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Abstract. — OBJECTIVE: This study aimed to
evaluate the effect of photodynamic therapy (PDT)
on the salivary flow rate, secretory immunoglobulin
A, and C-reactive protein levels in active smokers.

PATIENTS AND METHODS: The present study
is a prospective case-control study. Twenty active
smokers were allocated to two groups randomly
of ten participants each: the experimental group
was irradiated while the control was exposed to
sham irradiation by turning off the equipment. In
the experimental group, methylene blue mediated
PDT was applied both intra- and extra-orally over
the major and minor salivary glands using a diode
laser. 780 nm wavelength and 4 J/cm? of energy
were used to irradiate the 10 points of major sali-
vary glands (6 for parotid and 2 for submandibu-
lar glands and 2 for sublingual glands). On the oth-
er hand, 660 nm was used to apply 10 J/cm? of en-
ergy over the minor salivary glands at numerous
points. The samples of the stimulated and unstim-
ulated saliva were collected from both groups to
assess the SFR. ELISA method was used to as-
sess the level of salivary IgA levels, statistical
analysis was done using a One-way ANOVA, and a
p-value of <0.05 was considered significant.

RESULTS: The results showed a significant in-
crement in salivary and secretory immunoglobu-
lin A levels of subjects undergone photodynamic
therapy. C-reactive protein levels were significant-
ly decreased in subjects exposed to irradiation.

CONCLUSIONS: The present study con-
cludes that photodynamic therapy significant-
ly improves the salivary flow rate, secretory Im-
munoglobulin A, and oral health quality of life
in smokers. The inflammatory salivary mark-
er C-reactive protein, which is usually raised in
smokers, is also reduced.
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Introduction

Saliva is an alkaline, viscous translucent fluid
product of the acinar cells of the salivary glands.
It plays a fundamental part in the maintenance of
physiological and microbiological balance within
the oral cavity'. The principal role of saliva is the
protection of oral mucosa by serving as a lubri-
cating mucoid secretion. Its secondary functions
include starch digestion by catabolic action of en-
zymes, cleansing of the oral cavity, facilitation in
speech, neutralizing acidic environment owing to
its buffering capacity, and antimicrobial action’.

Globally, cigarette smoking ultimately results
in approximately seven million deaths annually’.
Saliva is the first biological fluid that is exposed
to cigarette smoke that comprises of several tox-
ic formulations responsible for cytotoxic, muta-
genic, and carcinogenic alterations®. When the
harmful effect of cigarettes impacts the salivary
glands, the first to be affected is the parotid gland
whose role is the secretion of watery saliva. The
loss of its function is compensated by subman-
dibular and sublingual glands which secrete thick
mucus saliva®. Evidence suggests that cigarette
smoke obliterates protective macromolecules of
saliva, enzymes, and proteins, thus compromis-
ing the protective function of saliva. Subsequent-
ly, the exposure of saliva to cigarette smoke acts
as a harbinger of carcinogenesis and malignancy®.

One of the consequences of smoking is the di-
minished quantitative flow of saliva. The evidence
indicates that smoking is one of the most influential
extrinsic factors that cause a reduction in salivary
secretions’. Macgregor comprehensively reported
that long-term smoking significantly reduces sal-
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ivary flow rate (SFR) and subsequently increases
the risk of dry mouth and xerostomia®. Within the
salivary secretions, secretory immunoglobulin A
(sIgA) constitutes the predominant immunoglob-
ulin isotype that acts as the initial line of defense
of the host against the colonizing and invading
pathogens bathed by external secretions’. Previous
studies'® have conclusively proven the detrimental
effect of smoking on the IgA concentration of sa-
liva that compromises its protective function. Giu-
ca et al'® conclusively established the inextricable
dose-depended relationship between smoking and
decreased sIgA levels in the saliva.

