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Objective:  The  present  study  assessed  the  susceptibility  of  salivary  pathogens  to photodynamic  inactiva-
tion  (PDI),  mediated  by a water-soluble  mixture  of  curcuminoids  (CRM)  and LED  light.
Methods:  A  10  mL  sample  of unstimulated  saliva  was  collected  from  volunteers.  The  inoculum  was  pre-
pared  using  9  mL  of saline  and  1  mL  of  saliva.  Inoculum  suspensions  were  divided  into  14 groups  and
treated  according  to  the  description  below.  Groups  that  received  the  PDI treatment  (light  for  1 min  or
5 min  and 1.5  g/L  or 3.0 g/L  of  CRM  concentration)  were  called  C1.5L1.8, C1.5L9.0, C3.0L1.8, C3.0L9.0. To  evalu-
ate  the  CRM  decontamination  alone,  the  C1.5/1,C1.5/5,C3.0/1 and  C3.0/5 groups  were  assessed.  Likewise,  light
alone was  evaluated  through  the  L1.8 and  L9.0 groups.  Chlorhexidine  at 0.12%  (CLX)  for  1  or  5 min  was
used  for  the  positive  control  groups  (CLX1 and  CLX5, respectively);  saline  was used  for  1  or  5  min  (CTR1,
CTR5,  respectively)  for the  negative  control  groups.  After  the tests,  serial  dilutions  were  performed,  and
the  resulting  samples  were plated  on  blood  agar  in  microaerophilic  conditions.  The  number  of colony
forming  units  (CFU/mL)  was  determined  and  log10-transformed.  Data were  analyzed  using  a  One-way
Analysis  of  Variance  with  Welch  correction,  followed  by  the Games  Howell’s  test  (�  =  0.05).  Log  reduc-
tion  (LR)  measure  for antimicrobial  efficacy  was also calculated  using  data  from  the  CTR5 as  untreated
samples.

Results:  The  CHX5 showed  the best  antimicrobial  result,  followed  by  the  CLX1. The  antimicrobial  effect
of  CRM  was  more  pronounced  when  associated  with  light  (PDI),  but  significantly  lower  than  the CLX5

effect.  The  C3.0L9.0 protocol  showed  similar  results  to the  CLX1.
Conclusion:  The  results  show  that  PDI  with  CRM  at the  studied  concentrations  is  as  effective  for  oral
decontamination  in  clinical  dental  care  conditions  as the CLX  at 0.12%  for 1 min.

© 2016  Elsevier  B.V.  All  rights  reserved.
. Introduction

The human mouth can host more than 700 species of pathogenic
nd non-pathogenic microorganisms [1]. Thus, the bacterial
erosols generated from a patient’s mouth during dental proce-
ures expose the dental staff to a chronic occupational hazard.
he bioaerosol can spread by a radius of 60 cm from the oral cav-
ty, contaminating everything in this perimeter [2]. Consequently,

everal infectious diseases, including those caused by viruses, can
e transmitted by the aerosol representing significant health risks
or the dental staff, such as chickenpox, hepatitis B, hepatitis A,
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herpetic conjunctivitis, herpes simplex, herpes zoster, infectious
mononucleosis, measles, rubella, mumps  and influenza. Addition-
ally, many other diseases may  be caused by bacteria and fungi [3].
The bioaerosol can also put healthy patients at risk because of the
possibility of cross-contamination at the dental office [1–5].

The biosafety manual recommends the routine use of personal
protective equipment (PPE) as standard for the treatment of any
patient [5]. However, there are reports showing that the aerosol
formed by dental handpieces remains suspended in the environ-
ment for at least 10 min  to a few hours after treatment [4,5]. In that
case, the use of PPE will not guarantee the protection of the dental
team. Therefore, measures that can effectively reduce the amount
of microorganisms present in the oral aerosol should be incorpo-

rated as a biosafety routine associated with the use of PPE to ensure
more effective protection of the dental staff and patients. For this

dx.doi.org/10.1016/j.pdpdt.2016.04.006
http://www.sciencedirect.com/science/journal/15721000
http://www.elsevier.com/locate/pdpdt
http://crossmark.crossref.org/dialog/?doi=10.1016/j.pdpdt.2016.04.006&domain=pdf
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Chart 1. Treatment groups.
*CTR1 and CTR5 refer to control groups in which samples received only saline solu-
C. Santezi et al. / Photodiagnosis and

urpose, some practitioners routinely ask the patient to perform
ral decontamination using topical mouthwashes [6].

