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A B S T R A C T

Introduction: Periodontitis is a chronic inflammatory disease of periodontal tissues, which can lead to tooth 
loss and significant sub-gingival tissue deformities anaerobic pathogenic bacteria, where Porphyromonas gingiva-
lis play a vital role in the pathogenesis of chronic periodontitis. Antimicrobial photodynamic therapy (aPDT) is 
proposed as an alternative treatment approach due to bacterial resistance. 
Objectives: The objective of this study was to prepare and characterize the photodynamic effect of toluidine blue 
(TB)-loaded PLGA nanoparticles, in combination with a red light on the periodontal microorganism P. gingivalis. 
Material and methods: The present study include the following methods: 1) preparations, characterization, and 
optimization of TB-loaded surface PLGA nanoparticles, and 2) bacterial photodestruction mediated by cationic or 
anionic TB-loaded nanoparticles in vitro.
Results: Particle size and zeta potential of cationic TB-loaded PLGA nanoparticles were 24.0 nm and +44.0 mV,  
respectively. TB loading and release show in sufficient concentrations in killing P. gingivalis. Nano-photody-
namic therapy with TB-loaded PLGA nanoparticles inhibited 8 log10 the growth of bacteria at concentrations 
of 6.25-12.5 μg/ml. The minimal bactericidal concentration of TB for 8 log10 CFU reduction (0.5 McFarland)  
was 12.5 μg/ml.
Conclusions: Nano-photodynamic therapy with cationic TB-loaded PLGA red light is useful in killing P. gingiva-
lis than anionic TB-loaded PLGA. It gives future directions and promising results in clinical trials.
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INTRODUCTION

One of  the  most common human oral diseases is 
periodontitis, characterized by inflammation of  perio- 

dontal tissues, such as gingiva and tooth-supporting 
structures. The  sites with periodontal disease contain 
a unique bacterial composition that differs significantly 
from that observed in healthy places. Periodontal patho-
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gens, such as Porphyromonas gingivalis, are commonly 
found in infected sites. This Gram-negative anaerobic 
bacterium plays a  significant role in the  destruction 
of the host tissue by the expression of proteases [1]. 

Conventional phase 1 therapy (i.e., scaling and root 
planing) can achieve a  temporary decrease in the sub-
gingival levels of P. gingivalis together with other patho-
gens. However, it is challenging to remove organisms 
from the majority of deep periodontal pockets by scaling 
and root planing (SRP) alone, because of the anatomical 
complexity of the roots, which may contain bifurcation, 
trifurcation areas, grooves, and concavities, especially in 
deep periodontal pockets. 

The potential periodontal Gram-negative pathogens, 
including Aggregatibacter actinomycetemcomitans and 
Porphyromonas gingivalis, are capable of evading the host 
tissue defense mechanisms and invading the surround-
ing soft tissues, disrupting host epithelial barrier, and 
invading into deeper periodontal tissues. This creates 
the  fear of reorganization and regrowth of bacteria re-
maining in pockets or the tissues after SRP [2]. 

Supplemental chemotherapy, with local drug deliv-
ery agents introduced into the  periodontal pockets is 
often recommended to regulate the infection to an ex-
tent. It is one of the widely accepted approaches in peri-
odontal treatment (mechano-chemotherapy). However, 
microbial agents present two significant disadvantages. 

In general, the  first one is the  maintenance of  sta-
ble therapeutic concentration for a  sufficient dura-
tion of  time eradicating a  complex mixture of  aerobic 
Gram-positive and anaerobic Gram-negative bacte-
ria, and the  second one is the  resistance developed by 
the target microorganisms to antibiotics [3]. 

Therefore, there has been a  concern among perio- 
dontal researchers and clinicians to develop a  novel 
model of approach towards the treatment of periodon-
tal diseases. One such development is a  non-invasive 
photochemical approach for bacterial control, known as 
photodynamic therapy (PDT), to treat oral diseases as it 
suppresses the periodontal microorganism and increas-
es the benefits of conventional SRP, leading to a success-
ful periodontal treatment [4]. 

