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Abstract 
Tannic acid (TA) and TA containing beverage have been proved to inhibit Ca2+-activated Cl− chan-
nel located apical membrane of the secretory cells. However, their effect on salivary fluid secre-
tion is not well investigated. We used mouse ex vivo submandibular gland perfusion technique to 
identify the general effect of TA and related beverage samples on muscarinic agonist carbachol 
induced fluid secretion. Green tea inhibited fluid secretion by 64% from the control, where oolong 
tea was by 53%, and red wine by 43% which was linked with their TA concentration. On the other 
hand, though TA was contained at 4.7 μM in white wine sample and 33 μM in coffee extract, no ad-
verse effect was observed. In addition, coffee induced salivation in the absence of carbachol. TA 
had a negative effect on fluid secretion with a concentration dependent manner. The effects of TA 
on carbachol induced calcium increase showed identical as fluid secretion, which was initially no 
effect, and then gradually decreased over the time. These results demonstrate that TA directly in-
hibits the salivary fluid secretion and it affects not only Ca2+-activated Cl− channel but also intra-
cellular Ca2+ increasing mechanisms. 
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1. Introduction 
Saliva is one of the most important components in the oral cavity, which helps taste sensation, speech, mastica-
tion, swallowing and protects oral mucosa and teeth [1] [2]. It is originally made from the blood, the most of it 
in three major salivary glands, parotid, submandibular and sublingual glands. Salivary glands consists two 
components: one is acinar cells where isotonic fluid is made; and the other is ductal cells where absorb most of 
NaCl, and add K+ and 3HCO−  in original saliva, and final saliva become hypotonic [3]. Hypo-tonicity in final 
saliva is very important for the taste sensation because food ingredients diffuse to reach the taste bud for the di-
gestion of the food [1]. On the other hand, salivary glands are very sensitive tissues, since lots of people with 
general medications tend to have dry mouth. Transcellular anion transport especially in salivary acinar cells has 
a key role for regulating the fluid (water) secretion; these are mainly composed of two anion inlet transporters in 
basolateral membrane and outlet in apical membrane. The former one is mainly composed of Na+-K+-2Cl− co-
transport [4] and partially of anion exchangers working simultaneously Na+/H+ exchangers [5]. The latter com-
ponent was accomplished by intracellular Ca2+ activated anion channels located apical membrane of the salivary 
acinar cells which was identified in 2008 [6]-[8]. After molecular identification of this anion channel, the phar-
macological and physiological properties of this channel have been analyzed, and TA has been proposed as one 
of the most potent inhibitors [9]-[14]. TA and TA containing green tea and red wine are reported to inhibit Ca2+ 
activated anion conductance [12]. However, the direct effect on salivary fluid secretion is not well investigated. 
In the present study, we used a biological sensor—ex vivo mouse submandibular gland perfusion technique—to 
identify the effect of the TA including beverage ingredients on the glandular function. 

2. Materials and Methods 
2.1. Preparation of the Biological Glandular Sensor 
All experiments were approved by the Animal Committee of Kyushu Dental University. C57BL/6J mice, 8 - 10 
weeks of age were purchased from Kyushu Animal Laboratory. The mice were habituated and the experiments 
were performed when the mice were 8 - 12 weeks of age. The mice were exposed to a 12-h light/dark cycle and 
fed ad libitum. An ex vivo vascular perfusion technique was used for glandular fluid secretion analysis. The sur-
gical procedure used has been described previously [14]. In brief, mouse were anesthetized with chloral hydrate 
(400 mg/kg), then dissected the blood vessels around the submandibular gland under a dissecting microscope 
(Olympus SZX7). The main artery directly going into the gland was dissected, and then blanches was tied with 
silk sutures, and then the glands were transferred to perfusion chamber. Then the 31 gauge blunt end needle was 
cannulated into the main artery. Physiological saline solution, which contains 120 mM NaCl, 4.3 mM KCl, 25 
mM NaHCO3, 1.0 mM MgCl2, 1.0 mM CaCl2, 5 mM glucose, 10 mM HEPES (equilibrated with 95% O2 and 5% 
CO2) was perfused at a rate of 1 ml/ minute. Glands were kept at 37 degree with originally made water jacket 
heating system. The diagrammatic illustration of ex vivo biological saliva collection system is shown in Figure 1. 
Salivation was induced with cholinergic agonist carbachol (CCh) for 10 minutes at 0.3 μM, which we set as 
control. The effects of beverage ingredients were analyzed by perfusing the gland with from 5 minutes prior to 
CCh stimulation. Secreted saliva was collected in the glass capillary tube and then the flow rate and total amount 
was calculated. Flow rates and total amount with and without target samples were compared. 

