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Purpose: This study evaluated the effectiveness of novel, inexpensive saliva substitute formulas (Rangsit University (RSU)
preparation) in maintaining mucosal wetness compared with commercial products.

Materials and Methods: In vitro experiments were conducted using swine tongues to assess the wetness of various RSU saliva
substitute solutions and gels, with four flavors each (sweet mint, sweet vanilla, sweet-sour mint, and sweet-sour lemon), compared
with water, hospital-based mouth rinse from a government dental school, and commercial products (Biotene®™ mouthwash and GC Dry
Mouth Gel®). The wetness was measured at baseline and at 0, 10, 20, 30, 60, and 120 minutes using a digital moisture analyzer.
Results: All saliva substitutes consistently maintained a higher relative wetness than water, particularly beyond 60 minutes (p <
0.001). RSU solutions with a sour flavor (sweet-sour mint and sweet-sour lemon) had a similar wetness to commercial saliva substitute
mouthwash at all times. These solutions were more effective in maintaining higher relative wetness over time than those without a sour
flavor (sweet mint and sweet vanilla) (p < 0.05) and provided more wetness than the hospital-based mouth rinse at 120 minutes. The
RSU solution formula also provided comparable wetness to RSU gel preparation at every time point. While RSU gel formulas initially
provided comparable wetness to water, they maintained significantly higher wetness at 60 minutes (p = 0.029) and 120 minutes (p =
0.002). These results were similar to those of commercial saliva substitute gel, which maintained stable wetness since application up to
120 minutes (p = 0.052).

Conclusion: Our novel saliva substitute formulas show similar effectiveness to commercial products in maintaining mucosal wetness.
These inexpensive products could be a viable alternative for patients with dry mouth who cannot afford commercial formulations.
Keywords: artificial saliva, mouth dryness, mouthwash, xerostomia

Introduction

Dry mouth, which is a sign of hyposalivation or a subjective feeling of xerostomia, affects oral health and quality of life.
'3 Medication, radiotherapy of the head and neck region, and some systemic diseases (eg Sjogren syndrome, diabetes
mellitus, HIV infection, and renal disease) are common causes of dry mouth.* Sipping water frequently, mechanical
stimulation by chewing gum, using a prescribed sialogogue or saliva substitutes according to individual preferences, and
maintaining good oral health reduce signs and symptoms of xerostomia and its complications.”>”’

In addition to diagnosing xerostomia using a questionnaire, hyposalivation can be diagnosed using multiple
methods.®'° The measurement of salivary flow rate is the gold standard for diagnosing hyposalivation.' However,
this measurement takes time and must be performed by a healthcare professional using the correct technique. An oral
moisture meter (Mucus®™; Japan Life Co., Saitama, Japan) has been developed and successfully used to evaluate oral
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dryness.""'? The oral moisture meter can quantify the water content of the oral mucosa in seconds. Therefore, this device
may aid in the clinical measurement of oral moisture or mucosal wetness in general dentistry. Several studies have
demonstrated the usefulness of an oral moisture meter in determining the degree of oral mucosal moisture in patients
with dry mouth from various etiologies.®' '3

There are many formulas for saliva substitutes, such as in-house (hospital-based) products or over-the-counter oral
lubricants. > Gels, sprays, lozenges, tablets, and mouthwashes are commercially available. ° The outcome of oral mucosal
wetness depends on the preparation and ingredients. '* In Thailand, commercial products are relatively expensive
compared with in-house saliva substitutes in the government healthcare sector.

Therefore, this study aimed to evaluate mucosal wetness resulting from four flavors of artificial saliva developed in
gel and in solution compared with commercial products in vitro using swine tongues. These novel, inexpensive products
are intended to be manufactured as a gel, spray, or mouthwash for patients with dry mouth who are receiving dental
treatment in a private dental school or dental clinic and cannot afford commercial saliva substitutes.