Antimicrobial photodynamic therapy (aPDT) has 
been suggested as an alternative to overcome the adverse 
effects of antibiotics as well as the local and systemic use 
of antibiotics [2]. PDT is defined as an oxygen-dependent 
photochemical reaction that occurs upon light-mediated 
activation of  a  photosensitizing compound that leads to 
a  generation of  cytotoxic reactive oxygen species (ROS), 
predominantly singlet oxygen that is toxic to the microor-
ganisms. The significant advantages of a PDT are its specific 
bind to the target bacterial cells, no collateral damage, ini-
tiation of activity only when exposed to light, and the lack 
of development of resistant bacterial species, which is fa-
miliar with the indiscriminate use of antibiotics [3]. 

For safe and efficient administration of  PDT, the 
therapy must reach a target cell in optimum concentra-

tions while being least absorbed by other cells failing, 
which could cause side effects. However, it suffers from 
two significant hurdles. Firstly, in an aqueous environ-
ment, the  hydrophobic molecules of  photosensitizer 
tend to aggregate due to the presence of highly planer 
molecules that originated as a  from the  π-conjugation 
extended system. This disables the photoactive property 
of the molecule, as it can no longer be monomeric to be 
an active compound. The next hindrance is the  inabil-
ity of  a  photosensitizer molecule to reach and bind to 
the diseased cell when PDT is carried out. Hence, no-
table efforts have been made to deliver and incorporate 
a  monomeric form of  active photosensitizer to target 
cells under in vitro conditions [5]. 

Most of the carriers are nano-sized in various forms, 
such as nanorods, nanostructures, and nanoparticles, 
which have developed with recent advancements in 
nanotechnology. However, before the  advent of  nano-
technology, liposomes and micelles were nanostructures 
of detergents and lipids that were extensively used in pho-
todynamic therapy. Fabrication of nanocarrier molecules 
delivering PS (photosensitizer) needs to address several 
questions concerning its binding to the  carrier vehicle 
whether it is covalently attached or if it has to be encapsu-
lated non-covalently, and its bioavailability in the system 
after its delivery. If it is non-biodegradable, then it could 
be toxic, and for it to be biodegradable, there are a limit-
ed number of polymers and lipids useful in this synthesis. 
It is being discussed if non-covalent attachment of PS to 
carrier molecule would facilitate its release and effective 
assimilation into cells. However, according to EPR (effec-
tive permeability and retention) hypothesis, a premature 
release of  PS into serum even before the  accumulation 
of nanoparticles at the diseased site may occur [6]. 

In the wake of the need, drug polymeric nanoparti-
cles have occupied the front seat as drug carriers during 
PDT. These have several advantages over conventional 
molecular drugs by being able to carry more enormous 
quantities of PS to the diseased site, the pliability accord-
ing to the  target surface, the  possibility to use it with 
a wide range of substances as contrast agents and target-
ing ligands, and to withstand biodegradation in a living 
system. PLGA (poly (lactic-co-glycolic acid)) is a poly-
mer of lactic acid and glycolic acid that had been loaded 
with phthalocyanines, chlorins, porphyrins, and hyper-
icin kinds of photosensitizers, and their efficiency eval-
uated during PDT [6]. FDA-approved PLA (poly-lactic 
acid) and PGA (poly-glycolic acid) polyester copolymer 
is nanoparticle matrix of PLGA. It is biocompatible and 
can get degraded in the  living system by natural path-
ways  [7]. Hence, nanoparticles of  PLGA have become 
useful drug carriers in photosensitizer. 

As PS gets capsulated by PLGA, it loses its excit-
ed state and thereby loses its phototoxicity. However, 
nanoparticles show a  sustained release of PS when in-
cubated with cells. This helps PS to regain its phototox-
icity and hence becomes an active photodynamic agent. 
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Several studies found that 100% elimination of  P. gin-
givalis organisms could be achieved with 25 μg/ml [8]. 
However, some investigators showed that significant  
P. gingivalis elimination could be accomplished with  
1 mg/ml, and also stated that photosensitizer agents are 
challenging to maintain for a  sufficient period of  time 
due to elution of agent gingival crevicular fluid [4]. 

Many advantages are noted with PLGA, such as con-
trolled and consistent degradation properties, and excel-
lent reproducible mechanical and physical properties, 
including tensile strength, elastic modulus, and degra-
dation rate. As for toxicity, immunogenicity and favor-
ing of infections are lower for pure synthetic polymers 
like PLGA; it is used as the most frequent vehicle during 
treatment strategies. 

