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Abstract

Purpose: The objective of this study was to compare the pH of saliva from xerostomic
patients before and after the use of Salese lozenges (Nuvora Inc., Santa Clara, CA).
Materials and Methods: After IRB approval, ten subjects were selected to participate
in this pilot study to evaluate the efficacy of Salese. The inclusion criteria were patients
on multiple medications who demonstrated xerostomia and acidic salivary pH. Saliva
was collected from the patients at baseline and after the use of Salese at selected
intervals up to 120 minutes. The pH of the collected saliva was measured, and the data
were analyzed using an ANOVA.
Results: Use of Salese lozenges showed a shift toward a more neutral pH in the first
half hour. The pH remained at the same level after the primary shift for at least 2 hours.
Conclusions: This pilot study indicates that patients suffering with xerostomia can
use Salese lozenges for at least 10-30 minutes to induce a salivary pH shift to a more
neutral level. More research should be performed to investigate the buffering capacity
of Salese lozenges.

Xerostomia (dry mouth) is the subjective feeling of oral dryness.
It is generally accompanied by salivary gland hypofunction and
a reduction in the secretion of unstimulated whole saliva. The
normal range is very large and includes individuals with very
low flow rates who do not complain of dry mouth. Values
below 0.1 ml/min are considered hyposalivation.1 Navazesh
et al described a useful diagnostic algorithm to identify a patient
at risk of developing xerostomia, and asserted that a simple
questionnaire is effective to assess a dry mouth.2

Unstimulated whole saliva is the mixture of secretions en-
tering the mouth in the absence of exogenous stimuli such as
chewing. The average value for whole saliva is about 0.3 ml/min
and pH 6.1,3-5 There is a significant difference between gen-
ders in unstimulated flow rates.3,6,7 Men have higher flow
rates than women due to the size of the salivary glands. In
menopause many women suffer from xerostomia, and this con-
dition worsens with age. Salivary flow rates are also affected
by a variety of conditions such as stimulus, vomiting, smoking,
gland size, gag reflex, olfaction, unilateral stimulation, and food
intake.1,3,6

Reduced salivary flow may cause different, mostly unspecific
symptoms in the patient.8 Saliva influences caries incidence
mainly by its rate of flow and its fluoride content. Salivary flow

rate influences the rate of oral and salivary clearance of bacterial
substrates.1,9,10

Saliva includes three major buffering systems that help main-
tain neutral pH level in whole saliva: carbonic acid/bicarbonate,
phosphate, and protein. The bicarbonate concentration is
strongly dependent on secretion rate. Since bicarbonate is the
chief determinant of buffer capacity, there is an interrelation-
ship between pH, secretion rate, and salivary buffering capacity,
which is affected by reduced salivary flow.1,3

Multiple factors, including systemic diseases, prescription
and nonprescription medications, head and neck radiation ther-
apy, psychogenic factors, and decreased mastication, cause sali-
vary hypofunction.11 The most common cause of salivary gland
hypofunction is the intake of medicaments, over 400 of which
possess the ability to diminish the flow of saliva. Salivary gland
changes associated with multiple medication therapy are well
documented.1,6 The feeling of dryness increases with the num-
ber of drugs taken per day. Their effect can be reversed after
discontinuing the drugs, as they do not cause permanent dam-
age to the structure of the salivary glands. Clinically, the most
important classes of drugs that continuously diminish the flow
of saliva are antidepressants, anticholinergics, antihistamines,
diuretics, and antihypertensive agents.6,7,12
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The mechanism of many of these medications is the compe-
tition for acetylcholine release at the parasympathetic effector
junctions.1,3,6,7,12 Furthermore, drugs that inhibit neurotrans-
mitters from binding to salivary gland membrane receptors,
or those that affect ion transport pathways in the acinar cell,
contribute to the quality and quantity of salivary output.7

In elderly patients taking multiple medications for chronic
diseases, less xerostomic effect is observed with low doses of
the drug. The chronicity and longevity of the disease causes
more salivary gland changes.1,2,13

Changes in salivary gland hypofunction contribute to dyspha-
gia, eating difficulties, poor oral hygiene, taste alterations, and
oral infections, especially those from Candida albicans. Bacte-
rial substrates impacted by changes in saliva increase patients’
susceptibility to infections and mucous membrane degrada-
tion, leukoplakia, and ulcerations. Seymour and Rudralingham
described changes in the salivary glands with compromised
glandular secretions and resultant pain.5

