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Abstract 

Background: In this aging society, many 

elderly dental patients have subjective dry 

mouth. The most common cause of oral 

dryness is the use of particular medicines, 

and calcium blocker is widely taken as the 

treatment of hypertension. The purpose of 

this study was to evaluate the saliva of oral 

dryness patients taking calcium blocker in 

comparison with that of the healthy elderly 

persons and the patients with Sjögren’s 

syndrome. 

Methods: Forty six subjects were enrolled 
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in this study (fifteen patients taking 

calcium blocker, fifteen patients with 

Sjögren’s syndrome, and sixteen healthy 

elderly persons). The unstimulated salivary 

flow rate was examined by ejecting 

gathered saliva from the mouth into a test 

tube for 10 min. Stimulated salivary flow 

rate was measured by gum-chewing with 

gathered saliva ejected into the test tube 

over a 10-min period. The total protein 

concentration of the saliva was determined 

with a protein assay kit. The differences in 

unstimulated salivary flow rate, protein 

concentration, and flow rate of protein 

among the three groups was analyzed with 

Kruskal Wallis test. The difference in 

stimulated saliva was analyzed with 

one-way analysis of variance. 

Results: Unstimulated salivary flow rate 

and the flow rate of protein on 

unstimulated saliva was significantly lower 

on patients taking calcium blocker and 

patients with Sjögren’s syndrome than that 

on healthy elderly persons (P < 0.01). 

Stimulated salivary flow rate was 

significantly lower on patients taking 

calcium blocker than that on healthy 

elderly persons (P < 0.05), and 

significantly lower on patients with 

Sjögren’s syndrome than that on healthy 

elderly persons (P < 0.01). 

Conclusion: The results of this study 

suggested that the condition of salivary 

gland in oral dryness patients is different 

from healthy elderly. Furthermore, it was 

considered that the submaxillary gland in 

patients taking calcium blocker would be 

affected by the calcium blocker. 
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1. Introduction 

In this aging society, many elderly dental 

patients have subjective dry mouth. It is 

reported that the prevalence of oral dryness 

is between 0.9% and 64.8% (Orellana MF 

et al. 2006). The causes of oral dryness 

include certain medicines, diabetes, 

Sjögren’s syndrome, and head and neck 

radiotherapy (Márton et al. 2004, Toljanic 

et al. 1996). The most common cause of 

oral dryness is the use of particular 

medicines (diuretics, antidepressants, 

neuroleptics, cytostatics, antiparkinson 

drugs, antihypertensives, and 

antihistamines) (Navazesh et al. 1992, 

Porter et al. 2004, Sreebny 2000), and 

many dental patients take some of these 

medicines. There are more than 400 

medicines that induce oral dryness 

(Llena-Puy 2006).  

 

Calcium blocker is widely taken as the 

treatment of hypertension and calcium 

blocker causes dry mouth (Hattori T et al. 

2007). However, the mechanism of calcium 

blocker to cause dry mouth has not been 

cleared enough (He XJ et al. 1989). 

Calcium blocker also causes gingival 

thickening. The mechanism of calcium 

blocker to cause gingival thickening 

doesn’t have just one point of view (Salo T 

et al. 1990, Seymour RA et al.1997). The 

gingival thickening is induced by the 

growth of the gingival component cell. The 

existence of this phenomenon indicates that 

calcium blocker causes not only the 

inhibition of the calcium channel but also 

some transcriptive activity. 

 

We aimed to make clear the characteristics 

of the oral dryness patients who take 

calcium blocker. The purpose of this study 

was to evaluate the saliva of oral dryness 

patients taking calcium blocker in 

comparison with that of the healthy elderly 

persons and the patients with Sjögren’s 

syndrome. 

 

2. Material and Methods 

2.1 Experimental subjects 

Forty six subjects were enrolled in this 

study. Fifteen patients taking calcium 

blocker (2 men, 13 women; mean age 69.0 

± 7.9 years) and fifteen patients with 

Sjögren’s syndrome (15 women; mean age 

64.5 ± 8.0 years) who attended the Dry 

Mouth Clinic in the Nippon Dental 

University Niigata Hospital, and sixteen 

healthy elderly persons (7 men, 9 women; 

mean age 71.3 ± 6.6 years) who attended 

the Nippon Dental University Niigita 

Hospital for periodic health examination 

were investigated. The study was 

performed with the approval of the Ethics 

Committee of the Nippon Dental 

University School of Life Dentistry at 
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Niigata (ECNG-H-155) and written 

informed consent was obtained from all 

subjects before starting the study. 