Currently, 0.12% chlorhexidine digluconate (CLX) is the most
idely used antiseptic for mouth disinfection [7]. According to
avies [8], CLX is a broad spectrum antimicrobial agent that
xhibits activity against gram-negative and gram positive bacte-
ia and yeasts. However, there is no positive evidence of their
ffectiveness against spores [9] and the routine use of CLX as an
ntiseptic may  cause alteration in taste sensation and staining of
he teeth and tongue [8,10]. Because of its drawbacks, investi-
ations have focused on the search for alternative methods for
ral decontamination [11,12]. Therapy based on physical inter-
ction of light and photosensitizing drugs, called photodynamic
herapy (PDT), have been developed as an alternative or comple-

entary technique to solve many microorganism-related health
roblems [12–16]. Photodynamic inactivation of microorganisms,
lso known as Photodynamic Antimicrobial Chemotherapy (PACT)
16] or Photodynamic Inactivation (PDI) [17], is based on the
ombination of a photosensitizer (PS) and light of the appropri-
te wavelength to excite the PS molecule [18]. The killing is a
esult of the formation of radicals and reactive oxygen species
hat can react with multiple targets at a cellular level. Thus,
dvantages of PDI include the few undesired side effects and the
mprobable chances of promoting resistance by microorganisms
14–19].

Different types of PS have been investigated in recent years
20–28]. Curcumin (CUR) is a phenolic compound, member of the
urcuminoid family, which can be extracted from the rhizomes of
urcuma Longa.  CUR has been traditionally used as a cooking spice
29], but several in vitro and in vivo investigations suggested that
UR has great therapeutic potential, including anti-inflammatory
30], antiseptic [31], antifungal [32,33], antioxidant [34,35] and
specially, antiviral effect against hepatitis B [36] and H1N1 [37].
ecently, CUR has shown great potential as a PS for PDI because
f its ability to absorb light, especially in the blue spectral region
21,23,38,39]. The low penetration depth of the blue wavelength
nto tissues also points out that CUR would be a suitable PS for
ral superficial decontamination. Unlike the phenothiazine dyes,
hich have been massively investigated for PDI, the staining of

eeth, aesthetic tooth restorations and oral mucosa is improbable
fter using CUR. For those reasons, the efficacy of PDI-mediated by
UR against microorganisms in saliva needs to be evaluated. Most
f the microorganisms in saliva are bound to oral epithelial cells
40], so the response to photodynamic action may  change from the
ffect during in vitro situations [41,42].

Apart from its efficacy, CUR has poor aqueous solubility and
ioavailability and constant investigations have suggested some
ossible ways to increase its biopharmaceutical properties [43].
ne such approach can be the use of a water-soluble mixture of
UR and others curcuminoids (Curcumin, Desmethoxy curcumin
nd Bis-Desmethoxy curcumin). Thus, in an attempt to minimize
he amount of pathogens in human saliva and thus decrease the
ontamination risk of dental staff and patients, the use of PDI for
outh decontamination is proposed. The study assessed the effi-

acy of a water-soluble mixture of curcuminoids (CRM), previously
alidated by Rego-Filho et al. [44] in 2014 in reducing the viability
f microorganisms found in human saliva.

. Material and methods

.1. Study design
This was a blind, in vitro, experimental study (FOAr Research
thics Committee—Case number: 68/10). The colony forming units
er milliliter (CFU/mL) was the response variable. The decontami-
tion  during 1 and 5 min, respectively.

nation treatment was  the independent variable which resulted in
the 14 study groups (n = 6) that are described in Chart 1.

2.2. Representative oral microbiota

The present study used representative samples of aerobic
species commonly found in the human oral cavity. For this pur-
pose, a saliva sample was  obtained from pre-selected volunteers
from the Araraquara Dental School (UNESP- Univ Estadual Paulista,
Brazil). The volunteers were selected following these criteria: no
signs and symptoms of disease, non-alcoholic, non-smoker, must
be over 18 years of age, not using antibiotics or other mouthwashes,
had not used antibiotics in the last month, not using toothpaste
with antimicrobial activity and have not been submitted to dental
prophylaxis in the last week. A sample of 10 mL  of non-stimulate
volunteerı́s saliva was  collected in a sterile 50 mL  Falcon tube to
perform the tests.