Materials and Methods

This experimental study was conducted by the College of Dental Medicine and College of Pharmacy, Rangsit University.
The study was approved by the Ethics Review Board of Rangsit University and was conducted in full accordance with
the Declaration of Helsinki (COA., No. RSU-ERB2022-078). For studying mucosal wetness in vitro, fresh swine tongue
represents the clinical condition of the human mucosal tongue. This study utilized swine tongues obtained from a local
market, sourced from animals slaughtered for commercial food production. No live animals were used or harmed
specifically for the purposes of this research.

Formulation Preparation

Two variations of saliva substitutes, comprising a solution intended to be formulated as a spray or mouthwash, and a gel,
with four flavors for each, have been developed by the College of Pharmacy, Rangsit University (RSU). Sweet mint
(SM), sweet vanilla (SV), sweet-sour mint (SSM), and sweet-sour lemon (SSL) were created to serve different taste
preferences. The creation of a solution and a gel also aimed to serve different preferences for the method of application.
All RSU solutions and gels were made from the same base materials (Supplementary Table 1). All materials were

ordinarily used for oral cosmetics or foods.'”

Regarding the saliva substitute preparation, hydroxyethyl cellulose (0.5% and 3.0%) was dissolved in distilled water.
Sodium chloride, potassium chloride, and calcium chloride were added to simulate the ionic content of natural saliva.
Potassium sorbate and propylene glycol were used as preservatives and humectants, respectively. Xylitol, citric acid,
vanilla tincture, lemon, and peppermint oil were added as flavoring agents. All formulations had pH values measured
using a pH meter, which showed a pH of 5.5-7.5. Their viscosity properties were determined using Brookfield’s
viscometer. The formulations were stable, and there was no phase separation after being observed at 2°C—8°C for 3
months.

We also evaluated drinking water, one hospital-based mouth rinse from a government dental school, one commercial
saliva substitute mouthwash (Biotene® mouthwash, Haleon Company, Weybridge, United Kingdom), and one commer-
cial saliva substitute gel (GC Dry Mouth Gel®, GC Corporation, Tokyo, Japan) for comparison.

Swine Tongue Preparation

For studying mucosal wetness in vitro, fresh swine tongues purchased from the centered butcher shop in Pathumthani,
which represents the clinical condition of the human mucosal tongue, were stored at 4°C until use. The swine tongues
were cleaned with normal saline solution and distilled water and dried with a tissue napkin. The temperature of each
swine tongue was measured using a thermometer, and each tongue had a comparable average temperature set at 18°C—
20°C at the beginning of the experiment. A coin with a diameter of 18 mm was placed on the mucosal areas and outlined
with ink as a landmark for dropping each saliva substitute studied. Each swine tongue had 3—4 experimental sites. From
a power of analysis at 80%, 14 sites were chosen for experiments with each formula of saliva substitute and drinking
water. Therefore, there were 168 experimental sites with drinking water and 11 formulas of artificial saliva.
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Allocation of Saliva Substitutes

Two drops of RSU saliva substitute solution (0.05 mL) were distributed onto the marked area from a 1 mL syringe. The
syringe was placed perpendicular to the swine tongue while the sample was being dropped. Artificial RSU salivary gel
was placed on the swine tongue using a plastic stick to spread the sample within the experimental site. The amount of gel
used was 0.05 mL, which is equivalent to the quantity of the solution. Drinking water, hospital-based mouth rinse,
commercial saliva substitute mouthwash, and commercial saliva substitute gel were dispensed using the same pattern as
RSU saliva substitutes.

