 55712. It is known that in human airway epithelial 

cells the leukotriene receptor system is one of the mechanisms related to mucin gene 

expression and secretion (33). But, in our study, the increase in mucin release in glands 

from periodontitis rats, triggered by leukotrienes, is achieved through sympathetic 

activation, suggesting that mucin secretion is an indirect effect. It was established that 

certain tissue may contain elements with the ability to release mediators when exposed 

to LTB4 (41). It is likely, that in the submandibular gland, the presence of lipoxygenase 

products provoke the release of sympathetic mediators. At least 30 different 
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metabotropic and four different ionotropic receptors have been found to control the 

amount of transmitter being released from a sympathetic axon terminal (42) and, a 

modulation of sympathetic neural system by leukotrienes has been described in rat aorta 

(43). Thus, we can speculate that leukotrienes induce noradrenlaine release through a 

facilitatory presynaptic effect resulting in an increase of mucin release. The interaction 

between the sympathetic nervous system and the immune system during inflammation 

has been described, and one aspect of the communication is that the release of 

transmitters from the sympathetic varicosities may be subject to modulation through 

various receptors located pre-synaptically (14). Furthermore, immune cells express 

various adrenergic receptors and immune/ inflammatory process is regulated upon 

occupation of these cell surface structures (14). Then, it is tempting to speculate that, in 

submandibular gland from rats with periodontitis, leukotrienes activate sympathetic 

neural system which in turn induces mucin release and activates immune cells to release 

leukotrienes, generating a feed-back regulatory mechanism of the immune response.  

 In Figure 5 we summarize the hypothetic events that provoke an increase in 

mucin release in submandibular gland from rats with experimental periodontitis. 
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Table 1: Basal mucin release in the absence and presence of the cysteinyl leukotriene 

receptor antagonist, FPL 55712, in submandibular gland from control and with 

experimental periodontitis rats. 

   
Group Basal mucin release 

(% of total) 
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Control 5.24 ± 0.74 

Periodontitis   8.28 ± 0.27a 

Control + FPL 4.52 ± 0.71 

Periodontitis  + FPL 4.90 ± 0.61 

 
Mucin secretion was measured in the absence and the presence of FPL 55712 10-8 M in 

submandibular gland from rats with ligature and control. a: significantly different from 

all other groups. P< 0.001.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Body weights, submandibular glands weights and mucin concentration from      

rats with experimental periodontitis and controls.  

 

Group Rat body weight g Gland weight (mg) Mucin (µg/ mg) # 
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Control  300 ± 12 200 ± 3.8 (n: 30) 33.0 ± 2.6 (n: 10) 

Periodontitis 310 ± 15 230 ± 3.6a(n: 30) 24.7 ± 1.4c (n: 10) 

Control + NDGA 305 ± 10 209 ± 4.0 (n: 8) 32.4 ± 3.0 (n: 4) 

Periodontitis + 

NDGA 

300 ± 16 228 ± 4.8 b (n: 8) 31.1 ± 2.8d (n: 4) 

 

Rat body and submandibular gland weights were checked before the experiment. 

#Submandibular glands from rats with ligature and control were incubated in the 

absence and the presence of NDGA 5 x 10-6 M and mucin content in the gland after the 

incubation period (residual mucin) was determined as stated in Methods.  

a and b:  significantly different from control group. P< 0.001 and P< 0.01 respectively.  

c: significantly different from control group. P< 0.05. d: significantly different from  

periodontitis group without NDGA. P< 0.05. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Legends of Figures 

Figure 1: Panel A: Effect of hydrocortisone, given sc 1 mg/ k during the last 3 days 

before experiments, on basal mucin secretion by submandibular gland from control and 

with experimental periodontitis rats. Bars represent the mean ± SEM of 6 experiments. 

** Significantly different from basal with periodontitis. P< 0.01. Panel B: Effect of the 

β-adrenoceptors antagonists, propranolol and atenolol, both at 5 x 10-7 M, on non-
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stimulated mucin release by submandibular glands from control and with experimental 

periodontitis rats. Bars represent the mean ± SEM of 4 experiments. * Significantly 

different from basal with periodontitis. P< 0.05. 

Figure 2: Panel A: Nitric oxide synthase activity in submandibular gland from control 

and with experimental periodontitis rats. Submandibular gland from control and with 

experimental periodontitis rats were incubated with L (U-14C)-arginine and the activity 

of NOS was determined as described in Methods. Assays were carried out in the 

absence (basal) and the presence of 5 x 10-6 M L-NMMA as indicated. Bars represent 

the mean ± SEM of 4 experiments. * Significantly different from basal, P< 0.05. Panel 

B: Effect of L-NMMA on isoproterenol-induced mucin secretion in submandibular 

gland from control and with experimental periodontitis rats. Submandibular gland from 

control and with experimental periodontitis rats were incubated with increasing 

concentrations of isoproterenol in the absence and the presence of 5 x 10-6 M L-NMMA 

and mucin secretion was determined as stated in Methods. Each point represents the 

mean ± SEM of 4 experiments. � Control group;   Periodontitis group;  � Control 

group with L-NMMA;  ∇ Periodontitis group with L-NMMA. 

Figure 3: Panel A: PGE2 production by submandibular gland from control and with 

experimental periodontitis rats. Submandibular gland from control and with 

experimental periodontitis rats were incubated in the absence (basal) and the presence of  

5 x 10-6 M indomethacin or 10-8 M DuP 697 as indicated, and PGE2 was determined as 

stated in Methods. Bars represent the mean ± SEM of 4 experiments. *** Significantly 

different from basal, P< 0.001.  Panel B: Effect of indomethacin on isoproterenol-

induced mucin secretion in submandibular glands from control and with experimental 

periodontitis rats. Submandibular gland from control and with experimental 

periodontitis rats were incubated with increasing concentrations of isoproterenol in the 

absence and the presence of 5 x 10-6 M indomethacin and mucin secretion was 

determined as stated in Methods. Each point represents the mean ± SEM of 4 

experiments. � Control group;   Periodontitis group;  � Control group with 

indomethacin; � Periodontitis group with indomethacin. 

Figure 4: Panel A: Concentration of cysteynil leukotrienes in submandibular gland from 

control and with experimental periodontitis rats. Submandibular glands from control 

and with experimental periodontitis rats were incubated in the absence (basal) and the 

presence of 5 x 10-6 M NDGA and cysteynil leukotrienes were determined as stated in 
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Methods. Bars represent the mean ± SEM of 4 experiments. *** Significantly different 

from all other groups. P< 0.001. Panel B: Effect of NDGA on isoproterenol-induced 

mucin secretion in submandibular gland from control and with experimental 

periodontitis rats. Submandibular glands from control and with experimental 

periodontitis rats were incubated with increasing concentrations of isoproterenol in the 

absence and the presence of 5 x 10-6 M NDGA and mucin secretion was determined as 

stated in Methods. Each point represents the mean ± SEM of 4 experiments.  � Control 

group;   Periodontitis group;  � Control group with NDGA; � Periodontitis group 

with NDGA  

Figure 5: Hypothetic events that provoke an increase in mucin release in submandibular 

gland from rats with experimental periodontitis. 

 