C-reactive protein is an acute phase protein in-
flammatory marker synthesized primarily in the
liver that is found in both serum and saliva. Due to
the non-invasive nature of saliva, it is now a com-
mon practice to use it as a substitute for serum in
order to assess the CRP levels to detect infectious
or inflammatory conditions!'. There is a paucity of
data concerning the association of salivary CRP
levels with smoking. Azar and Richard'? reported
significant CRP levels in active smokers compared
to passive and non-smokers in 2011.

Photomodulation therapy involves controlling
the molecular and cellular functions of the tis-
sue irradiated by the laser light that produces a
non-thermal healing effect. The potential ther-
apeutic efficacy using photobiomodulation may
be impacted by various properties such as wave-
length, energy density, and penetration depth of
the laser*'®. Photodynamic therapy (PDT) is a
widely accepted treatment used to tackle a multi-
tude of diseased conditions by inducing beneficial
therapeutic changes'®?. PDT involves inducing
non-thermal effects in an irradiated tissue with a
low-powered laser in order to accelerate healing,
relieve inflammation and pain and subsequently re-
store function via the released photon energy?’. Re-
portedly, PDT has been employed to increase the
quantity and quality of saliva in xerostomia-related
conditions in a number of studies. According to the
results of a study conducted by Vidovi¢ Juras et al*®
the application of PDT to the major salivary glands
of xerostomia patients resulted in significant pro-
duction levels of saliva. The study also reported an
increment in the concentration of sIgA thereby, the
anti-microbial potential of saliva?®.

The aim of the current study was to compre-
hensively evaluate the effect of PDT on SFR,
slgA, and CRP levels in active smokers in order
to establish PDT as a treatment modality that can
holistically improve the salivary secretions both
in terms of quality and quantity.
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Patients and Methods

Ethical Approval and Research Protocol

The present study protocol was approved and
conducted in agreement with the ethical standards
of principles of the Declaration of Helsinki. All
participants gave their informed consent in writ-
ten form. The study protocol describing the aims
and objectives of the clinical study was provided
to all the recruited participants.

Study Groups

The present study was a prospective case-con-
trol study. Twenty male active smokers were allo-
cated to two groups randomly of ten participants
each: the experimental group was irradiated
while the control was exposed to sham irradiation
by turning off the equipment.

Sample Selection

All participants were healthy, with no acute or
chronic illnesses. Subjects with a history of recur-
rent infections, atopic diseases, or any suspected
immunological disorders and those who suffered
from any type of xerostomia or had any oral in-
flammatory lesions were excluded from the study.
A questionnaire was used to collect demograph-
ic data, medical history, dental health status, and
duration and frequency of cigarette smoking.

Procedure

In the experimental group, PDT was applied
both intra- and extra-orally over the major and
minor salivary glands using a soft tissue diode
laser. 780 nm wavelength and 4 J/cm? of energy
were used to irradiate the 10 points of major sali-
vary glands (6 for parotid and 2 for submandibular
glands and 2 for sublingual glands). On the other
hand, 660 nm was used to apply 10 J/cm? of energy
over the minor salivary glands at numerous points.
Each patient received a total of applications, each
lasting 120 seconds for 10 consecutive days.

Saliva Sample Collection

The whole unstimulated and stimulated saliva
were collected and quantified just before the first
and after the tenth application of PDT as described
in the previous protocol®. The sample was collected
between 9-11 a.m., at least two hours after the last
food or drink intake. Under resting conditions, while
participants were sitting with their heads bent slight-
ly forward, just after saliva swallowing, participants
spat whole unstimulated saliva every 1 minute into
calibrated containers (0.1 ml) for five minutes.
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Later they were instructed to rinse their
mouths with 50 ml of 1% ascorbic acid solution
for one minute. After swallowing, participants
spat whole stimulated saliva into other calibrated
tubes for the next five minutes. Unstimulated and
stimulated salivary flow rates were recorded for
each participant and expressed in milliliters per
five minutes.