Changes in the quantity and quality of saliva are exhibited
in a shift in salivary pH toward acidity. Parvinen and Larmag
reported a highly significant correlation between salivary flow
and salivary pH, and that a low flow rate favors the occurrence
of salivary yeast and lactobacilli.11

The acid shift of saliva supports the colonization of Candida
and increases the potential for demineralization of teeth with
the consequence of caries. Long-term effects of multiple med-
ication therapy can result in an increase in dental caries and
poor use of removable prostheses due to diminished lubrication
of oral mucosa.

The lubricating action of saliva facilitates the movements
of the tongue and lips during swallowing and eating and is
important for clearly articulated speech. The efficacy of saliva
as a lubricant depends on its viscosity and changes in shear
rate, content of mucins and proline-rich proteins, and is greatly
influenced by pH and calcium.14 Increased salivary viscosity
due to diminished flow rate and pH may increase the risk of
caries.3,4

The use of buffering agents to maintain a neutral salivary
pH would be helpful to patients. Clinicians have in the past
recommended the use of chewing gum or sodium bicarbonate
powder dissolved in water as one therapeutic method of buffer-
ing acidic saliva.15-19 Neyraud et al found that the mechanical
action of chewing of salted chewing gum could increase sali-
vary production but for a very short period of time.17 In a study
by Gil-Montoya et al, a mouthwash and an oral gel containing
lactoperoxidase, lactoferrin, and lysozyme were able to reduce
some aspects of xerostomia in elderly subjects.20

A lozenge, Salese, developed by Nuvora (Santa Clara, CA),
incorporates sodium bicarbonate and may extend the saliva
buffering time for these patients. The effectiveness of this
lozenge in buffering-compromised saliva has not been eval-
uated to date in the published literature.

Objectives of pilot study

The objective of this study was to measure the oral saliva pH
of ten elderly subjects receiving multiple medication therapy.
In ten subjects, salivary pH was determined before the test and

after the use of the Salese lozenge for a period of up to 120
minutes or until the lozenge was dissolved.

Subjects had to meet the following criteria to be eligible for
this study:

1. The patient had to be a recipient of one or more of the 450
available medications known to cause dry mouth (xerosto-
mia).

2. The patient should not have any observable damage to the
major and/or minor salivary glands.

3. The patient must be 60 years of age or older.

Subjects were not eligible for this study if they had:

1. A life expectancy of less than 6 months.
2. Severe-to-moderate inflammation of the oral mucosal tis-

sues (mucositis).
3. Dementia, Alzheimer’s, Parkinson’s, or related degener-

ative psychological or physical medical conditions that
would prevent the patient from completing the study or
providing informed consent.

Materials and methods

After IRB approval (HPD-DEN02259017Exp), ten subjects
were recruited in the Postgraduate clinic of Nova Southeast-
ern University College of Dental Medicine. All patients were
pretested for acidic salivary pH in order to participate in this
study. Ten subjects, three women and seven men with ages
from 62 to 80, were recruited for this study (mean age 70.3).
Six subjects were partially dentate, two were fully dentate, and
two were edentulous. After the dental screening exam and den-
tal records check, the patients signed written informed consent.

Each subject answered ten short questions for a Quality of
Life (QoL) survey. A health status survey was completed. The
subjects then were asked to expectorate into a medicine cup
to collect their saliva. The saliva pH was measured using pH
indicator strips (nonbleeding) with a range of 2.0 to 9.0 and
measured against the standards assigned by the manufacturer.
Patients without enough saliva to measure were given tap water

Table 1 Distribution of subjects according to age, gender, and
medications

Dentate
# Gender Age state Medication(s)

1 M 70 P Atenolol, Prozac
2 F 80 P Diavan, Symbacord, Syncroid
3 M 78 P Glucophage, ibuprofen
4 M 72 D Fosamax, Simvastatin
5 M 67 D Nexium
6 M 63 P Caletra, Metformin, Oxadron,