The biodegradable properties of  PLGA are superior 
when compared with its monomers due to the products 
of its hydrolysis, lactic acid, and glycolic acid, two endog-
enous and easily metabolized monomers in minimal sys-
temic toxicity associated with the use of PLGA for drug 
delivery or biomaterial applications. PLGA has a  wide 
range of degradation rates, governed by the composition 
of  chains, both hydrophobic and hydrophilic balance, 
and crystallinity. The degradation time is 6-12 weeks for 
PLGA when used as a  carrier for any therapeutic pur-
pose  [10]. Stability data showed that pure PLGA parti-
cles exhibit the expected behavior for lyophobic colloids. 
The poloxamines and poloxamers of PLGA were added to 
the PLGA particles to increase the stability, as they pre-
sented more hydrophilic character than in poloxamines. 

To overcome this problem, in this research study, we 
developed a novel photodestruction-mediated TB-loaded 
PLGA nanoparticles that eliminate P. gingivalis in vitro. 

OBJECTIVES 

The present study was designed with two primary ob-
jectives: 1) to prepare, characterize, and determine the con-
centration of  TB-loaded PLGA nanoparticles targeting  
P. gingivalis in vitro, and 2) to recognize the efficacy of pho-
todestruction-mediated TB-loaded PLGA nanoparticles 
that could suppress or eliminate the P. gingivalis colonies. 

MATERIAL AND METHODS 

PREPARATIONS, CHARACTERIZATION,  
AND OPTIMIZATION OF TB-LOADED SURFACE PLGA 
NANOPARTICLES 

DEVELOPMENT OF TOLUIDINE BLUE OLEATE SALT 

Since toluidine blue (TB) is a very hydrophilic pho-
tosensitizer, it was found that pure drug could not be 
efficiently encapsulated in hydrophobic PLGA nanopar-
ticles. To enhance the  loading efficiency, we prepared 

TB-oleate salt by the reaction of TB with sodium oleate. 
In an  atypical process, 50 mg of  TΒ has dissolved in  
a 5 ml of dehydrated ethanol and a 100 mg of sodium 
oleate dissolved in a 100 ml of deionized distilled water 
by stirring with a magnetic stirrer at room temperature. 
TB in ethanol was added drop-wise to the aqueous sodi-
um oleate solution and stirred to ensure complete mix-
ing. The mixture was kept at room temperature (27oC) 
for 8 hours to allow the ethanol to evaporate. 

Toluidine blue oleate salt, thus formed, was insoluble 
in water and precipitated out. The toluidine blue oleate 
was purified from the remaining sodium oleate by chlo-
roform extraction method. TB oleate salt was then con-
firmed by measuring visible absorbance, where the fatty 
acid salt has a characteristic redshift compared to the ab-
sorbance of free TB [9]. 

PREPARATION OF TB-LOADED PEO-PLGA 
NANOPARTICLES 

Preparation of  polyethylene oxide (PEO)-modified 
PLGA nanoparticles was carried out by using a solvent 
displacement method, in which PLGA was dissolved 
with pluronic F108 (a triblock copolymer of  poly(eth-
ylene oxide/poly(propylene oxide)/poly(ethylene ox-
ide)) in acetone in 75-to-15% weight ratio  [9]. For 
TB-loaded PEO-PLGA nanoparticles, TB oleate was 
added at 10% (w/w) of the polymer in the organic phase. 

The organic phase consisted of PLGA, pluronic F108, 
and TB oleate, and acetone was added drop-wise to pre-
cooled deionized distilled water under moderate stirring 
condition. The stirring speed, acetone-to-water volume 
ratio, addition speed, and temperature of the dispersion 
were optimized to generate particles of  approximate-
ly 200 nm in diameter. Then, the  distribution was left 
stirring at room temperature overnight until the acetone 
had evaporated. The  aqueous dispersion of  TB-loaded 
PEO-PLGA nanoparticles was centrifuged, washed with 
deionized distilled water, and lyophilized for approx-
imately 48 hours resulting in flowing-free dry powder. 

CHARACTERIZATION OF CONTROL AND TB-LOADED PLGA 
NANOPARTICLES 

Plain PLGA, and cationic and anionic TB-loaded 
PEO-PLGA nanoparticles were characterized for parti-
cle size, surface charge or electric potential, with TB load 
and a release seen. 