2.3. Treatments

The photosensitizer chosen was a water-soluble mixture of
three curcuminoids (curcumin, desmethoxy curcumin and Bis-
desmethoxy curcumin; C33H50O16, 730.32 g/mol)(PDT Pharma,
Cravinhos, SP, Brazil) which is a topical preparation with accept-
able stability and solubility of the curcumin derivatives (Fig. 1). A
stock solution of the photosensitizer (3.0 g/L) was  used and also
diluted in distilled water to obtain the concentration of 1.5 g/L. The
CRM was filtered through a sterile membrane with a 0.22 �M pore
and was prepared immediately before use.

A light emitting diode (LED) device containing 54 blue LEDs

(440 nm ± 10 nm)  was used to excite the CRM. This equipment,
called “Biotable”, provides uniform emission of light in which the
lamps (1W) were arranged to simultaneously irradiate an entire
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Fig. 1. Chemical structures of the natural curcumin and the mixture of curcuminoids used in the study.

Fig. 2. Light emitting diode (LED) device called “Biotable” containing 54 blue LEDs (440 ± 10 nm) used to irradiate simultaneously the samples. (For interpretation of the
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late well (Fig. 2). The power density of 30 mW/cm2 was used, and
he fluences were 1.8 J/cm2 and 9 J/cm2.

The present study used CLX at 0.12% (Riohex 0.12%—Rioquímica,
ão José do Rio Preto, SP—Brazil) as a positive control group.

Samples were prepared using 9 mL  of saline (sodium chloride
.85%—SAL) and 1 mL  of saliva. Aliquots of 500 �L were pipetted

nto well plates. Next, the same volume of the test substances (CLX
,12%; CRM 1.5 g/L; CRM 3.0 g/L; SAL) were added and the plates
ere left in the dark (singles treatments groups) or illuminated

PDI groups) for 1 and 5 min  (Fig. 3).
After each treatment, 100 �L of each well’s contents were

erially diluted and plated in petri dishes containing blood agar
BHI—Brian Heart Infusion supplemented with defibrinated sheep

lood) using the drop technique. The plates were incubated
37 ± 1 ◦C for 48 h) in microaerophilic conditions and the colonies
ere counted (Fig. 4).
 article.)

2.4. Statistical analyses

Colonies forming units per milliliter (CFU/mL) were log10-
transformed. After descriptive analysis, a One-way Analysis of
Variance with Welch correction for unequal variances was
performed, followed by the Games Howell’s test of multiple com-
parisons (� = 0.05). CLX5 data was not included in the ANOVA
calculations since no variance was  found in this group. Log reduc-
tion (LR) measure for antimicrobial efficacy was  also calculated [45]
using data from the CTR5 as untreated samples.

3. Results
All PDI groups showed a significant reduction in log10 (CFU/mL)
compared to the control groups and those groups that used light
alone (Fig. 5). The use of 3.0 g/L of CRM with 9.0 J/cm2 was the
most effective PDI protocol, achieving a mean LR of 2.54 (Table 1).
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Fig. 3. In “A”, samples without LED light irradiation and in “B”, samples that recieved LED light irradiation.

Fig. 4. Aliquots of 100 �L of each well’s contents were serially diluted (A) and plated in petr
sheep  blood), using the drop technique (B–D). The plates were incubated (37 ± 1 ◦C for 48

Table 1
Average log reduction (LR) and respective standard deviation (SDLR) obtained after
antimicrobial treataments. Data from CTR5 was used as untreated samples.

Group LR SDLR

L1.8 −0.03 0.12
L9.0  −0.07 0.12
C1.5/1 0.39 0.13
C1.5/5 0.81 0.12
C3.0/1 1.56 0.15
C3.0/5 1.74 0.13
CLX1 3.04 0.18
CLX5 6.89 0.12
C1.5L1.8 0.74 0.15
C1.5L9.0 1.89 0.13

H
s

o

C3.0L1.8 1.55 0.20
C3.0L9.0 2.54 0.16
owever, the additional PDI groups, C3.0L1.8, C1.5L9.0, and C1.5L1.8
howed similar antimicrobial effect of using the CRM without light.