Enzyme-Linked Immunosorbent Assay
(ELISA)

The samples of unstimulated whole saliva were
frozen and stored at -20°C until used for sIgA de-
termination. sIgA concentrations were measured
by using a commercially available indirect com-
petitive enzyme immunoassay kit (Salivary SIgA
EIA kit, Salimetrics, State College, PA, USA).
CRP in saliva was measured using Salimetrics’
salivary CRP ELISA kit (State College, PA, USA)
according to the manufacturer’s instructions.

Statistical Analysis

The data were incorporated into Word Excel
and computed using a specialized statistical soft-
ware [SPSS Version 20, (IBM Corp., Armonk, NY,

USA)]. Normality testing was initially performed
using Kolmogorov-Smirnov test. All parameters
were compared using the analysis of variance and
Bonferroni post-hoc adjustment tests. The result-
ed p-value was set at less than 0.05.

Results

The salivary flow rates obtained from the cas-
es and controls before and after the procedure
were reported along with the corresponding dif-
ferences between the flow rates measured before
and after each exposure.

According to the results, PDT irradiated group
showed a quantitative increment in SFR in the
cases. The quantity of unstimulated saliva grad-
ually increased during the study, from 0.6+0.3
mL/5 min just before the first PDT, and after the
10" LLLT 0.9£0.6 mL/5 min. The quantity of
stimulated saliva was 1.440.6 mL/5 min at the
beginning and it increased after the 10® PDT to
2.3+1.0 mL/5 min. This increase in the cases was
statistically significant (Figure 1).
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Figure 1. Salivary flow rate in cases before (1* day) and after (10™ day) photodynamic therapy application.
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Table 1. Comparison between salivary IgA levels in both cases and controls before (1% day) and after (10" day) photodynamic

therapy application.
IgA levels (mg/5 min) Before PDT (1°* day) After PDT (10 day) p-value
Cases 236.1£125.8 287.7+171.6 <0.05
Controls 236.1£125.8 234.1x124.6 <0.05

The quantity of sIgA in unstimulated sa-
liva secreted in 5 min just before the PDT was
236.1+125.8 mg/5 min. Immediately after the 10
LLLT it was significantly higher (287.7x171.6
mg/5 min) in the cases (Table I).

The CRP levels showed significant decrement af-
ter PDT was applied. The CRP concentration before
the start of the PDT was recorded at 118.1£17.8 in
both cases and controls. After the 10" day, 81.7+17.6
of CRP levels were reported in the cases, indicating
a significant decrease after PDT (Table II).

Discussion

The present study reported significant results
in SFR, slgA, and CRP levels between cases and
control groups. The case group exposed to irradi-
ation recorded better quantities of saliva flow and
protective antibodies in the saliva. A significant
decrease in CRP levels was seen in cases as com-
pared to controls after the PDT.

Both stimulated and unstimulated saliva re-
ported significant levels of increment in the cases
after the end of the 10-day period thereby, indi-
cating an overall increase in the SFR. The results
of a study by Terlevi¢ Dabi¢ et al** showed PDT
at a wavelength of 830 nm increased unstimu-
lated salivary flow rate significantly in contrast to
the stimulated salivary flow rate that did not in-
crease significantly after the procedure in patients
of drug-induced hyposalivation. LonCar et al’!
concluded that utilization of PDT on the salivary
glands in patients with xerostomia not only raised
the salivary flow but also induced regenerative ef-
fects in salivary glands additionally. The present
study also incorporated the same parameters in
PDT and met with successful results.

Our present study recorded significant increase
in sIgA levels of the cases after 10 days of the
application of PDT. Similar results were reported
by Juras et al. that showed that PDT significantly
increased sIgA in patients of mouth dryness after
a month of the procedure®. In another study by
Dostalova et al** positive association was found
between concentration of salivary sIgA and lyso-
zyme in the saliva after PDT application at 830
nm of wavelength in patients undergone third mo-
lar surgery. It can be speculated that the increase
of sIgA is that PDT catalyzes the differentiation
of B lymphocytes, into plasma cells that subse-
quently contribute to increased levels of immu-
noglobulin®.