2.2. Intracellular Ca2+ Signaling Analysis 
Clumpy cell preparation was performed for the analysis of cellular secretory signaling. Dissected glands were 
transferred into Krebs-Henseleit Ringer solution, which contains 103 mM NaCl, 4.7 mM KCl, 25 mM NaHCO3, 
2.8 mM glucose, 12.5 mM HEPES, 1.2 mM NaH2PO4, 4.9 mM Na-pyruvate, 2.7 mM Na2-fumarate, 2.7 mM 
Na-glutamate, 2.6 mM CaCl2, 1.1 mM MgCl2 and bovine serum albumin 1 mg/ml. Submandibular glands were 
then minced 100 times with scissors, and then put into the collagenase L (Nitta Gelatin, Osaka, Japan) contain-
ing buffer. The aliquot was then treated for 20 minutes under the continuous shaking (100 cycle/minute). The 
digested samples was then washed 3 times with 5 ml of Ringer solution, and then intracellular calcium detecting 
fluorescent dye, acetoxymethyl ester Fura-2 (Fura-2 AM), was applied at 1 μM for 10 minutes. The fluorescence 
was detected with excitation wave length 340 and 380 nm and the emission for 510 nm for both excitations with 
a fluorescence detecting system (Argus Aqua cosmos, Hamamatsu Photonics, Hamamatsu, Japan). Observation 
chamber was perfused at a rate of 1 ml/minute at 37˚C. 
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Figure 1. A pattern diagram and a picture of ex vivo subman-
dibular gland perfusion analysis: submandibular gland was dis- 
sected out from the anesthetized mice and then perfused with 
physiological saline solution on water jacket heating stage at 
37˚C. Perfusion solutions were switched to each test solution, 
and then their effect on muscarinic agonist carbachol induced 
fluid secretion was measured. Saliva samples were collected 
with glass capillary tube and the progression was marked to 
calculate flow rate.                                                   

2.3. Preparation of Beverage Samples 
Green tea (Yamecha, Takeya Shouten, Kitakyushu, Fukuoka, Japan) oolong tea (Itoen, Tokyo, Japan) and coffee 
(Ueshima Coffee Co., Ltd., Sapporo, Japan) were prepared soaking the 2.5 g of tea leafs or grinded coffee into 
30 ml of boiling water for 10 minutes, the extracted samples were then filtrated then frozen until used. Red wine 
(Maison Belleroche Bordeaux Rouge, 2010, France) and white wine (Carlo Rossi, 2008, USA) were boiled until 
the volume became half to completely remove alcohol, and then filtrated as Numkang et al. reported [12]. For 
the functional analysis, prepared beverage samples were added into the physiological saline solutions at 1.2% 
for green tea, oolong tea and coffee, and 2% for red and white wine. The extracted and concentrated samples 
were then measured their TA concentration by Folin-Denis assay or official method of analysis which was per-
formed by Japan Food Laboratories (Fukuoka, Japan). 

2.4. Chemicals 
Collagenase L was obtained from Nitta Gelatin (Osaka, Japan) and Fura-2 AM was from Dojindo (Kumamoto, 
Japan). Other chemicals were all from Sigma Japan (Tokyo, Japan).  

2.5. Statistical Analysis 
For the comparison of pairwise samples Student t-test was used, and ANOVA with Tukey post hoc test was used 
for multiple comparisons. P-value less than 0.05 was set as statistically significant. 

3. Results 
3.1. Tea Compounds and Red Wine Extracts Inhibit Fluid Secretion in the Mouse ex Vivo  

Submandibular Gland Perfusion System 
The effects of tea and wine extracts on fluid secretion were summarized in Figure 2(a) and Figure 2(b). As it 
shows beverage component induced no salivation except coffee (Figure 2(b)). When stimulated with moderate 
concentration of muscarinic agonist carbachol, inhibition on fluid secretion was observed for green tea, oolong 
tea and red wine. The initial inhibition was small, but the effects become larger over time. On the other hand 
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white wine and coffee failed to show any change when compared with the control. The accumulated salivas over 
10 minute’s stimulation were summarized in Figure 2(c). When the data was normalized to control (CCh 0.3 
μM), 40% - 65% inhibition was observed for green tea, oolong tea and red wine, where coffee and white wine 
had no effect. 

3.2. The Effect of Tannic Acid on Fluid Secretion in the Mouse Submandibular ex Vivo  
Gland 

Chloride transport is a key component for fluid secretion. We hypothesized that TA which affects to Ca2+ acti-
vated anion channel might be the possible reason for green tea, oolong tea and red wine inhibition. The effects 
of TA at several concentrations were summarized in Figure 3(a). Significant inhibitions on fluid secretion were 
observed for all concentrations tested. The dose response inhibition and TA concentrations for green tea, oolong 
tea and red wine were summarized in Figure 3(b). 

Since the shape observed in Figure 2(a) looked identical as TA at 30 or 100 μM we then analyzed TA con-
centration used in the present study. The TA concentration was measured for each solution, and the final con-
centration used was 47 μM for green tea, 34 μM for oolong tea and 56 μM for red wine. 