Nanoparticle size analysis. Plain PLGA, cationic, 
and anionic TB-loaded PEO-PLGA nanoparticles were 
dispersed in deionized distilled water for particle size 
analysis using the Horiba Scientific SZ-100 nanoparti-
cle analyzer light scattering instrument at 90o scattering 
angle and 25oC. The rate of the number was adjusted in 
the range of 50-500 kcps by diluting the samples. 
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Surface charge analysis. Surface charge or electric 
potential (zeta potential – ZP) measurements were also 
performed with the  Horiba Scientific SZ-100 zeta po-
tential analyzer instrument. The PLGA and TB-loaded 
PLGA nanoparticles samples were dispersed in deion-
ized distilled water, and the  zeta potential values were 
measured at the  default parameters of  dielectric con-
stant, refractive index, and viscosity of water. 

Scanning electron microscopy. SEM analysis was 
performed to confirm the size and determine the nano- 
particle shape and surface morphology. Freeze-dried 
samples of  PLGA nanoparticles, with and without 
the  encapsulated TB, were mounted on an  aluminum 
sample mount, and were observed using a  JEOL JSM-
IT500 In Touch Scope (SV university, TPT) field emis-
sion scanning electron microscope, and evaluated for 
shape and surface morphology by SEM. 

DETERMINATION OF TB LOAD IN PEO-PLGA 
NANOPARTICLES 

To determine the  TB loading capacity in TB-load-
ed PLGA nanoparticles, a  standard curve of  toluidine 
blue was prepared by dissolving the  sodium oleate 
salt at different concentrations ranging from 10 μg/ml 
to 250 μg/ml in acetone. The  absorbance of  the  solu-
tion was measured at 640 nm with Agilent technolo-
gies Cary 8454 UV-Visible spectrophotometer. The TB 
loading in PEO-PLGA nanoparticles was measured by 
dissolving a known amount of the nanoparticle sample 
in acetone. The  absorbance of  this solution at 640 nm 
was measured, and the amount of incorporated TB was 
determined using the standard curve. At 10% (w/w) TB 
loading, the maximum efficiency was 45-55%. 

IN VITRO TB RELEASE STUDIES FROM PEO-PLGA 
NANOPARTICLES 

The release of  TB from PLGA nanoparticles was 
evaluated and compared against two different types 
of cationic and anionic TB-loaded PLGA nanoparticles. 
TB-loaded PLGA nanoparticles were modified with 
pluronic F108 and resulted in a negative surface charge, 
while the other had a positive surface charge. The tolu-
idine blue oleate release was observed in 1% phosphate 
buffer saline at 37oC and plotted as a  total percentage 
release over 12-hour time points. 

BACTERIAL PHOTODESTRUCTION MEDIATED BY 
CATIONIC AND ANIONIC TB-LOADED NANOPARTICLES 
IN VITRO 

The photodynamic effects of free TB and TB-loaded 
nanoparticles with positive or negative charge to inves-

tigate the  P. gingivalis microorganisms were obtained 
from natural human plaque samples. The subgingival 
plaque samples were inoculated into 2 ml of  brucel-
la broth (Himedia), supplemented with 0.4-μl/ml vi-
tamin K1 (Himedia) and 5-μg/ml hemin (Himedia). 
They were then diluted and plated onto trypticase soy 
agar (Himedia) with 10% defibrinated horse blood,  
5-μg/ml hemin, and 0.4-μl/ml vitamin K1. The  plates 
were incubated in an  anaerobic atmosphere for 7 to  
10 days. The  bacteria grown were selected based on 
size, color, shape, and staining. Fluorescence test by 
long-wave UV light was performed to distinguish 
black-pigmented, anaerobic, and Gram-negative rods 
P. gingivalis with other Gram-negative rods. P. gingi-
valis were harvested from plates and re-suspended in 
brain heart infusion (BHI) broth. A  spectrophotom-
eter was used to measure cell numbers (wavelength,  
600 nm; 0.1 optical density unit equals to approximate-
ly 108 cells/ml) in 1-ml cuvettes. 

