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Abstract

Background: To investigate the effect of low-level laser therdp salivary gland function in diabetic patientghw
hyposalivationM ethods. Twelve diabetic patients were recruited. A 940-maium-gallium-arsenide-phosphide low-
power semiconductor diode laser was used to stiedtee major salivary glands with an irradiatiomei of 40 s; this
was done three times a week for 2 consecutive wedelents were given questionnaires related to rdoyth
symptoms. Salivary flow rates, questionnaire respenas well as MUC7, MUC5B and histatin 5 proteitivary
concentrations were assessed at the first and sigits after laser therapy as well at the 6-weekoWw-up visit.
Results: The unstimulated salivary flow rate and MUC5B camtcation at the follow-up visit significantly ireased ff
< 0.01). Histatin 5 concentration significantly dexsed at the follow-up visit compared with thatha first visit p <
0.05). The mean dry mouth score revealed a sigmfidecrease in dry mouth symptoms at the sixibassl follow-up
visit compared with those at the first vigit€ 0.001). The positive correlation between dry rhostore and flow rate
was the strongest at the sixth visif £ 0.549).Conclusions. Low-level laser therapy increased the salivaryflate
and decreased dry mouth symptoms in diabetic gatien

Keywords: diabetes, hyposalivation, laser therapy, salivary proteins

| ntroduction tissues from the outer environment and to hydratt a
lubricate the oral cavity. Furthermore, mucins &d
Saliva is composed of approximately 99% water; the mastication, speech and swallowing and are involaed
remaining 1% consists of electrolytes and seveyad agglutinating oral microorganism$. There are two
of macromolecules, including antimicrobial factdfs. mucin isoforms based on molecular weight (MW): high
Approximately 65% of unstimulated whole saliva MW (>1000 kDa) gel-forming MUC5B and low-MW
comes from the submandibular glands, 20% from the (120-150 kDa) MUC?.MUCS5B lubricates oral surfaces
parotid glands, 7%—8% from the sublingual glandd an due to its hydrophilic carbohydrate properties. MUC
5%-8% from the minor salivary glands. However, when has a shorter oligosaccharide side chain than MUC5B
stimulated, saliva from the parotid glands increate however, MUC5B binds to fewer oral microorganisms
approximately 50% of the whole saliva volume anel th  than MUC7?
remaining 50% comes from the other salivary glaasls
well as the gingival crevicular fluit? Saliva has several Histatins are histidine-rich antimicrobial peptides

functions, which include lubricating the oral cgvand produced from all major salivary glands and arevkmo
protecting against pathogens with defensive pretein for their antifungal activity. A study revealed that
such as mucins and histatifs. histatin 5, a histatin subtype, has remarkable ittida|

and fungistatic activities againdtandida albicans.’
Mucins are salivary glycoproteins that are mostly Salivary gland hypofunction includes subjective pjoms
secreted by the submandibular glafi@$he function of and objective signs of dry mouth that, in most sasee
mucin in the salivary defence system is to proteel related to systemic diseases, such as Sjogrentsaye,
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hypertension and diabetes mellifuSome studies have
reported an association between diabetes mellids a
hyposalivation. Type 1 and 2 diabetic patients staow
high prevalence of dry mouft.

A study has demonstrated that the MUC5B conceatrati
tends to decrease in patients showing hyposalivatio
However, another study found that MUC5B and MUC7
concentrations were not significantly differentveegén
Sjogren’s syndrome patients with oral dryness and
controls’ Moreover, a decrease in histatin 5 concentration
was related to an increased susceptibility to funga
infection™ Thus, we speculated that mucin and histatin
5 concentrations are decreased in diabetic patieitis
hyposalivation.

Dry mouth symptoms can be relieved by modifying
eating/drinking habits and using salivary substut
lubricants or sialogogues to stimulate salivarywffo
however, the lubricating effect lasts for only asd as
these agents are used.

A recent study demonstrated that low-level laserapy
(LLLT) or biostimulation increased the salivary o
rate’® LLLT involves the noninvasive and safe clinical
application of light at a power ranging from 50 nt@/
500 mW and wavelength ranging from 630 nm to 980
nmX LLLT significantly increases the salivary flow eat
in xerostomia patients'*and has been demonstrated to
be an effective noninvasive treatment in patienth w
mouth drynes¥’ To the best of our knowledge, the
effect of LLLT on the major salivary glands of déic
patients with hyposalivation has not been reporied.
hypothesised that use of LLLT on the major salivary
glands would improve the salivary flow rate, and we
evaluated the quality of saliva by measuring MUC?7,
MUCS5B and histatin 5 levels in diabetic patientdhwi

hyposalivation

Methods

Participant recruitment. The study protocol was
approved by the Ethics Committee of Bangkok Hogpita
Bangkok, Thailand, in accordance with the ethical
standards of the Declaration of Helsinki.