The effect of PDT on the salivary CRP levels
haven’t been explored before. Our study shows
a significant decrease in CRP levels of smokers
who have undergone PDT. This specific result
demonstrates that, in addition to improving the
flow rate and increasing the sIgA levels, PDT also
has an anti-inflammatory effect on the salivary
composition. These anti-inflammatory effects are
represented by lower levels of CRP after PDT,
that are usually raised in the smokers.

Conclusions

The present study concludes that PDT sig-
nificantly improves the SFR and sIgA. The in-
flammatory salivary marker C-reactive protein,
which is usually raised in smokers, was also
reduced. Therefore, with substantial results in
hand, we believe that PDT as a treatment mo-
dality can holistically improve the salivary se-
cretions both in terms of quality and quantity in
active smokers.

Table II. Comparison between salivary CRP levels in cases and controls before (1* day) and after (10" day) photodynamic

therapy application.

CRP levels (mg/5 min) Before PDT (1t day) After PDT (10 day) p-value
Cases 118.1£17.8 81.7£17.6 <0.05
Controls 118.1£11.8 119.1£12.6 <0.05

2736



The effect of PDT on salivary flow rate, IgA concentration and Creactive protein levels in active smokers

Conflict of Interest
The authors declare that they have no conflict of interests.

Funding

The authors extend their appreciation to the Deanship of
Scientific Research at King Khalid University for funding
this work through Small Groups project under Grant num-
ber RGP.1/197/43.

Authors’ Contributions

Conceptualization, MSH, MAK, MLM, methodology,
MSH, SMK, SS, MA, formal analysis, MLM, MSH, MAK
data curation, MAK, SS, MA, writing-reviewing, and ed-
iting, MSH, MAK, supervision, MSH, MAK, project ad-
ministration, SMK, SS, MA. All the authors have read and
agreed to the published version of the manuscript.

Data Availability
Data are available on reasonable request.

Informed Consent
All participants gave their informed consent in written form.

Ethics Approval

The study was approved by the Ethical Committee of King
Khalid University College of Dentistry (No. KKUCOD/
ETH/2022/229).

References

1) Liu J, Duan Y. Saliva: a potential media for dis-
ease diagnostics and monitoring. Oral Oncol
2012; 48: 569-577.

2) Kumar B, Kashyap N, Avinash A, Chevvuri R,
Sagar MK, Kumar S. The composition, function
and role of saliva in maintaining oral health: A re-
view. Proteins 2017; 220: 140-640.

3) World Health Organisation. WHO global report on
trends in prevalence of tobacco smoking 2000-
2025 (third edition). Geneva: World Health Organi-
zation; 2019. Available at: https:/www.who.int/publi-
cations/i/item/who-global-report-on-trends-in-prev-
alence-of-tobacco-use-2000-2025-third-edition.

4) Rad M, Kakoie S, Brojeni FN, Pourdamghan N.
Effect of long-term smoking on whole-mouth sal-
ivary flow rate and oral health. J Dent Res Dent
Clin Dent Prospects 2010; 4: 110-114.

5) Petrusi¢ N, Posavac M, Sabol |, Mravak-Stipeti¢
M. The effect of tobacco smoking on salivation.
Acta Stomatol Croat 2015; 49: 309-315.

6) Wirth R, Maro6ti G, Mihék R, Simon-Fiala D, Antal
M, Pap B, Demcsak A, Minarovits J, Kovacs KL.
A case study of salivary microbiome in smokers
and non-smokers in Hungary: analysis by shot-
gun metagenome sequencing. J Oral Microbiol
2020; 12: 1773067.

7) Kanwar A, Sah K, Grover N, Chandra S, Singh
RR. Long-term effect of tobacco on resting whole
mouth salivary flow rate and pH: An institutional
based comparative study. Eur J Gen Dent 2013;
2:296-299.

8) Macgregor ID. Smoking, saliva and salivation. J
Dent 1988; 16: 14-17.