DETERMINATION OF MINIMUM INHIBITORY 
CONCENTRATION (MIC) 

In the present study, the serial tube dilution technique 
was followed based on the protocols of the Clinical and 
Laboratory Standards Institute (CLSI)  [11]. The  stock 
solution was first prepared by mixing 1 ml of  the  pre-
pared TB-loaded PLGA nanoparticles (NP) formulation 
in 10 ml of double-distilled water to achieve a drug con-
centration of 50 µg/ml. For the preparation of bacterial 
suspension, brain heart infusion (BHI) broth was used 
as the culture medium to support the growth of bacteria. 
Transferring cultured bacteria into the test tubes contain-
ing 2 ml of  BHI medium attained culture suspension. 
The P. gingivalis strains were adjusted for 0.5 McFarland 
turbidity standards (108 colony forming units  [CFU]/
ml) to check the  MIC of  TB-loaded PLGA nanoparti-
cles. In the first tube, 100 µl of stock solution was added 
into the 300 µl of BHI broth to make a volume of 400 µl, 
from which nine serial dilutions were prepared in sepa-
rate test tubes containing 200 µl of  BHI broth. To each 
serially diluted tube, 200 µl of  the previously developed 
P. gingivalis bacterial suspension was added and incubat-
ed for 48 hours in an Himedia anaerobic jar, with a gas 
pack at 37°C. A test tube containing only pure P. gingivalis 
(clinically isolated and verified bacterial strain of ATCC 
33277 was used as a  standard control) bacterial culture 
was used as a positive control. After completion of the 48 
hours incubation period, the optical density values (OD) 
was measured using a Systonic microprocessor photoco-
lorimeter. MIC was defined as the minimum concentra-
tion of  the  TB-loaded PLGA nanoparticles that caused 
20% of inhibition in the growth of the test organism. In-
dependent tests were performed for cationic and anionic 
nanoparticles. These results formed the basis for further 
investigations. The percentage of bacterial inhibition by 
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TB-loaded PLGA nanoparticles was computed using 
the following equation: 

percentage of P. gingivalis inhibition =
OD ε control – OD in test

× 100
OD ε control

NANO-PHOTODYNAMIC TREATMENT FOR BACTERIAL 
SUSPENSIONS 

For the  nano-photodynamic treatment of  P. gingi-
valis aliquots of  bacterial suspensions (108/ml) were 
placed in sterile microcentrifuge tubes and centrifuged 
(7,000 rpm for 4 minutes). TB-loaded PLGA nanopar-
ticles (both cationic and anionic) or free TB and phos-
phate-buffered saline (PBS) were added to the  super-
natants with a concentration of 10 µg/ml to 100 µg/ml.  
Cultures were tetraplicated and re-suspended with 
nanoparticles or free TB and placed in the  wells of  
32-well plates for 5 min before the procedure. All plates 
were kept covered during the illumination to maintain 
the purity of the culture. It was followed by irradiation 
with red laser light for 5 min (100 mW/cm2, 30 j/cm2), 
further to which, the  bacterial suspensions underwent 
serial dilutions in BHI broth; 100 µl aliquots were plated 
on blood agar plates for anaerobic incubation for seven 
days. The following experimental groups were used: 
1) no laser light/non-TB nanoparticles (control), 
2) treated only with laser light, 
3) treated only with anionic TB-loaded nanoparticles, 
4) treated only with cationic TB-loaded nanoparticles, 
5) treated only with free TB, 
6) treated with anionic TB-loaded nanoparticles and 

light, 
7) treated with cationic TB-loaded nanoparticles and 

light, 
8) treated with free TB and light. 

The primary endpoint for evaluation was the mean 
number of colony-forming units (CFU) per group [9]. 

RESULTS 

PARTICLE SIZE ANALYSIS 

The mean particle size and polydispersion index (PI) 
of  the  plain PLGA nanoparticles (Figure 1A), anionic 
TB-loaded PLGA nanoparticles (Figure 1B), and cation-

ic TB-loaded PLGA nanoparticles (Figure 1C) were de-
termined by dynamic light scattering (DLS) technique, 
using the Horiba Scientific SZ-100 nanoparticle analyzer.  
The  mean particle size for the  prepared plain PLGA 
nanoparticles, anionic TB-loaded PLGA nanoparticles, 
and cationic TB-loaded PLGA nanoparticles were 22.2 nm,  
23.0 nm, and 24.0 nm, with a PI of 6.983, 15.238, and 
21.893, respectively. The  prepared TB-loaded PLGA 
nanoparticles had a narrow distribution range (Table 1). 

SURFACE CHARGE/ZP ANALYSIS 

ZP measurement of  the  plain PLGA nanoparticles, 
anionic TB-loaded PLGA nanoparticles, and cation-
ic TB-loaded PLGA nanoparticles was determined by 
the  DLS technique, using the  Horiba Scientific SZ-100 
nanoparticle analyzer. The ZP of the prepared plain PLGA 
nanoparticles (Figure 2A), anionic TB-loaded PLGA N 
nanoparticles  (Figure 2B), and cationic TB-loaded PLGA 
nanoparticles (Figure 2C) were found to be –14.5 mV, 
–34.30 mV, and +44.50 mV, respectively (Table 1). 