Twelve diabetic patients who visited the diabetioic

at Bangkok Hospital from November 2015 to April
2016 were recruited on a voluntary basis. The diabe
patients were diagnosed by a physician accordirgnéo
of the following four criteria: 1) Hb4: level of> 6.5%,
2) fasting plasma glucose level afl26 mg/dL (7.0
mmol/L; fasting was defined as no caloric intake db
least 8 h), 3) 2-h plasma glucose leve8D0 mg/dL
(11.1 mmol/L) during an oral glucose tolerance tasd
4) random plasma glucose level ®200 mg/dl (11.1
mmol/L)*® The estimated sample size was 10 participants.
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Alpha was set to 0.05, power to 90%, with standard
deviation referred to form our pilot study (0.14nd
expected difference after LLLT. As our inclusion
criteria is USFR less than 0.25 mL/min and mean of
adult USFR is 0.40 mL/min.

The patients were initially approached by givingrth

an educational brochure on diabetes-related omthhe
issues. Only patients diagnosed with hyposalivatin
unstimulated salivary flow rate (USFR) of <0.25
mL/min, were recruited. The following patients were
excluded: those aged <18 years, those who were
pregnant, those diagnosed with oral or maxillofacia
neoplasms, those who consumed >1 drink per day
(women) or 2 drinks per day (méh)and those who
used illicit drugs (long-term regular injection aioids,
amphetamines or cocain®)A brief medical history of
each patient was taken as supporting information.

Low-level laser therapy (LLLT). Each patient
underwent an oral examination prior to laser thgrap
Laser therapy was performed by a dentist at Bangkok
Hospital, during which the parotid and submandibula
glands were extraorally exposed and the sublingual
glands were intraorally exposed. Slow circulatingelr
movements were performed during therapy to ensure
comprehensive treatment of the gland area. Theasgli
glands were stimulated with a 940-nm indium-galkum
arsenide-phosphide low-power semiconductor diode
laser (EpicV'10, Biolase Inc, Irvine, CA, USA).
Stimulation was performed three times a week for 2
consecutive weeks. The dentist and patients wore
protective eyeglasses during the procedure. Each
parotid, submandibular and sublingual gland was
stimulated using 0.1 W output power for 40 S/area.

An energy density (ED) of 4 J/émas used based on
previous studigd!**>19% glong with the following
equation: ED (J/cA) = W x s/cm.

Salivary flow rate measurement. Saliva was collected
three times at the first visit prior to laser theraat the
sixth visit after laser therapy and at the 6-wealofv-

up visit. Unstimulated and stimulated whole saliva
collection was performed from nine in the mornig t
noon using standard techniques as described by
Navazesh and Christens&Prior to saliva collection, the
patients were instructed to stop eating, drinkimgl a
smoking for 1 h. For unstimulated saliva collectitime
patients were directed to lean forwards and sptrth
saliva for 5 min into a sterilised plastic cup thats pre-
weighed using a digital scale (Denver Instrument
Balance, Bohemia, NY, USA). The collection procedur
was repeated two more times. The USFR was calculate
using the mean weight of the three saliva samples
divided by 5 mins.

To stimulate saliva flow, the patients were instedcto
chew 1 g of tasteless paraffin (Parafilm, Neenat, W
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USA) and to not swallow their saliva during chewing
Those with dentures were directed to chew the fiaraf
without removing their dentures. All patients wéokd

to spit their saliva into a pre-weighed plastic @ygry

30 s for 2 mins. The collection procedure was reguba
two more times. The stimulated salivary flow rate
(SSFR) was calculated using the mean weight of the
three saliva samples divided by 2 min.

Enzyme-linked immunosorbent assay (ELISA) (MyBio-
Source, San Diego, CA, USA) was performed to detexm
MUC7, MUCS5B, and histatin 5 salivary protein levels
Unstimulated saliva was used for mucin analysis as
mucins are mostly produced from the submandibular
and sublingual glandswhereas stimulated saliva was
used for histatin 5 analysis because the paroaddy,
where histatin 5 is produced, are more involved in
stimulated saliva secretidnELISA was performed in
triplicate following the manufacturer’s instructgn

Dry mouth symptoms. A questionnaire related to
xerostomia was given to each patient three timethea
first visit before laser therapy, at the sixth wiafter
laser therapy, and at the 6-week follow-up visit.
Because dry mouth symptoms are subjective, a self-
administered questionnaire was used to assess
xerostomia symptoms. The 11-item questionnaire, as
modified from the Xerostomia Inventory-Dutch
Versiorf, is shown in Table 1. A visual analogue scale
was used to quantify the response of each item [not
agree (0) to totally agree (10)]. The mean dry mout
score and the correlation between dry mouth scode a
salivary flow rate were analysed for each visit.