 

2.2 Unstimulated whole saliva collection 

Unstimulated whole saliva from ten 

patients taking calcium blocker and ten 

patients with Sjögren’s syndrome, and 

eleven healthy elderly persons was 

measured using test tubes (Sarstedt AG & 

Co., Nümbrecht, Germany). The gathered 

saliva in the mouth of the seated subjects 

was ejected into the test tube over a 10-min 

period (Dawes C 1987). The amount of 

saliva was measured based on the scale on 

the test tube. The test tubes already 

contained 40 µl of a protease inhibitor 

cocktail (leupeptin 100 µM, trypsin 

inhibitor 75 µg/ml, 5 mM 

4-amidinophenylmethane sulfonyl fluoride 

hydrochloride, 250 mM benzamidine, 

aprotinin 100 µg/ml) to prevent 

degradation of the salivary proteins 

(Mizuhashi F et al. 2016). The saliva was 

collected between 9 to 11 a.m. The 

collected unstimulated whole saliva was 

centrifuged at 14,000×g for 15 min at 4°C 

to remove debris. The supernatant was kept 

at −20°C for further study. 

 

 

 

 

2.3 Stimulated whole saliva collection 

Stimulated salivary flow rate was measured 

by gum-chewing (Navazesh M 1982). A 

gum (Freezone, Lotte Co., Tokyo, Japan) 

that does not stick to the denture was used 

in this study. Stimulated whole saliva was 

gathered from five patients taking calcium 

blocker and five patients with Sjögren’s 

syndrome, and five healthy elderly persons. 

The gathered saliva in the mouth of the 

seated subjects was ejected into the test 

tube over a 10-min period. The amount of 

saliva was measured based on the scale on 

the test tube. The test tubes already 

contained 40 µl of a protease inhibitor 

cocktail to prevent degradation of the 

salivary proteins (Mizuhashi F et al. 2016). 

The collected stimulated whole saliva was 

centrifuged at 14,000×g for 15 min at 4°C 

to remove debris. The supernatant was kept 

at −20°C for further study. 

 

2.4 Protein assay 

The total protein concentration of the saliva 

was determined with a protein assay kit 

(Bio-Rad Laboratories) with bovine serum 

albumin as a standard. 

 

2.5 Statistical analysis 

The differences in unstimulated salivary 

flow rate, protein concentration 

(unstimulated saliva), and flow rate of 

protein (unstimulated saliva) among 
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patients taking calcium blocker, patients 

with Sjögren’s syndrome, and healthy 

elderly persons was analyzed with Kruskal 

Wallis test. The differences in stimulated 

salivary flow rate, protein concentration 

(stimulated saliva), and flow rate of protein 

(stimulated saliva) among patients taking 

calcium blocker, patients with Sjögren’s 

syndrome, and healthy elderly persons was 

analyzed with one-way analysis of 

variance. 

 

3. Results 

Table 1 shows the result of unstimulated 

salivary flow rate, protein concentration 

(unstimulated saliva) and flow rate of 

protein (unstimulated saliva) among 

patients taking calcium blocker, patients 

with Sjögren’s syndrome, and healthy 

elderly persons. Unstimulated salivary flow 

rate was significantly lower on patients 

taking calcium blocker and patients with 

Sjögren’s syndrome than that on healthy 

elderly persons (P < 0.01). The mean value 

of unstimulated salivary flow rate on 

patients taking calcium blocker was 0.57 

mL/10min and that on patients with 

Sjögren’s syndrome was 0.57 mL/10min, 

and unstimulated salivary flow rate was 

almost same value on patients taking 

calcium blocker and patients with Sjögren’s 

syndrome. There was no statistically 

significant difference on the protein 

concentration on unstimulated saliva 

among patients taking calcium blocker, 

patients with Sjögren’s syndrome, and 

healthy elderly persons. The flow rate of 

protein on unstimulated saliva was 

significantly lower on patients taking 

calcium blocker and patients with Sjögren’s 

syndrome than that on healthy elderly 

persons (P < 0.01). The mean value of the 

protein concentration and the flow rate of 

protein on unstimulated saliva of patients 

taking calcium blocker and patients with 

Sjögren’s syndrome was also almost same 

value. 