Measurement of Mucosal Wetness

A Digital Moisture Analyzer/Oral Moisture Checking Device (Mucus®, product number: 441244; Life Co., Ltd.,
Saitama, Japan) was used to measure mucosal wetness according to the manufacturer’s instructions. The device sensor
was covered with a sterile polyethylene disposable bag (thickness, 12 pm) and pressed to the tongue mucosa at 200 g of
pressure until a beeping sound was heard (approximately 3 seconds) at room temperature. Mucosal wetness was
measured three times in the marked region, where each formula of saliva substitute was dropped, and the median
value was used for analysis per the manufacturer’s instructions. Regarding the interpretation of oral dryness in
individuals, values > 29.6% are considered normal, values of 28.0-29.5% are borderline, and values < 27.9% are
low."" One investigator calibrated the method according to the manufacturer’s recommendation until there was no intra-
observer variation and independently measured the oral mucosal moisture value from all 168 experimental sites to avoid
interpersonal variation. The wetness measurement intervals for each experimental site were before the application (pre),
at baseline immediately after dropping the experimental saliva substitute (time: 0 minutes), and 10, 20, 30, 60, and
120 minutes after application. During each interval, the evaporation of the saliva substitute and water was controlled and
minimized by a plastic lid on the swine tongue throughout the study.

Statistical Analysis

The data were analyzed using statistical software (SPSS Statistics for Windows, V.25.0, IBM Corp., Armonk, NY, USA).
The normality of the data distribution was assessed using the Shapiro—Wilk test. Where appropriate, the differences in
relative wetness between a specific saliva substitute formulation at each time point were analyzed by analysis of variance
or the independent ¢—test. The differences in relative wetness between baseline and different times after application were
analyzed by repeated measured analysis of variance with post—hoc analysis by the paired 7—test, respectively. A p value <
0.05 indicates a statistically significant difference.

Results

The measured wetness of the various saliva substitute formulas is shown in Table 1. The mean wetness of all specimens
before application of the saliva substitute (pre) and water was significant (p = 0.034). Therefore, to compare the wetness
resulting from testing various saliva substitute formulas, the relative wetness to pre-application at each site of every
swine tongue was calculated by dividing the wetness value at each time point by the initial wetness value before
application. The relative wetness results show how much the wetness changed at each time point compared with the
initial wetness without any saliva substitute or water application. Consequently, a value > 1 indicates an increase in
wetness (Table 2).

The SSM and SSL formulas showed a similar relative wetness. Similarly, the mean relative wetness of SM was
comparable to that of SV at every time point. However, there were significant differences in relative wetness between
RSU solutions with or without a sour flavor (p < 0.05). SSM and SSL appeared to be more effective in maintaining
higher relative wetness over time than SM and SV. Therefore, RSU solutions were grouped by whether they had a sour
flavor or not into two groups.

Figure 1 shows the relative wetness of water and each saliva substitute (SSM plus SSL and SM plus SV groups) in
solution formulas over time. Saliva substitutes in the solution formula began to show more wetness than water at
20 minutes, and beyond 60 minutes, all solution formulas provided significantly more wetness than water (p < 0.001).
When we compared each solution formula, the RSU solution without a sour flavor was not different in wetness compared
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Table | The Measured Wetness of Drinking Water, Saliva Substitutes in Solution, and Gel Formula

Time Wetness (%) (Mean t SD)
(Minutes)
Water Solution Formula Gel Formula
RSU RSU RSU Sweet- RSU Sweet- Hospital-based Commercial Saliva RSU RSU RSU Sweet- RSU Sweet- Commercial Saliva
Sweet Sweet Sour Mint Sour Lemon Mouth Rinse Substitute Mouthwash Sweet Sweet Sour Mint Sour Lemon Substitute Gel
Mint Vanilla Mint Vanilla
Pre 11.5+23 13.1 £50 | 11.04+25 12.09 + 6.7 103 + 3.6 147 + 6.7 8724 11.2+39 1.1 5.1 114 +46 122 + 45 15.1 + 85
0 385+ 1.6 289 £ 1.6 292 % 1.4 306 1.9 311 £ 19 302+ 1.8 298+ 1.9 305+ 1.9 312+ 14 31419 314+ 13 316+ 1.4
10 340+ 1.8 292+ 19 29.8 £2.2 308+ 1.4 307+ 1.8 304+ 1.3 287 % 1.6 29.9 £2.2 30.0 £ 3.6 30.1 £25 29.7 £2.0 310+ 1.8
20 31.7+ 1.4 287 £2.5 29.1 £2.8 305+ 1.8 300 £23 31.0 £24 300 +23 303 £29 293 +£23 299 £ 1.6 303+ 1.6 318+ 1.3
30 296 £ 1.4 275+ 1.7 288+ 1.3 309 0.5 283 + 3.7 312+£20 285 +22 324+ 1.2 299+ 1.8 29.6 £ 0.8 286 + 3.3 319+ 1.6
60 242 £ 15 303+ 1.7 292 £22 316 £ 2.1 29.0 £2.7 30.0 £2.2 288 +2.2 30719 308 £ 1.2 307 £ 1.9 304 £ 2.1 300+ 1.4
120 22,1 £ 1.6 319+ 14 306 £ 1.7 308+ 1.6 305+ 1.7 284+ 19 272 +£24 305+ 1.2 308 £ 0.9 298 £ 1.0 312+ 1.3 30.7 £ 2.0