The use of CLX at 0.12% for 5 min  resulted in the total absence
f colonies in the six samples analyzed. When used for 1 min, its
i dishes with blood agar (BHI—Brian Heart Infusion supplemented with defibrinated
 h) in microaerophilic conditions (E) and the colonies were counted (F).

antimicrobial effect was  similar to the PDI using 3.0 g/L of CRM with
9.0 J/cm2 of illumination (C3.0L9.0).

Light alone showed no significant effect on colonies viability.

4. Discussion

In order to avoid the biological risks that patients and dental
team are exposed during clinical routine, the decontamination of
the patients’ mouth was advocated. The present study investigated
the potential of a curcuminoid-based compound, with an increased
aqueous solubility as a PS against bacteria in saliva. According to
the results, PDI significantly reduced microorganisms viability in
all protocols investigated and the highest reduction found was
2.54 logs. Others studies have evaluated PDI  using the same com-

pound and the findings, regarding the efficacy, corroborates with
ours [38,46,47]. However, these were in vitro studies that did not
assess the efficacy of the therapy against microorganisms within a
nutritional medium such as saliva.
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Fig. 5. Antimicrobial effect of PDI (Photodynamic inactivation

Tonon et al. [38] evaluated the in vitro susceptibility of stan-
ard and clinical isolates of Streptococcus mutans to CRM-PDI
sing different light fluences. The most effective fluence was
8 J/cm2, which induced photoinactivation of both the standard
train (7.48–2.16 log) and the clinical isolate (10.24–6.77 log). It
as interesting to note that, independent of the CRM concentra-

ion and fluence used, the log reduction obtained for the clinical
solate was lower compared to the standard strain. Another study
lready suggested that clinical strains are normally more resistant
o PDI than the laboratory strains [33]. Therefore, our results may
ontribute a little more to the advancement of PDI, since it investi-
ated its efficacy against clinical strains on saliva samples. Another
nvestigation [48], showed a viability reduction of 99.99% and 37.6%
or S. mutans and Lactobacillus acidophilus,  respectively, after the
se of 1.5 g/L of CRM associated with blue led light (19 mW/cm2).
he higher efficacy of CRM-mediated PDI showed by these authors
an be due to the in vitro design, coupled with the use of standard
trains and different physiological states of micro-organisms. Addi-
ionally, a direct comparison with our findings is difficult to make
ince they used the survival fraction instead of log reduction to
escribe their results. Most investigations on PDI efficacy assessed
amples containing single species in planktonic or biofilm form
32,47–49]. However, the clinical effectiveness of PDI will depend
n the therapy‘s ability to eliminate the microorganisms within its
atural environment. In fact, studies have shown that the efficacy in
icroorganism elimination is reduced in saliva compared to their

n vitro planktonic counterparts [37,50], because saliva can func-
ion as a barrier to the antimicrobial effect. Thus, the results of the
resent investigation will contribute to the future of clinical PDI
isinfection since it showed that CRM-mediated PDI was capable
f reducing the viability of general oral microflora in saliva.

Natural CUR has showed higher in vitro efficacy against oral
icroorganism in previous investigations [32,33,49,50]. Due to the

ow solubility of pure CUR, those studies used a polar aprotic solvent
dimethyl sulfoxide, DMSO) to prepare standard solutions of the PS
rior to illumination. Bruzell et al. [51] in 2005 suggested that the
hototoxic effects induced by CUR can be highly dependent on the

ype of preparation used. The polar solvent used previously is able
o rapidly penetrate through the biological membranes and cellular
arriers, probably by producing structural defects in the membrane
 blue LED (light emitting diode) as oral desinfection method.

[52]. This fact can possibly justify the differences found between the
results [53,54]. Because DMSO is not an optimal vehicle for in vivo
applications [51,52], further studies should evaluate different vehi-
cles as efficient as DMSO for curcumin to exert photokilling against
bacterial strains. An ideal photosensitizer should have low toxicity
to host cells and high toxicity to the target cells when activated
by the light, thereby higher CRM concentrations could improve the
effect of PDI. Additionally, since CRM is a soluble compound and
because it has been previously validated as PS, the use of solvent
is not necessary, which is an advantage for clinical use, justifying
further studies with this compound [44].