 

Table 2 shows the result of stimulated 

salivary flow rate, protein concentration 

(stimulated saliva), and flow rate of protein 

(stimulated saliva) among patients taking 

calcium blocker, patients with Sjögren’s 

syndrome, and healthy elderly persons. 

Stimulated salivary flow rate was 

significantly lower on patients taking 

calcium blocker than that on healthy 

elderly persons (P < 0.05), and 

significantly lower on patients with 

Sjögren’s syndrome than that on healthy 

elderly persons (P < 0.01). The mean value 

of stimulated salivary flow rate on patients 

taking calcium blocker was 3.94 mL/10min 

and that on patients with Sjögren’s 

syndrome was 2.95 mL/10min, and 

stimulated salivary flow rate on patients 
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taking calcium blocker tended to be larger 

than that on patients with Sjögren’s 

syndrome. There were no statistically 

significant differences on the protein 

concentration and the flow rate of protein 

on stimulated saliva among patients taking 

calcium blocker, patients with Sjögren’s 

syndrome, and healthy elderly persons. The 

mean value of the protein concentration on 

patients taking calcium blocker tended to 

be smaller than that on patients with 

Sjögren’s syndrome, and the mean value of 

the flow rate of protein on patients taking 

calcium blocker tended to be larger than 

that on patients with Sjögren’s syndrome. 

 

4. Discussion 

The most common cause of oral dryness is 

the use of particular medicines, and 

calcium blocker is widely taken as the 

treatment of hypertension (Hattori T et al. 

2007). However, the mechanism of calcium 

blocker to cause dry mouth has not been 

cleared enough. For the purpose to make it 

clear the characteristics of the oral dryness 

patients who take calcium blocker, this 

study examined the unstimulated saliva and 

stimulated saliva of oral dryness patients 

taking calcium blocker and compared them 

to that of the healthy elderly persons and 

the patients with Sjögren’s syndrome. 

 

 

Sjögren’s syndrome is autoimmune disease, 

and most commonly afflicted are the 

salivary and lacrimal glands, leading to 

reduced secretion and dry mucous 

membranes (Fox RI et al. 2005). Salivary 

secretion depends on parasympathetic and 

sympathetic signaling, and parasympathetic 

activation lead to increased Ca
2+

 release 

from the endoplasmic reticulum, and then 

water flux out of the cell was led 

(Romanenko VG et al. 2007). This is 

depending in part on the intracellular free 

Ca
2+

 levels (Foskett JK et al. 1989). 

Calcium blocker is one of the 

antihypertensive that cause oral dryness 

(Hattori T et al. 2007). Though there are 

many kinds of medicines for the treatment 

of hypertension, 70% of the patients with 

hypertension are taking calcium blocker 

(Koike S 2006).  

 

In this study, unstimulated saliva and 

stimulated saliva was investigated. 

Unstimulated salivary flow rate in healthy 

elderly persons in this study became larger 

in comparison with the previous study 

though the mean age of the healthy elderly 

persons in this study was higher than that 

of the previous study (Márton K et al. 

2004). Unstimulated salivary flow rate in 

patients with Sjögren’s syndrome in this 

study became smaller in comparison with 

the previous study (Márton K et al. 2004). 
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Therefore, the condition of the patients 

with Sjögren’s syndrome in this study 

would be severely condition. Djukić LJ et 

al. reported the effect of anti-hypertensives 

on salivary flow. The anti-hypertensives 

investigated in that study was ACE 

inhibitor, beta blocker, and diuretic agent. 

The unstimulated salivary flow rate in 

healthy elderly persons in this study 

became larger than that in the past study 

(Djukić LJ et al. 2015) though the mean 

age of the healthy elderly persons in this 

study was higher than that of the past study 

(Djukić LJ et al. 2015). The study of 

Djukić LJ et al. indicated that unstimulated 

salivary flow rate in ACE inhibitor group 

was almost same value with healthy elderly 

persons, and that in beta blocker and 

diuretic agent groups was about five sixth 

of healthy elderly persons. The results of 

this study showed that unstimulated 

salivary flow rate in patients taking 

calcium blocker was one-tenth of healthy 

elderly persons, and almost same value to 

the patients with Sjögren’s syndrome. 