SCANNING ELECTRON MICROSCOPY (SEM) 

The prepared nanoparticles were observed for size, 
shape, morphology, and occurrence of aggregation phe-
nomenon using JEOL JSM-IT500 InTouchScope™ scan-
ning electron microscope. Plain PLGA nanoparticles 
(Figure 3A), anionic TB-loaded PLGA nanoparticles 
(Figure 3B), and cationic TB-loaded PLGA nanoparti-
cles (Figure 3C) were well-defined, spherical in shape, 
smooth-surfaced, and non-porous. The  nanoparticles 
were relatively uniform in size and distribution; howev-
er, some agglomeration was observed. 

DETERMINATION OF TB LOAD IN PLGA NANOPARTICLES 

The amount of  incorporated TB was determined 
using the  standard curve. At 10% (w/w) TB loading, 
the maximum efficiency was 45-55% found by spectro-
photometric analysis. 

IN VITRO, TB RELEASE STUDIES FROM PEO-PLGA 
NANOPARTICLES 

Drug release was studied using spectrometry under 
continuous analysis in vitro for 12 hours, taken at regu-

TABLE 1. Nanoparticle size and zeta potential of plain PLGA, TB-loaded anionic, and TB-loaded cationic nanoparticles 

Sample name PLGA nanoparticles Negative TB-PLGA Positive TB-PLGA 

Mean nanoparticle, diameter (nm) 22.2 ± 2.2 23.0 ± 1.1 24.0 ± 1.6 

Mean zeta, potential (MV) –14.5 ± 0.44 –34.30 ± 0.12 44.5 ± 1.43 
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FIGURE 1. A) Mean particle size of plain PLGA nanoparticles. B) Mean particle size of anionic TB-loaded PLGA nano-
particles. C) Mean particle size of cationic TB-loaded PLGA nanoparticles
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FIGURE 2. A) Zeta potential of plain PLGA nanoparticles. B) Zeta potential of anionic TB-loaded PLGA nanoparticles. 
C) Zeta potential of cationic TB-loaded PLGA nanoparticles
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TABLE 3. In vitro anionic TB release profile of TB PLGA 
nanoparticles 

S. No Time 
(hours) 

Cumulative percentage release of anionic 
TB from TB-loaded PLGA nanoparticles 

1. 0 0 

2. 1 8.33 

3. 2 16.43 

4. 3 24.66 

5. 4 32.12 

6. 5 40.32 

7. 6 48.02 

8. 7 56.63 

9. 8 64.82 

10. 9 72.93 

11. 10 80.12 

12. 11 88.16 

13. 12 96.33 

TABLE 2. In vitro cationic TB release profile of +TB PLGA 
nanoparticles 

S. No Time 
(hours) 

Cumulative percentage release of anionic 
TBO from +TBO-loaded PLGA nanoparticles 

1. 0 0 

2. 1 2.03 

3. 2 4.43 

4. 3 8.03 

5. 4 10.43 

6. 5 12.66 

7. 6 18.12 

8. 7 24.32 

9. 8 32.02 

10. 9 38.63 

11. 10 42.82 

12. 11 48.93 

13. 12 50.12 

A B

C

FIGURE 3. A) SEM of plain PLGA nanoparticles. B) SEM of anionic TB-loaded PLGA nanoparticles. C) SEM of cationic 
TB-loaded PLGA nanoparticles
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TABLE 4. Minimum inhibitory concentration of cationic 
TB-loaded PLGA nanoparticles 

Concentration of serial 
dilutions (µg/ml) OD mean ± SD % inhibition 

0.19 0.584 ± 0.017 08.37 

0.39 0.552 ± 0.019 16.72 

0.78 0.530 ± 0.015 19.56 

1.56 0.498 ± 0.020 32.23 

3.12 0.487 ± 0.018 44.43 

6.25 0.483 ± 0.011 64.91 

12.5 0.410 ± 0.025 79.96 

25.0 0.150 ± 0.022 88.37 

50.0 0.054 ± 0.023 96.12 

100.0 0.024 ± 0.020 99.93 

Control without cationic TB PLGA 
nanoparticles 0.598 ± 0.023 

lar intervals using 1% PBS. Drug release was calculated 
based on initial concentration to the release at a given 
point of  time. Cationic nanoparticles (Table 2) were 
released at a slower rate with a total of 30% release, as 
against 80% total release rate of  anionic nanoparticles 
(Table 3) for 12 hours observations at 37oC temperature 
(Figure 4). 