Viramune, Crestor, Previcid, Actos,
Zerit, DDI

7 M 70 E Atenolol, Nexium
8 F 69 P Zopenopril, Lyrica
9 F 65 E Leflunomide, Naproxen, Medrol

10 M 69 P Insulin, Captopril

P = Partially dentate; D = Fully Dentate; E = Edentulous.
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Table 2 pH of saliva at different time intervals

Subject Baseline pH 10 min 30 min 1 hr 2 hr

1 5.5 5.5 6.0 6.0 6.0
2 5.0 5.5 5.5 5.5 5.5
3 5.5 6.0 6.0 6.0 6.0
4 6.0 7.5 7.5 7.5 7.5
5 5.5 7.0 7.5 7.5 7.5
6 5.5 6.0 6.0 7.5 7.5
7 5.5 6.0 6.0 7.0 7.0
8 5.5 6.0 6.0 7.0 7.0
9 5.5 6.0 6.0 6.0 6.0

10 5.5 6.0 7.5 7.5 7.5

with pH 7.0 and asked to rinse the mouth and expectorate into
a medicine cup. The baseline salivary pH was then determined
on this sample. Thus, each patient served as his/her own control
with the baseline pH.

The subjects were given the Salese lozenge, and the saliva pH
was measured again at 10-, 30-, 60-, and 120-minute time inter-
vals. All subjects were tested at least 2 hours after the morning
meal to minimize variation. The pH measurements at each of
the time intervals ceased once the lozenge was completely dis-
solved or at a maximum time of 120 minutes. The lozenge is
reported by the manufacturer to take about 1 to 1.5 hours to
completely dissolve.

Results

The following data were collected for ten subjects who were el-
igible to participate in the study (Tables 1 and 2). In all subjects,
use of the lozenges improved the salivary pH from 5.5 to 6.25
(mean data) in 10 minutes and continued the pH shift to 6.75,
which remained for 2 hours. In some subjects, pH increased in
the next hour. In the majority of patients, pH remained at the
same level after a primary shift, which occurred within 30 to 60
minutes. The pH remained at the same level for at least 2 hours.

Table 3 Statistical data

Time/
measure/value Baseline 10 min 30 min 1 hour 2 hour

Mean 5.50 6.25 6.50 6.75 6.75
SD 0.24 0.68 0.78 0.79 0.79
Min 5.00 5.50 5.50 5.50 5.50
Max 6.00 6.75 7.50 7.50 7.50

Data were analyzed using a repeated measures ANOVA
(Fig 1, Table 3). Data from this pilot study indicated that Salese
lozenges can buffer the salivary pH in xerostomic patients in
the first 30 minutes. The pH remained at same level for at least
2 hours. There was no difference in the pH shift in the dentate,
partially dentate, or edentulous patients.

All subjects filled out the QoL questionnaire (Appendix).
Seven of the ten patients admitted they could not eat certain
types of food. Four of ten mentioned the feeling of dry mouth,
and four of ten reported their mouth and gums were sensitive.
The pretest and posttest questionnaire QoL of the study subjects
remained essentially the same.

Discussion

Four of the ten subjects with symptoms of xerostomia experi-
enced a feeling of dry mouth and increased sensitivity of the
gums. They reported the need to drink more water to avoid a
feeling of dry mouth and usually had a saliva pH below 6.0. Al-
though some patients in the early phase of multiple medication
therapy may develop the symptoms of a dry mouth, salivary pH
can still be close to neutral, or 6.5 to 7. The goal of the current
study was to evaluate the salivary shift after use of lozenges;
thus, only patients with acidic saliva (pH < 6) were recruited
for the study.

Subjects with different diseases were included in the
study. The most common diseases in these subjects were
arterial hypertension, diabetes, and arthritis. Other diseases
and conditions in this group were depression, asthma,

Figure 1 Change in pH over time.
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thyroid disturbances, HIV, and artificial joint prosthesis. The
subjects recruited for this pilot study took a variety of medica-
tions. The most common were Atenolol, Prozac, Nexium, Fos-
amax, and Naproxen. The most common medications known
to cause xerostomia are antidepressants, muscarinic and alpha-
receptor antagonists, and diuretics.7 Thus, patients involved in
the current study were recipients of the most common xerogenic
medications.