Statistical analysis. Statistical analysis was performed

using SPSS Statistics for Windows, version 22 (IBM
Corp, Armonk, NY, USA). Statistical analysis was

performed using non-parametric tests because ttee da
were not normally distributed. Salivary flow rate,

salivary protein concentrations and dry mouth sdore

rates, salivary protein concentrations and dry imout
scores were presented in tables. Correlation betwee
mean dry mouth score and salivary flow rate duthmey
different visits were analysed using Spearman task
Dry mouth scores were reversed prior to analysis, 8
became 2). Mean dry mouth scores per visit and
correlation between mean dry mouth scores andasgliv
flow rate during the different visits were presehia
tables. Ap-value of <0.05 was considered significant.

Results

Twelve diabetic patients (6 males and 6 femalesl age
37-86 years) were recruited. All patients partitapa
until the sixth visit, and 10 patients returned foe 6-
week follow-up visit.

Unstimulated Salivary flow rates (USFR). A trend of
increased USFR was demonstrated over the study
period (Table 2). There were significant incredsethe
USFR between the first and sixth visifs=£0.005) and
between the first visit and the 6-week follow-ugivip

= 0.005). No significant difference was found betwe
the sixth visit and the 6-week follow-up visip E
0.241).

Stimulated Salivary Flow Rates (SSFR). The results
exhibited a trend of increased SSFR over the cooirse
the study (Table 2however, there were no significant
differences during the visits at the three différtmes
(p> 0.05).

Salivary Proteins. MUC7, We found a trend of
decreased MUC7 concentration over the course of the
study (Table 2) Although slight decreases werecedti

at the sixth visit and the 6-week follow-up viditere
were no significant differences during the visitstle
three different timesp(> 0.05).

MUCSEB. The results showed a trend of increased

each item were assessed USing the Friedman teStMUCSB Sa”vary concentration; however, a S||ght

followed by the post hoc Wilcoxon signed-rank test
determine significant differences. Mean salivanywfl

Table 1. Questionnaire Items

Question

I sip liquids to aid in swallowing foofSIP-LIQ)

My mouth feels dry when eating a méBRY-MEL)
| get up at night to drinkNGT-DRK)

My mouth feels drf{MTH-DRY)

I have difficulty eating dry foodéDIF-DRY)

I suck sweets or cough lozenges to relieve drytmou
(SWT-DRY)

My lips feel dry(LIP-DRY)

I have a lot of dental cari¢®EN-CAR)

I have bad breat(BAD-BRH)

My tongue sticks to my pala(@NG-PLT)

I have bleeding when brushifBLD-BRS)

oo s wn R

7
8
9

10
11
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decrease was noted at the sixth visit (Table 2gr&h
was no significant difference between the first aixth
visits (p = 0.875). In contrast, significant increases were
found between the first visit and the 6-week folaop
visit (p = 0.037) and between the sixth visit and the 6-
week follow up visit p =0.028).

Histatin 5. Although the sixth visit showed slightly
increased histatin 5 salivary concentrations, therall
trend demonstrated decreased histatin 5 concemntirati
(Table 2). Histatin 5 concentrations did not sigaiftly
differ between the first and sixth visitp € 0.530).
Nonetheless, significant decreases were found legtwe
the first visit and the 6-week follow up visj €0.047)
and between the sixth visit and the 6-week follogv u
visit (p =0.022).

April 2018 | Vol. 22 | No. 1
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Table 2. Mean Salivary Flow Rates, Salivary Protein Concentrations and Dry M outh Scores

. - 6-week "
First visif End of therap¥/ follow-up visit p
USFR 008" o1t © ot
(mL/min + SD) 0.14 £ 0.0 0.29+0.1 0.32+0.1 <0.01
SSFR N . .
(mL/min + SD) 0.79 £ 0.47 0.92 £0.43 0.94 +0.42 0.232
MUC7
(ng/mL + SD) 3.29+5.36 2.49 £ 4.05 2.43 +5.04 0.519
MUC5B N 8 . 5 . &b
(ng/mL + SD) 9.15+5.1 8.08+29 13.78 + 8.6 <0.05
Histatin 5 N » . " . b
(ng/mL + SD) 192.10 £ 141.5 234.86 + 245. 100.89 + 8.6 <0.05
Dry mouth score
y 4.05 + 3.28" 1.26 +1.18 1.03+1.18 <0.001

(x £ SD)

"BaselineEnd of therapy
*Friedman test

38Groups with the same superscript letterssapeificantly different according to the Wilcoxoiysed-rank test.