These results suggested that the impact on 

oral dryness of calcium blocker is 

significant in comparison with ACE 

inhibitor, beta blocker, and diuretic agent. 

 

On the other hand, the results of this study 

indicated that stimulated salivary flow rate 

in patients taking calcium blocker tended to 

be larger value than that in patients with 

Sjögren’s syndrome. There was not 

statistically significant difference on the 

protein concentration on unstimulated 

saliva among the patients taking calcium 

blocker, patients with Sjögren’s syndrome, 

and healthy elderly persons, but the flow 

rate of protein on unstimulated saliva was 

significantly lower on patients taking 

calcium blocker and patients with Sjögren’s 

syndrome than that on healthy elderly 

persons. In our previous study, protein 

concentration and flow rate of protein were 

different between healthy elderly and oral 

dryness patients (Mizuhashi F et al. 2015). 

Therefore, it was suggested that the 

condition of salivary gland in oral dryness 

patients is different from healthy elderly. 

Furthermore, it was considered that the 

submaxillary and sublingual glands in 

patients taking calcium blocker would be 

affected by the calcium blocker. It has been 

reported that unstimulated saliva is 

composed by parotid gland (28%), 

submaxillary and sublingual glands (68%), 

and minor salivary gland (4%), and 

stimulated saliva is composed by parotid 

gland (53%), submaxillary and sublingual 

glands (46%), and minor salivary gland 

(1%) (Proctor GB 2016). Therefore, it 

could be said that unstimulated salivary 

flow rate indicate the condition of the 

submaxillary and sublingual glands. 
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Unstimulated salivary flow rate in patients 

taking calcium blocker was almost same 

value to that in patients with Sjögren’s 

syndrome though stimulated salivary flow 

rate became different value between the 

two groups; therefore, the submaxillary and 

sublingual glands in patients taking 

calcium blocker could be affected by the 

calcium blocker. Some studies have been 

reported the salivary cytokine on salivary 

protein in Sjögren’s syndrome (Kang EH et 

al. 2011, Enger TB et al. 2014). However, 

there are few reports investigating salivary 

components in patients taking calcium 

blocker. After this, the protein components 

secreted from submaxillary gland and 

parotid gland should be examined to make 

clear the effect of the calcium blocker to 

the salivary glands. 
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Table 1: Unstimulated salivary flow rate, protein concentration (unstimulated saliva) and 

flow rate of protein (unstimulated saliva) among patients taking calcium blocker, patients 

with Sjögren’s syndrome, and healthy elderly persons. 

 

 

                        HE
1
           CB

2    
          SS

3
         P 

USF
4
 (mL/10min)     5.42±3.74

a,b
      0.57±0.22

a
      0.57±0.40

b
     < 0.01 

PC
5
 (μg/mL)       2459.7±2311.1    3676.0±2011.1   3926.7±2454.3    0.145 

FP
6
 (μg/min)       1596.0±2330.2

c,d
   184.5±85.9

c
     185.9±147.1

d
    < 0.01 

                                           
1
 Healthy elderly persons 

                                           
2
 Patients taking calcium blocker 

                                           
3 

Patients with Sjögren’s syndrome 

                                           
4
Unstimulated salivary flow rate 

                                           
5
 Protein concentration 

                                           
6
 Flow rate of protein 

                                        a,b,c,d 
P < 0.01 
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Table 2: Stimulated salivary flow rate, protein concentration (stimulated saliva) and flow 

rate of protein (stimulated saliva) among patients taking calcium blocker, patients with 

Sjögren’s syndrome, and healthy elderly persons. 

 

 

                        HE
1
           CB

2    
         SS

3
         P 

 SF
4
 (mL/10min)      7.80±2.16

a,b
      3.94±1.42

a
      2.95±1.30

b
     < 0.01 

PC
5
 (μg/mL)       2727.3±1009.2    3311.9±2006.0   4378.5±1908.3    0.264 

FP
6
 (μg/min)       2029.5±694.8 

 
   1231.6±720.9     984.0±580.2     0.109 

                                           
1
 Healthy elderly persons 

                                           
2
 Patients taking calcium blocker 

                                           
3 

Patients with Sjögren’s syndrome 

                                           
4
Stimulated salivary flow rate 

                                           
5
 Protein concentration 

                                           
6
 Flow rate of protein 

                                        a 
P < 0.05 

                                        b 
P < 0.01 

 

 

 

 

 

 

 

 

 