9) Soesilawati P, Notopuro H, Yuliati Y, Ariani MD,
Firdauzy MA. The role of salivary slgA as protec-
tion for dental caries activity in Indonesian chil-
dren. Clin Cosmet Investig Dent 2019; 11: 291-
295.

10) Giuca MR, Giuggioli E, Metelli MR, Pasini M, lez-
zi G, D’Ercole S, Tripodi D. Effects of cigarette
smoke on salivary superoxide dismutase and
glutathione peroxidase activity. J Biol Regul Ho-
meost Agents 2010; 24: 359-366.

11) Pay JB, Shaw AM. Towards salivary C-reactive
protein as a viable biomarker of systemic inflam-
mation. Clin Biochem 2019; 68: 1-8.

12) Azar R, Richard A. Elevated salivary C-reactive
protein levels are associated with active and pas-
sive smoking in healthy youth: A pilot study. J In-
flamm 2011; 8: 1-5.

13) Hanna R, Dalvi S, Benedicenti S, Amaroli A,
Salagean T, Pop ID, Todea D, Bordea IR. Photo-
biomodulation therapy in oral mucositis and po-
tentially malignant oral lesions: a therapy towards
the future. Cancers 2020; 12: 1949.

14) Chiniforush N, Pourhajibagher M, Parker S, Ben-
edicenti S, Bahador A, Salagean T, Bordea IR.
The effect of antimicrobial photodynamic thera-
py using chlorophyllin—Phycocyanin mixture on
Enterococcus faecalis: The influence of different
light sources. Appl Sci 2020; 10: 4290.

15) Andere NM, Dos Santos NC, Araujo CF, Mathi-
as IF, Rossato A, de Marco AC, Santamaria Jr
M, Jardini MA, Santamaria MP. Evaluation of the
local effect of nonsurgical periodontal treatment
with and without systemic antibiotic and photo-
dynamic therapy in generalized aggressive peri-
odontitis. A randomized clinical trial. Photodiag-
nosis Photodyn Ther 2018; 24: 115-120.

16) Budin CE, Rajnoveanu RM, Bordea IR, Grigores-
cu BL, Todea DA. Smoking in Teenagers from the
Social Protection System—What Do We Know
about 1t? Medicina 2021; 57: 484.

17) Akram Z, Abduljabbar T, Sauro S, Daood U. Ef-
fect of photodynamic therapy and laser alone as
adjunct to scaling and root planing on gingival
crevicular fluid inflammatory proteins in periodon-
tal disease: a systematic review. Photodiagnosis
Photodyn Ther 2016; 16: 142-153.

18) Akram Z, Abduljabbar T, Vohra F, Javed F. Efficacy
of low-level laser therapy compared to steroid ther-
apy in the treatment of oral lichen planus: A sys-
tematic review. J Oral Pathol Med 2018; 47: 11-17.

19) Akram Z, Shafgat SS, Niaz MO, Raza A, Na-
seem M. Clinical efficacy of photodynamic ther-
apy and laser irradiation as an adjunct to open
flap debridement in the treatment of chronic peri-

2737



M.S. Hameed, M.A. Kamran, S.M. Kaleem, S. Syed, M. Ajmal, M.L. Manikandath

odontitis: a systematic review and meta-analysis.
Photodermat Photoimmunol Photomed 2020; 36:
3-13.

20) Akram Z, Al-Shareef SA, Daood U, Asiri FY, Shah
AH, AlQahtani MA, Vohra F, Javed F. Bactericid-
al efficacy of photodynamic therapy against peri-
odontal pathogens in periodontal disease: a sys-
tematic review. Photomed Laser Surg 2016; 34:
137-149.

21) Vohra F, Akram Z, Safii SH, Vaithilingam RD,
Ghanem A, Sergis K, Javed F. Role of antimi-
crobial photodynamic therapy in the treatment
of aggressive periodontitis: a systematic review.
Photodiagnosis Photodyn Ther 2016; 13: 139-
147.