DETERMINATION OF MINIMUM INHIBITORY 
CONCENTRATION

Results from minimum inhibitory concentration 
(MIC) showed cationic nanoparticles to be more effec-
tive over anionic nanoparticles. MIC, which was defined 
to be as the  minimum concentration of  the  TB-load-
ed PLGA nanoparticles that caused 20% inhibition in 
the  growth of  the  test organism, was found persistent 
with cationic nanoparticles, unlike in anionic. The mea-
sured OD (mean ± SD) at the concentration of 1.56 µg/
ml was 0.498 ± 0.020, which showed 32.23% inhibi-
tion of  bacterial growth. Hence, MIC of  test bacterial 
strains was recorded as 1.56 µg/ml (Table 4). As cationic 
nanoparticles showed better results over anionic, in all 
further investigations, only cationic nanoparticles were 
utilized. 

PHOTODYNAMIC TREATMENT MEDIATED BY CATIONIC 
AND ANIONIC TBO-LOADED NANOPARTICLES IN VITRO 

The photodynamic treatment shows the mean per-
centage of  colony-forming units in Table 5. Cationic 
TB-loaded PLGA nanoparticles (1.56 μg/ml equivalent 
to TB) and free TB (1.56 μg/ml) led to 98% and 43% 
killing, respectively (Table 5) (p-value < 0.05 vs. no laser 
light in no TB [control]).

DISCUSSION 

Cationic nanoparticles showed promising results 
over anionic nanoparticles. An infectious microbial dis-
ease that results in inflammation of  gums, supporting 
structures of teeth, which ultimately result in loss of at-
tachment and bone resorption are the  characteristics 
of  chronic periodontitis. Its etiological factors include 
the accumulation of plaque at tooth surfaces, gums, and 
dento-gingival juncture [1]. 

Complete removal of  endotoxins, biofilms, and 
calculus from the  surface of  tooth reinstitutes gin-
gival health, which forms the  principle of  non-sur-
gical periodontal treatment through SRP, including 
scaling and root planing. However, SRP meticulously 
removes supragingival and subgingival plaque, cal-
culus, and necrotic cementum, it is not effective in 
the total eradication of deep-seated microbes, which 
are situated deep into the periodontal tissues, dentin-

al tubules, and other inaccessible areas, owing to ana-
tomical complications. 

Technological advancements have always been con-
sistent in finding new approaches towards the treatment 
of  periodontal illnesses, as it has been a  long-time in-
terest of clinicians and periodontal specialists. Photody-
namic treatment is one such non-invasive exploration 
for including microbial contamination and oral dis-
eases [5], which received considerable applause among 
the periodontists. 

We must consider several challenges while optimi-
zation and formulation of a TB-loaded PLGA nano-
carrier system. In the first instance, we should formu-
late the nanocarrier systems to efficiently encapsulate 
TB at 10% (w/w), to have the desired physical prop-

FIGURE 4. Cationic nanoparticles realeased TB much 
slower than anionic TB nanoparticles. After 12 hours, 
over 80% of encapsulated TBO was released in PBS at 
room temperature from anionic nanoparticles and ap-
proximately 30% from cationic TB PLGA nanoparticles
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erties of  size (~25 nm in diameter), surface charge, 
and stability. 

Our study shows that PLGA nanocarriers can effi-
ciently encapsulate > 65% TB for cationic and approx-
imately 40% for anionic nanoparticles. The  surface 
morphology was smooth and round for both types 
of  nanoparticles formulations to achieve the  desired 
particle size and move through minute water channels 
present in biofilms. However, the cationic nanoparticles 
were able to release the drug at slow-paced for extended 
periods, unlike those of anionic nanoparticles. 

We have optimized the PLGA nanoparticle size, sur-
face charge, and the efficient encapsulation of TB formu-
lation at each step to achieve the desired pharmacologi-
cal benefit of PDT. 