Table 3. Mean Dry Mouth Scores of Each Questionnaire Item per Visit

Vi

V2

V3

Questionnaire ftems (mean £ SD) (mean £ SD) (mean £ SD) P

SIP-LIQ 2.42 +2.87 0.92 £ 0.99 0.90+0.99  0.291
DRY-MEL 3.08 +3.53 1.50 + 0.79 1.10 + 0.99 0.483
NGT-DRK 3.83+3.27 0.92+0.79 1.33+1.06 0.042
MTH-DRY 4.75 + 2.89° 1.50 +P° 0.80 + 0.68° 0.002
DIF-DRY 2.42 +2.87 1.33+0.98 1.20+1.13 0.965
SWT-DRY 2.67 +2.96 1.08 +1.38 0.60+0.84  0.070
LIP-DRY 5.67 + 3.14° 1.17 +0.83 1.60 + 1.58 0.001
DEN-CAR 3.92 + 3.50° 1.75+1.9%1 1.40+1.78 0.042
BAD-BRH 4.5 +3.87 1.58+1.62 1.70 +1.83 0.016
TNG-PLT 4.00 + 3.69 1.00+0.74 0.70+0.67  0.072
BLD-BRS 2.17 +2.17 0.83+0.94 1.20 +1.39 0.28

V1: Baseline; V2: End of therapy; V3: 6-week follaye-visit

*Friedman test

abCGroups with the same superscript letters are sogmifly different according to the Wilcoxon signeshk test.

Table 4. Correlation between M ean the Dry Mouth Score and Salivary Flow Rate during the Different Visits

USFR SSFR
Sixth visit* 6-week Sixth visit* 6-week
follow-up visit follow-up visit
Mean dry mouth 0.549 0.102 0.387 0.121
score* (p=0.064) (p=0.778) (p=0.215) (p=0.740)

*End of therapy

*Based on questionnaire items 4 and 7

mouth score were found between the first and sixth
visits (p < 0.001)and between the first visit and the 6-
week follow-up visit p < 0.001) Although a slight

Dry Mouth Score. The mean dry mouth scores
demonstrated a decreasing trend over the courfieeof
study (Table 2). Significant decreases in the mign

Makara J. Health Res. April 2018 | Vol. 22 | No. 1
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decrease was observed between the sixth visithemn€-t
week follow-up visit, the difference was not sigedant
(p = 0.268).

The mean dry mouth scores for each questionnaine it
are seen in Table 3. Item 7 (my lips feel dry) tiael
highest mean score (5.67 = 3.14) at the first Vvisit
followed by item 4 (my mouth feels dry) (4.75 + 2)8
and item 9 (4.5 + 3.87) (I have bad breath). I1tdms, 3

(I get up at night to drink), 8 (I have a lot ofndal
caries) and 9 showed significant decreases frorfirgte
visit to the 6-week follow-up visitp(< 0.05 for items 3,

8 and 9 andp < 0.01 for items 4 and 7) (Table 3).
However, only item 4 exhibited a significant time-

with the presence of proinflammatory cytokif&Biabetes

is an inflammatory disease; thus, the higher mucin
concentration found in our study is likely due t@anges

in proinflammatory cytokine levels in the salivary
glands of diabetic patient8LLLT-induced significant
increase in MUC5B concentrations found at the 6kwee
follow-up visit may have resulted from the bio-
modulatory effect of LLLT on the major salivary gts.

We observed a lower concentration of MUC7 than of
MUCS5B, which is consistent with a previous report
demonstrating that MUCS5B is the predominant mugin i

saliva®**Our results showed that the MUC7 concentration
was higher than normal (3.29 + 5.36 ng/mL vs 0.06—

dependent decrease. Only items 4 and 7 were used in0.32 ng/mL}’ and did not significantly increase by

the correlation analysis at the sixth visit and €&l
follow-up visit because they best represent dry tmou
The results revealed no significant differencesveen
mean dry mouth scores and salivary flow rates at th
sixth visit and 6-week follow-up visit (Table 4).
However, the strongest positive correlation between
these parameters was found at the sixth vigit (~549).

Discussion

The present study evaluated the effect of LLLT on
major salivary gland function in diabetic patiemigh
hyposalivation. Our findings showed that LLLT tceth
major salivary glands significantly increased thBRR
and MUCS5B salivary concentration and alleviated
patients’ dry mouth symptoms.