22) Akram Z, Vohra F, Javed F. Low-level laser ther-
apy as an adjunct to connective tissue graft pro-
cedure in the treatment of gingival recession de-
fects: a systematic review and meta-analysis. J
Esthet Restor Dent 2018; 30: 299-306.

23) Javed F, Salehpoor D, Al-Dhafeeri T, Yousuf M,
Malmstrom H, Khan J, Akram Z. Is adjunctive
photodynamic therapy more effective than scal-
ing and root planing alone in the treatment of
periodontal disease in hyperglycemic patients?
A systematic review. Photodiagnosis Photodyn
Ther 2018; 22: 1-6.

24) AlAhmari F, Ahmed HB, Al-Kheraif AA, Javed F,
Akram Z. Effectiveness of scaling and root plan-
ning with and without adjunct antimicrobial pho-
todynamic therapy in the treatment of chronic
periodontitis among cigarette-smokers and nev-
er-smokers: a randomized controlled clinical tri-
al. Photodiagnosis Photodyn Ther 2019; 25: 247-
252.

25) Vohra F, Akram Z, Bukhari IA, Sheikh SA, Javed
F. Short-term effects of adjunctive antimicrobi-
al photodynamic therapy in obese patients with
chronic periodontitis: A randomized controlled
clinical trial. Photodiagnosis Photodyn Ther 2018;
21: 10-15.

26) Akram Z, Javed F, Hosein M, Al-Qahtani MA,
Alshehri F, Alzahrani Al, Vohra F. Photodynam-
ic therapy in the treatment of symptomatic oral li-
chen planus: a systematic review. Photodermatol
Photoimmunol Photomed 2018; 34: 167-174.

27) Kwiatkowski S, Knap B, Przystupski D, Saczko J,
Kedzierska E, Knap-Czop K, Kaotliriska J, Michel
O, Kotowski K, Kulbacka J. Photodynamic ther-
apy-mechanisms, photosensitizers and combi-
nations. Biomed Pharmacother 2018; 106: 1098-
1107.

28) Vidovi¢ Juras D, Luka¢ J, Ceki¢c-Arambasin A, Vi-
dovi¢ A, Canjuga |, Sikora M, Carek A, Ledinsky
M. Effects of low-level laser treatment on mouth
dryness. Coll Antropol 2010; 34: 1039-1043.

29) Akram Z, Baharuddin NA, Vaithilingam RD, Ra-
him ZH, Chinna K, Krishna VG, Saub R, Safii SH.
Effect of nonsurgical periodontal treatment on
clinical periodontal variables and salivary resistin
levels in obese Asians. J Oral Sci 2017; 59: 93-
102.

30) Terlevi¢ Dabi¢ D, Jurisi¢ S, Vuciéevi¢ Boras V,
Gabri¢ D, Bago |, Vrdoljak DV. The effectiveness
of low-level laser therapy in patients with drug-in-
duced hyposalivation: a pilot study. Photomed La-
ser Surg 2016; 34: 389-393.

31) Loncar B, Mravak Stipeti¢ M, Bari¢evi¢ M, Risovi¢
D. The effect of low-level laser therapy on salivary
glands in patients with xerostomia. Photomed La-
ser Surg 2011; 29: 171-175.

32) Dostalova T, Kroulikova V, Podzimek S, Jelinkova
H. Low-level laser therapy after wisdom teeth sur-
gery: evaluation of immunologic markers (secre-
tory immunoglobulin A and lysozyme levels) and
thermographic examination: placebo controlled
study. Photomed Laser Surg 2017; 35: 616-621.

33) Almadori G, Bussu F, Galli J, Limongelli A, Per-
sichilli S, Zappacosta B, Minucci A, Paludetti G,
Giardina B. Salivary glutathione and uric acid lev-
els in patients with head and neck squamous cell
carcinoma. Head Neck 2007; 29: 648-654.