As mentioned earlier, PS loses its phototoxicity when 
it gets encapsulated in PLGA and on incubation with 
cells, showing sustained timely release, gaining back 
its phototoxic property, which forms an activated PDT 
nano agent  [10] with a  wide range of  beneficial prop-
erties, including sustained timely release and non-tox-
icity in extracellular spaces. On the  other hand, TB is 
a well-known PS to be used in PDT against a spectrum 
of Gram-positive and harmful oral microbes [12]. 

Our findings about cationic nanoparticles are sup-
ported by literature, which show positively charged 
PS to be more effectively taken up by PLGA. It has 
greater phototoxicity against microbes  [13], and 
hence cationic PLGA nanoparticles are likely to serve 
as better alternatives to neutrally charged nanoparti-
cles. Of late, biodegradable cationic chitosan-made 
PLGA nanoparticles have been explored in vitro 
for their gene carrying capacity in the  nasal muco-
sa of  mice  [14]. The  results were promising, where 
PLGA nanoparticles assisted the delivery of gene, fol-
lowed by its gene expression with greater efficiency 
without causing any inflammation. 

However, as periodontists, NPDT clinical safety is 
vital, and we should consider the side effects and risks 
involved in PDT, which include photosensitizer and 
photochemical reaction as well as other being the  im-
pact of light energy. 

The side effects, such as bactericidal activity ex-
hibited by an  independent or unbound PS, can be 
toxic to periodontal tissues. Besides, most PDT dyes 
attached tightly to periodontal soft tissues, lead to 
dye retention in periodontal pockets, which could 
affect the  periodontal tissues with attachment and  
healing. 

However, it should be noted that clinical removal 
of a dye after ever PDT is not feasible, and its retention 
leads to short-term pigmentation of gums. This would 
impact the aesthetics of a patient. Hence, in the present 
study, we made PS to lose its phototoxicity by encap-
sulating it in PLGA and later, on incubation with cells 
showing sustained timely release of PS, gaining back its 
phototoxic property, and formed an activated PDT nano 
agent. 

Red light is an adequate light source being used in 
PDT. However, precautions need to be taken to protect 
the eyes of the patient and healthcare staff involved in la-
ser surgery [15]. Additionally, when high-level or diode 
lasers are continuously used, they lead to thermogenesis, 
which should be avoided to prevent deeper tissues inju-
ries, such as pulp or alveolar bone [16]. 

The TB-loaded PLGA photosensitizer gets activated 
at a wavelength of 620 nm to 720 nm of laser light, which 
is in the  red zone of  the  light spectrum. In the  pres-
ent study, laser light with a wavelength of 630 nm was 
used at 0.5 mW laser red light for 5 min (100 mw/cm2,  
30 j/cm2) of energy. The depth of the laser light penetra-
tion was ranging from 0.5 mm to 1.5 mm. 

The present study speaks of light-activated TB-load-
ed PLGA nanoparticles as an  antibacterial treatment 
against P. gingivalis. Our in vitro study showed cationic 
TB-loaded PLGA nanoparticles to be more effective over 
anionic nanoparticles and free TB, when tested against 
P. gingivalis. This could be because of  the catatonically 
charged toluidine blue had bonded to Gram-negative 
bacterial outer cell membrane, penetrating it, followed 
by interaction with lipopolysaccharides exhibiting pho-
to-bacterial effect. Hence, we used cationic TB-load-
ed PLGA nanoparticles to treat chronic periodontitis 
through PDT. 

TABLE 5. Incubation of Porphyromonas gingivalis bacteria with TB-loaded nanoparticles (1.56 µg/ml equivalent to 
TB) for 5 min, followed by exposure to laser red light for 5 min (100 mw/cm2, 30 j/cm2) led to > 1 log bacterial killing 

1 2 3 4 5 6 7 8 

PG-1 400 320 220 140 234 82 5 120 

PG-2 395 295 210 125 226 75 6 112 

PG-3 420 300 190 110 213 55 4 102 

PG-4 389 280 185 130 245 77 5 132 

MEAN 401 298 201 126 229 72 5 116 

Bact- viable 100% 74.3% 50.1% 31.4% 57.1% 17.9% 1.2% 28.9% 

Bact- killed 25.7% 49.9% 68.6% 42.9% 68.1% 98.8% 71.1% 
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CONCLUSIONS 

The present in vitro study has optimized formula-
tions of  cationic TB-loaded PLGA nanoparticles that 
can be used as an  addition to standard periodontal 
therapy to eliminate the periodontal bacteria, especially  
P. gingivalis present in dental plaque. 
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