Conclusions

Salivary pH in elderly patients with multiple medication therapy
and acidic saliva was improved by the use of Salese lozenges.
Patients suffering with xerostomia may use Salese lozenges for
at least 10 to 30 minutes to increase salivary pH. This pilot study
should be followed by an expanded study to evaluate the effect
of the lozenges in a larger population. Further research should
be performed to evaluate the long-term use of these lozenges
and their impact on xerostomia.

Acknowledgments

The authors acknowledge the Nuvora Company for its support
and provision of the supplies and materials for this study.

References

1. Rantonen P: Salivary flow and composition in healthy and
diseased adults. J Am Dent Assoc 2008;139:6S-8S

2. Navazesh M, Kumar S: Xerostomia: prevalence, diagnosis, and
management. Compend Contin Educ Dent 2009;30:326-328

3. Guggenheimer J: Xerostomia. Etiology, recognition and
treatment. J Am Dent Assoc 2003;134:61-69

4. Curro F: Gum chewing as an adjunct to use of medications. J Am
Dent Assoc 2008;139:6S-8S

5. Seymour RA, Rudralingham M: Oral and dental adverse drug
reactions. Periodontology 2000,2008;46:9-26

6. Eveson JW: Xerostomia. Periodontol 2000 2008;48:85-91
7. Turner M: Dry mouth and its effects on the oral health of elderly

people. J Am Dent Assoc 2007;138:15S-20S
8. Ghezzi E, Ship J: Aging and secretory reserve capacity of major

salivary glands. J Dent Res 2003;82:844-848
9. Cassolato SF, Turnbull RS: Xerostomia: clinical aspects and

treatment. Gerodontology 2003;20:64-77
10. Moore PA, Guggenheimer J: Medication-induced hyposalivation:

etiology, diagnosis, and treatment. Compend Contin Educ Dent
2008;29:50-55

11. Parvinen T, Larmas M: The relation of stimulated salivary flow
rate and pH to Lactobacillus and yeast concentrations in saliva.
J Dent Res 1981;60:1929-1935

12. Ciancio S: Medications’ impact on oral health. J Am Dent Assoc
2004;135:1440-1448

13. Navazesh M, Brightman VJ, Pogoda JM: Relationship of medical
status, medications, and salivary flow rates in adults of different
ages. Oral Surg Oral Med Oral Pathol Oral Radiol Endod
1996;81:172-176

14. Vasconcelos B, Novaes M, Sandrini F: Prevalence of oral mucosa
lesions in diabetic patients: a preliminary study. Rev Bras
Otorrinolaringol 2008;74:423-428

15. Jensen JL, Karatsaidis A, Brodin P: Salivary secretion:
stimulatory effects of chewing gum versus paraffin tablets. Eur J
Oral Sci 1998;106:892-896

16. Risheim H, Arneberg P: Salivary stimulation by chewing gum
and lozenges in rheumatic patients with xerostomia. Scand J Dent
Res 1993;101:40-43

17. Neyraud E, Prinz J, Dransfield E: NaCl and sugar release,
salivation and taste during mastication of salted chewing gum.
Physiol Behav 2003;79:731-737

18. Persson A, Lingström P, Bergdahl M, et al: Buffering effect of a
prophylactic gel on dental plaque in institutionalised elderly.
Gerodontology 2007;24:98-104

19. Anderson LA, Orchardson R: The effect of chewing
bicarbonate-containing gum on salivary flow rate and pH in
humans. Arch Oral Biol 2003;48:201-204

20. Gil-Montoya JA, Guardia-Lopez I, Gonzalez-Moles MA:
Evaluation of the clinical efficacy of a mouthwash and oral gel
containing antimicrobial proteins lactoperoxidase, lysozyme and
lactoferrin in elderly patients with dry-mouth: a pilot study.
Gerontology 2008;25:3-9

Appendix: Quality of life questionnaire

1) Are you having problems with dry mouth? yes no
2) Are there foods that you cannot eat? yes no
3) Do you have trouble swallowing? yes no
4) Do you have problems opening your mouth? yes no
5) Are your gums and mouth sensitive to touch? yes no
6) Are your teeth sensitive to hot? yes no
7) Are your teeth sensitive to cold? yes no
8) Can you taste your food? yes no
9) Do you have problems with your prosthesis? yes no

10) Can you chew your food? yes no
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