We found that LLLT increased the USFR in diabetic
patients; however, the elevation in SSFR was not
significant. The normal USFR is at least 0.25 min/fni
and the mean USFR of 0.14 mL/min found at the first
visit was below this value. After LLLT, the mean
USFR, but not the SSFR, increased to within thenabr
range. Our results are consistent with those of a
previous studyon subjects with hyposalivatidh?
These findings may result from LLLT inducing ATP
production by activating the electron transporticha
mitochondria®® stimulating cell function. However.
LLLT did not improve eithethe USFR or xerostomia in
patients undergoing radiotheraffythis may be due to
acinar atrophy and chronic salivary gland inflamiomat
which may lead to necrosiSjmplying that LLLT is not
effective on atrophic glands and suggesting that th
response of the major salivary glands to LLLT dife
under physiological and pathological conditions.

The typical MUC5B concentration in unstimulated Veho
saliva ranges from 0.05 ng/mL to 0.78 ng/MLSur-
prisingly, our patients showed much higher conegioins
of both mucins compared with the normal valuescvhi
could possibly be explained by the difference ilivaay
protein content in diabetics compared with non-eliiis.
Increased MUCL1 concentrations in saliva are astattia

Makara J. Health Res.

LLLT. MUC7, but not MUC5B, is localised in serous
acini in the sublingual, submandibular, lingual and
palatine glandd® The slight decrease in MUC7
concentration in our study may be due to damaged
serous acini in diabetic patients.

A previous study revealed lower salivary histatin
concentrations in diabetic children than in corstfdl
suggesting that the antifungal and bacterial enzyme
inhibition activities of histatin may not be optimia
diabetic patients. However, further investigaticen®
necessary to resolve these issues. We found tlkeat th
salivary histatin 5 concentration significantly degsed

at the 6-week follow-up visit, which does not agvath

the result of a previous investigation demonstcathmat
LLLT had a mild disinfecting effect again€t albicans

and reduced inflammation in denture stomatitis
patients Previous studies concluded that serous cells
in the parotid glands of diabetic patients are prom
intracellular lipid accumulatioff****3this may explain
the decreased histatin 5 concentrations found in ou
study because serous cells in the parotid glands ar
involved in secreting this proteinMoreover, dissimilar
levels of diabetes severity among the patiémteur
study may have resulted in different acinar cefiction
between them as most diabetic patients take maltipl
drugs, whose use is related to salivary gland
hypofunction? The decreased histatin 5 concentration at
the follow-up visit supports the insignificant iease in

the SSFR found in our study, suggesting that thetjoh
glands of diabetic patients are more sensitivativary
gland impairment, given that the parotid glands
contribute to stimulated salivary secretion andatiis 5
production.

As indicated by the dry mouth score results, LLLT
decreased the subjective dry mouth symptoms
throughout the course of our study, which is ir limith
previous reports that found that LLLT effectively
reduced dry mouth symptorfsi**>** Among all
questionnaire items, item 4 (my mouth feels dry)
demonstrated the highest mean score prior to LLLT,
indicating that the major subjective sign of dryutiois

April 2018 | Vol. 22 | No. 1
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the feeling of dryness inside the mouth, as found i achieve optimal results in diabetic patients. Tlghs
previous study? decrease in MUC7 concentrations observed in oaystu

may be a result of damage to the sublingual, subman
The questionnaire analysis revealed that items ¥ (m dibular, lingual and palatine gland serous cellgha
mouth feels dry) and 7 (my lips feel dry) signifitiy diabetic patients. Applying laser therapy over tfiaor
decreased following LLLT, indicating that laser réyey glands as well as the major salivary glands mayltres
reduces diabetes-induced dry mouth symptoms. A even higher increases in salivary flow and qualitys
previous study also found an association between should be explored in future studies. To the béstuo
diabetes and dry mouth symptofidt is important to knowledge, our report is the first to use LLLT dret
note that item 4 significantly decreased at eadit,vi salivary glands in diabetic patients. However, vty 0
indicating that LLLT alleviated most dominant dry evaluated a few diabetic patients due to the lighite
mouth symptoms in the present study. study duration and difficulty in recruiting patisnt

The strongest positive correlation between meardtie Conclusions
mouth score and the salivary flow rate was seetheat

sixth visit, implying that the maximum reduction dny LLLT is a beneficial approach to elevate the USFR a
mouth symptoms was achieved after the sixth laser MUC5B concentration and to decrease dry mouth
exposurehowever, no significant differences were found  symptoms in diabetic patients with hyposalivation.
among the visits. These results are similar toeghufsa

previous study® which concluded that decreased dry Acknowledgement
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