 

 
(a)                                                   (b) 

 
(c) 

Figure 2. The effect of beverage component on fluid secretion. (a) The effect of green tea, oolong tea, red wine and 
white wine on muscarinic agonist carbachol (CCh) induced fluid secretion. The number of experiments are followings; 
green tea (n = 4), ooolong tea (n = 4), red wine (n = 5), white wine (n = 5) and CCh (control: n = 7); (b) The effect of 
coffee on CCh induced fluid secretion, and the effect of caffeine on fluid secretion. The number of experiments are 
followings; coffee + CCh (n = 6), coffee (n = 4) and caffeine at 100 μM (n = 3). Since coffee was potent to secrete, no 
prior perfusion was performed for Coffee + CCh; (c) The comparison of each beverage ingredients on fluid secretion. 
Total amount from 10 minutes collection period was compared from the control. The average amount of control secre-
tion (0.3 μM CCh) was set as 100%. The relative values were shown.                                                   
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3.3. The Effect of Tannic Acid on Intracellular Calcium Signaling 
Carbachol induced fluid secretion from the mouse ex vivo submandibular gland was inhibited TA concentration 
dependent manner. We then analyzed TA on the muscarinic stimulation induced intracellular calcium increase. 
The effects were summarized in Figure 4 revealed that no significant effect on first 30 seconds suggesting TA 
had no negative effect on muscarinic receptors. However, the decrease become significant at the end suggesting 
calcium sustaining mechanisms are partially inhibited. 

4. Discussion 
Secretory function is crucial for the quality of life for the elderly, however little is known which beverage is 
suitable to preserve the function for fluid secretion in secretory glands. Their effect on cellular level has been 
reported, but in the present study we first report the effect of beverage compounds on fluid secretion with stable 
ex vivo mouse gland perfusion system. Of course the components might not directly go into the blood flow but 
minor salivary glands are spread in the oral cavity and glands are apically located in the gastrointestinal tract.  
 

 
(a)                                                           (b) 

Figure 3. The effect of tannic acid (TA) on carbachol induced fluid secretion. (a) TA was applied from 5 minutes prior to 0.3 
μM carbachol (CCh) stimulation. TA decreased fluid secretion in concentration dependent manner. The numbers of experi-
ments are n = 4 for all TA contained samples, and n = 7 for the CCh control. The same samples were used as shown in  
Figure 2; (b) The dose response of TA on fluid secretion over 10 minutes collection time. The dots are showing TA concen-
tration of each samples and fluid secretion from Figure 2(a) and Figure 2(b). The concentrations of TA were 47 μM for 
green tea, 34 μM for oolong tea, 33 μM for coffee, 56 μM for red wine and 4.7 μM for white wine.                             
 

 
Figure 4. The effect of tannic acid (TA) on intracellular Ca2+ regulation: TA (30 μM) had no effect on initial Ca2+ increase, 
however, it affects later phase. Significant decrease (~46%) was observed at the end of CCh stimulation. The number of ex-
periments (mice) were n = 4 for control (TA: 0 μM) and n = 6 for TA (30 μM).                                             
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Especially positive effects for green tea have been reported as it positive effects on chronic periodontitis, dental 
caries and oral cancer [15], which also have positive effect like colon cancer [16]. A survey research has been 
reported that three or more cups of coffee per day had a significant inverse association with upper aerodigestive 
tract cancer; where consumption of three or more cups of green tea per day had a significant positive association 
[17]. Though the clinical implication, the short term effect for their consumption. 

The positive effects of red wine has been extensively studied, the consumption seemed to reduce cancer and 
appropriate taking has been proposed [18], and their anti-inflammatory effect on NF-κB has been proven in cel-
lular level [19]. Though, its polyphenols have so many positive effects, red wine clearly decreased fluid secre-
tion. On the other hand, though certain amount of TA (4.7 μM), white wine had no effect on fluid secretion 
(Figure 3(b)). 

We expected that coffee has negative effect on CCh induced fluid secretion since it contains TA. However, 
coffee itself was potent to secrete, and no effect on CCh induced fluid secretion. We first thought this was due to 
caffeine in coffee; however caffeine failed to induce salivation even when applied very high concentration (100 
μM) (Figure 2(b)). This is presumably due to the cholinomimetic compound in coffee which has muscarinic ac-
tions [20] [21] that might be strong enough to compensate negative effect from its TA (33 μM). 

The effect of TA on fluid secretion revealed almost no effect for first 30 seconds, but gradual decrease was 
seen during the observation period (Figure 3(a)), which was linked to intracellular calcium decrease (Figure 4). 
Suggesting that TA has no effect on muscarinic receptors but it affects not only on TMEM16A but also on 
intracellular calcium regulation like store operated calcium influx mechanisms as reported in human red blood 
cell [22]. A report said that xerostomia occurred in 45% of older adults, and a diagnosis of an oral symptom in 
only 4.5% [23]. As previously mentioned, so many positive effects have been reported on teas and wines, but we 
might have to take into consideration short term effect especially elderly populations. 

5. Conclusion 
Tannic acid and beverages containing tannic acid such as green tea, oolong tea and red wine, inhibit salivary 
fluid secretion. 
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