Notes: Pre = The initial wetness without any saliva substitute or water application.
Abbreviations: SD, standard deviation; RSU, Rangsit University.
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Table 2 Relative Wetness of Water and Each Form of Saliva Substitute

Time Wetness Ratio (mean t SD) p* pH* pH*
(Minutes) (0-5) (0 vs 1-5) (1 vs. 4)
Formula
Water RSU Hospital- Commercial RSU Commercial
0) Solution (1) Based Saliva Substitute Gel (4) Saliva
Mouth Mouthwash (3) Substitute Gel
Rinse (2) 5)

0 336+ 1.9 307+ 1.0 250 £ I.1 371£12 286 % 1.0 276 £ 1.4 0.053 0.013 0.823
10 292 1.7% 3.04 £ 1.1 252+ 1.1 355+ 1.1 277+ 1.0 266+ 1.3 0.436 0.692 0.473
20 2.75  |.6" 3.00 £ 1.0 251 1.0 367 1.0 277 1.0 276 £ 1.4 0.251 0518 0.726
30 2.58 + | .4% 294+ 1.0 252+ 1.0 351 +£1.0 280+ 1.0 278+ 14 0.182 0.106 0.766
60 211 £ 0.9% 3.00 £ 1.0 241 £ 1.0 357 % 1.1 282+ 1.0 262+ 14 < 0.001 < 0.001 0.760
120 1.88 + 0.8" 3.04 + 1.07 233 + 1.0% 334+ 09" 281 +09 26112 < 0.001 < 0.001 0.334
pHFE <0.001 <0.001 0.012 0.019 0.073 0.052 - - -

Notes: *ANOVA; *#t-test; **repeated measures ANOVA; #p < 0.01 by the paired t-test versus 0 minutes.
Abbreviations: SD, standard deviation; RSU, Rangsit University.

with hospital-based mouth rinse (p > 0.05) and significantly inferior to commercial saliva substitute mouthwash (p <
0.05). However, the RSU solution with a sour flavor had a similar wetness to that of commercial saliva substitute

mouthwash at all times and provided significantly more wetness than the hospital-based mouth rinse at 120 minutes
(» = 0.02).
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Figure | Relative wetness of saliva substitute in solution formulas and water at baseline and at 10, 20, 30, 60, and 120 minutes.
Abbreviations: SSM, sweet-sour mint; SSL, sweet-sour lemon; SM, sweet mint; SV, sweet vanilla.
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Regarding the RSU gel (Figure 2), the highest wetness was observed for the SM gel. However, there was no
significant difference in wetness between the RSU gel formulas of the four flavors. We then compared mean wetness
between RSU gel formulas and commercial saliva substitute gel and water. While the RSU gel initially showed
comparable wetness to water, it showed significantly higher wetness than water at 60 minutes (p = 0.029) and beyond
60 minutes (p = 0.002). The RSU gel formula results were similar to those of commercial saliva substitute gel, which
maintained stable wetness up to 120 minutes (p = 0.052).