While there was no significant difference between the C1.5L9.0
(IC95%: 4.99 ± 0.27) and C3.0L1.8 (IC95%: 5.34 ± 0.81) groups, the
C3.0L9.0 (IC95%: 4.35 ± 0.52) groups showed higher photodynamic
efficacy. Both the PDI (C3.0L9.0) and CHX1 groups had similar antimi-
crobial effects, reducing approximately 2.54 logs and 3.04 logs,
respectively. The CLX5 increased microbial inactivation since the
total elimination of microorganisms from the saliva samples was
observed. Several investigations have shown that CLX can be an
extremely effective antimicrobial agent against Gram-positive and
Gram-negative bacteria, being currently considered the gold stan-
dard for oral decontamination [8–10]. However, the constant use
of CLX can promote changes in taste and brownish pigmentation
on the teeth, restorations and tongue [6,8,9]. Additionally, 5 min  of
mouthwash can be uncomfortable for the patient and the longer
the exposure time to CLX, the higher the collateral effects largely
described in the literature. Thus, our results indicate that the use
of PDI may  be preferable since a similar efficacy to CLX1 was found
and no adverse effect on taste or teeth color have been reported, as
well as no resistance development [16,17,32,50,55,56].

Many different photosensitizing agents have also been stud-
ied over the years [38]. Phenothiazine methylene blue (MB) has
shown excellent photochemical properties and is recognized as a
non-toxic dye, so that it can be administrated topically and orally.
In addition, MB  has a natural antifungal and antibacterial activity
[57]. Rolim et al. [28] evaluated the antimicrobial activity of MB-
mediated PDI using 24 J/cm2 of light and the results showed no

effect against S. mutans in a planktonic culture (p = 0.62), conclud-
ing that MB–mediated PDI is not an optimal choice for reducing
S. mutans.  On the other hand, others studies related that MB as
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 photosensitizer agent was effective against the Candida species
hether grown planktonically or in a biofilm form [38,58,59]. This
ifference between bacteria and fungi might occur because of the
ellular structure [38]. However, it is important to highlight that
he described studies were performed on reference strains, which
s known to be more susceptible than clinical isolates. Additionally,
he clinical use of MB  for general oral decontamination may  have
ome drawbacks, such as teeth and restorative pigmentation and
ts low efficacy against intracellular viruses [57].

CRM per se also showed antibacterial efficacy, but this was
bserved only at the highest concentrations (C3.0/1 and C3.0/5). This
as probably due to the increased drug concentration and time

hat the inoculum was exposed to CRM. Even though the results
howed some dark toxicity of CRM, it is important to highlight that
he greatest antimicrobial effect (2.54 log reduction) was achieved
hen CRM was irradiated with blue LED light. CRM phototoxicity

eems to be mediated by the excited states of CRM and/or prod-
cts derived from the subsequent reactions with oxygen during

rradiation [16,56,60]. As described above, CRM per se promoted
ntibacterial effects and it is important to accentuate that, in order
o perform oral disinfection, the effect of CRM would improve
nhanced by light. Light alone (L1.8 and L9.0) had no effect on
icroorganism viability (Mean ± IC95%: 6.92 ± 0.17 and 6.95 ± 0.14,

espectively). This was expected because, in general, the light
otential for pathogen reduction is not observed [32,33,60–63].
thers studies, such as Araujo et al. [50] in 2012, obtained the same

esults for LED alone (Fig. 4) [25,32,33,49,60,61,63].
The present study indicates that CRM-mediated PDI has great

otential and can be useful for oral or surface decontamination
n dental care conditions, but the technique needs to be further
mproved for clinical use, because the future of PDI will depend
n the interactions between clinical applications and technologi-
al innovations [44]. Furthermore, this investigation was important
ecause, unlike many studies that assess microbial species in an

solated form, the present study investigated the oral microbiota in
aliva in order to simulate the clinical environment. In addition, the
DI technique can be used with success in place of CLX in patients
hat are sensitive to some CLX compounds, or who  do not want
he side effects caused by CHX: staining of teeth and tongue, taste

odification and mucosal desquamation.
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