Table 2 shows the comparison of the relative wetness between water, RSU solutions and gel formulas, hospital-based
mouth rinse, and commercial products over time. Initially, there was no significant difference in wetness between water
and various saliva substitutes (p = 0.053). Except for the commercial saliva substitute mouthwash, water appeared to be
slightly wetter than artificial saliva at 0 minutes (p = 0.013). However, over time, all saliva substitute consistently showed
higher relative wetness than water, particularly beyond 60 minutes (p < 0.001). The mean relative wetness of the RSU
solution formula (3.02 £+ 0.05) was not significantly different from that of the RSU gel preparation at all combined time
points (2.81 £ 0.03, p = 0.695).

The relative wetness of drinking water decreased over time. Beyond 10 minutes, the relative wetness of water was
significantly decreased compared with 0 minutes and gradually decreased every 10 minutes (p < 0.01). At 60 minutes, the
relative wetness of water was significantly decreased by one—third and was almost decreased by half at 120 minutes
compared with 0 minutes (p < 0.01). In contrast, the RSU saliva substitute solution was as effective in retaining wetness
as the hospital-based mouth rinse and commercial saliva substitute mouthwash; however, they significantly decreased at
120 minutes compared with 0 minutes (p < 0.001, p = 0.012, and p = 0.019, respectively). Notably, commercial saliva
substitute mouthwash showed the most consistent and prolonged effect, followed by RSU and hospital-based saliva

-- 8V

4,00 = = GC Dry mouth gel
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—- SSL

— Water

3.00

Mean Relative Wetness

1.007
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0 10 20 30 60 120
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Figure 2 Relative wetness of saliva substitute in gel formulas and water at baseline and at 10, 20, 30, 60, and 120 minutes.
Abbreviations: SSM, sweet-sour mint; SSL, sweet-sour lemon; SM, sweet mint; SV, sweet vanilla.
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substitute solutions. Interestingly, saliva substitutes in gel formulas (both RSU gel and commercial saliva substitute gel)
maintained wetness without significantly decreasing by 120 minutes (p = 0.073 and p = 0.052, respectively).

Discussion

The effectiveness of various novel saliva substitute formulas in maintaining mucosal wetness was investigated in this
study. The swine tongue was used as the experimental model to mimic the oral mucosa. The wetness of the tongues was
measured by the oral moisture-checking device (Mucus®™) at different time points after each saliva substitute was applied.
The oral moisture-checking device (Mucus®™) effectively measures mucosal wetness and has been previously validated
for its utility in diagnosing dry mouth.'""'* Fukushima et al demonstrated the device’s effectiveness in distinguishing
between individuals with and without dry mouth, showing high sensitivity and specificity in detecting oral dryness."'
Also, a study on dehydrated patients showed a significant correlation between the severity of dehydration and oral
moisture levels as measured by this oral moisture-checking device.'?

Except at the beginning of application, saliva substitute formulas, which are characterized by higher viscosity than
water,’ consistently maintained higher relative wetness than water, which was particularly significant beyond 60 minutes.
This study is consistent with a previous study, which showed the superior effectiveness of saliva substitutes for water in
patients with dry mouths.'®'® Saliva substitutes showed almost threefold relative wetness compared with pre-application
at all time points. This outcome indicates that all saliva substitutes effectively increased wetness upon application and up
to 120 minutes after application, which is similar to results in previous studies.'*** Furthermore, the wetness levels from
all novel saliva substitute applications reached moisture levels similar to those of patients without dry mouth.''

In this study, the wetness of the water significantly gradually decreased every 10 minutes. At 60 minutes, the wetness
of water was decreased by one-third and was almost decreased by half at 120 minutes compared with 0 minutes.
Although water can evaporate into the surrounding air, a plastic cover controlled and minimized this evaporation in this
study. The nature of the water itself could explain our results. Similar to the human tongue, swallowing and speaking
flushes water to the esophagus, which decreases water on the tongue, making it feel drier, especially in patients with a dry
mouth.?' Femiano et al suggested sipping water every 1 hour for patients with dry mouths.?? They showed no significant
symptomatological improvement after 1 hour of water intake. The results of our study are consistent with this suggestion.

Similar to previous reports,*>*-**

saliva substitute solution in this study, commercial saliva substitute mouthwash
showed the most consistent and prolonged effect in maintaining wetness, followed by RSU and hospital-based saliva
substitute solutions. Each solution significantly changed from the beginning of the application to 120 minutes, which is
consistent with Donath et al’s study.'” SSM and SSL maintained wetness over time and were equivalent to commercial
saliva substitute mouthwash and appeared more effective based on their consistently higher relative wetness than SM and
SV across all time points. The RSU solution without a sour flavor was not different in wetness compared with hospital—
based mouth rinse and was significantly inferior to commercial saliva substitute mouthwash. These findings suggest that
SSM and SSL formulas are more effective than SM and SV formulas in maintaining a long-lasting sensation of wetness
in the mouth. Sour flavoring from citric acid or lemon oil may be a beneficial addition to saliva substitute solutions in
terms of providing a longer-lasting beneficial effect in relief of the dry mouth feeling compared with plain salivary
substitutes.”> Mizuhashi et al reported that the effectiveness of moisturizing gels varied according to their flavor.”> The
acidity of citric acid or from Japanese apricot moisturizing gels is effective for continuously increasing saliva secretion in
individuals with oral dryness.?> Further research on the specific ingredients or compositions of saliva substitute solutions
would allow for a more complete interpretation. Additionally, further investigation to understand the particular compo-
nents could help explain the observed differences in effectiveness behind this sustained effect and lead to more success in
retaining moisture between the RSU solutions with and without sour flavor.

In this study, RSU gel initially showed similar wetness to water, but showed a higher wetness than water at 60 minutes
and longer. At 120 minutes, the wetness resulting from the RSU gel was not different from the commercial gel and
remained stable, which is similar to a previous report.”’ Similar to the commercial products, a saliva substitute of the
RSU gel formula provided more stable wetness at 120 minutes than the RSU solution formula.

In this study, we investigated the equivalent quantity of solution and gel spread as a thin film over the experimental
site. Therefore, the observed wetness could reflect the effectiveness of each preparation on the tongue mucosa. The
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detected differences in effectiveness between the solution and gel formulas could be because of several properties, such
as the ingredients and delivery mechanism.” The specific ingredients and their concentrations differed between each
saliva substitute gel and solution formula. Some ingredients might be more effective in gel form, while others might work
better in a solution format. Sprays from a solution might deliver a broader or more uniform coating, while gels might
create a more concentrated area of wetness.” Assy et al examined the criteria for new saliva substitutes according to the
preferences of patients with Sjogren’s syndrome.”® They reported that the ideal saliva substitute had a thin, watery
consistency in spray form, with a neutral flavor, and provided prolonged alleviation of a dry mouth. Additionally, this
substitute should preferably not contain artificial sweeteners or alcohol, should not have a bitter taste, and should not
cause discoloration of the teeth. Further studies on our novel saliva substitute formulas and clinical investigation in
patients with dry mouth need to be performed.

A strength of our findings is that relative wetness was used for the analysis of saliva substitutes. The wetness
measurement also did not affect the obtained results, because a single researcher performed the measurements to avoid
interobserver variation. Although useful results were obtained from this investigation, the study has some limitations.
This was an in vitro study of the swine tongue. Clinical research related to novel saliva substitutes in patients with dry
mouth needs to be performed to confirm the applicability of our findings irrespective of the natural salivary flow or
mechanical movement of the oral cavity.

Conclusion

All novel substitutes offered increased wetness upon application, similar to commercial products from this in vitro study.
The RSU solution with a sour flavor was similar to commercial saliva substitute mouthwash, and the RSU gel was
identical to commercial saliva substitute gel. By 120 minutes, all saliva substitutes were more effective than water in
maintaining mucosal wetness. RSU saliva substitutes in gel formulas showed promise in maintaining constant wetness
and were superior to RSU solutions up to 120 minutes. These findings suggest that these inexpensive formulations could
be a viable alternative for patients with dry mouth who cannot afford relatively more expensive commercial products.
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