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Abstract 

Background: Periodontitis is a chronic inflammatory disease characterized by progressive damage on the structure 
of tooth-supporting tissues. The aim of the study is determining the combination photodynamic effect of diode laser 
405 nm treatments and the administration of doxycycline 0.1% within 1, 3, 5, and 7 days on a Wistar rat model of 
periodontitis.

Methods: Samples were induced with Porphyromonas gingivalis ATCC33277 to allow periodontitis development 
and were treated with combination of doxycycline and laser diode, then statistical analysis was carried out (One-Way 
ANOVA test and the post-hoc Duncan test; Kruskal–Wallis test and Mann–Whitney follow-up test for non-parametric 
data). Samples were divided into five groups, laser exposure used was 405-nm diode laser with energy density of 8 J/
cm2. The expression level of histomorphometric was calculated by measuring the number of macrophages, lympho-
cytes, fibroblasts and the distance between the CEJ-AV.

Results: The results showed that the combination treatment of doxycycline and laser exposure yielded immu-
nomodulatory effects. The expression level of fibroblast and the distance between CEJ-AV bone showed that the 
combination of doxycycline and laser therapy exerted healing effect in rat models of periodontitis on day 5 and 7.

Conclusion: The combination of doxycycline 0.1% and diode laser therapy provides a healing effect in rats models of 
periodontitis.
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Background
Periodontitis is chronic inflammatory disease character-
ized by progressive damage on the tooth-supporting tis-
sue structure [1]. The damage process depends on the 
host immune response to the local aggregation of bacte-
ria that causes a variety of biological events that play a 
role in the achievement of host homeostasis [2]. Damage 

includes gingival inflammation, erosion of connective tis-
sue attachment, and resorption of the alveolar bone [3]. 
The resorption in the alveolar bone is mediated by osteo-
clasts and may cause degradation in the alveolar bone [4]. 
If such process occurs, it will lead to the disconnection 
of periodontal ligaments which attached to the alveo-
lar bone, resulting teeth removal from their attachment 
[5]. Thus, without immediate treatment, this defect will 
cause more than one tooth loss and even lead to systemic 
disease.

Periodontitis is known as a disease that is difficult 
to prevent and cure. Treatment and prevention meth-
ods that have been used so far only aim to eliminate 
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bacterial colonies causing infections in the supragingi-
val and subgingival areas [6] so that the tissue can be 
repaired and regenerated [1, 7]. The mechanical pro-
cess, either by brushing teeth or the Scale Root Planning 
(SRP) method, are not effective in removing plaque from 
the teeth because the probe could not reach a tooth area 
of > 5 mm [8]. Hence, the use of antibiotics is an effective 
method for bacterial colonies removal, as stated by the 
World Health Organization in 2014 [9]. However, long-
term application may increase the resistance of bacteria 
to antibiotics [10]. One alternative treatment modality 
that would help overcome this problem is photodynamic 
therapy.

Photodynamic therapy is a non-invasive therapeutic 
method that utilizes photons of light energy for medical 
applications [11, 12]. This therapy has been used to treat 
chronic inflammation and is believed to be an alternative 
for treating antibiotic-resistant bacteria [9, 13]. The suc-
cess of the therapy depends on availability of three main 
components, namely light, photosensitizer, and oxygen 
[14]. These three components play a vital role in the pro-
cess of light absorption by photosensitive agents which 
will activate chemical reactions to produce various reac-
tive oxygen species (ROS) [15, 16]. The various types of 
ROS produced also play an important role in bacterial 
photoinactivation since the resulting oxidative effect can 
inhibit bacterial activity [17] and therefore cause bacte-
rial’s cell death.

Naturally, bacteria produce light sensitive endogenous 
porphyrin compounds as photosensitizer molecules. Por-
phyrins produced by bacteria have a very strong absorp-
tion in the visible light spectrum, also known as soret 
peaks located on 405  nm wavelength. The endogenous 
porphyrin in Porphyromonas gingivalis is dimericiron 
protoporphyrin IX (μ-oxobishaem). The choice of pho-
tosensitizer for photodynamic therapy in dentistry is 
highly dependent on the light source used. Laser diode 
produces light with a range of visible and infrared light 
spectrum, so it can be applied for periodontitis therapy. 
Diode lasers are bactericidal and able to accelerate the 
process of coagulation and regeneration of periodontal 
tissues [18].

Several studies on photodynamic therapy for the bac-
teria Porphyromonas gingivalis and other periopatho-
genic bacteria have been reported. The use of blue LED 
instrumentation and the addition of exogenous photo-
sensitizers with energy density of 16.19  J/cm2 caused 
the inactivation of S. aureus bacteria up to 91% [19]. An 
exposure of P. gingivalis with 405 nm diode laser and 4 J/
cm2 energy density inhibits the growth of P. gingivalis 
bacteria up to 97%, while exposure with energy dose of 
8  J/cm2 inactivates almost 100% P. gingivalis [20]. These 
researches have proven that the use of visible light diode 

laser instrumentation, with or without the addition of 
photosensitizer, can inactivate periopathogenic bacteria 
in the photodynamic therapy.

The process of bacterial inactivation in photodynamic 
therapy involving combined use of lasers and antibiotics 
[21]. The combination of diode laser with antibiotics has 
been carried out to increase the effectiveness of bacterial 
inactivation. Doxycycline, an antibiotic type of bacterio-
static tetracycline, plays a role in reducing the formation 
of polysaccharides [22]. It has been proven to inhibit col-
lagen-destroying enzymes and suppress the growth rate 
of the bacteria A. actinomycetemcomitans. Doxycycline 
0.1% also acts as an exogenous photosensitizer for its 
absorbance in 375–780 nm wavelength. The administra-
tion of low-dose antibiotics will minimize adverse effects 
without causing antibiotic resistance in the bacteria [23]. 
The results of previous studies showed the ability of low 
dose doxycycline 0.1% as photosensitization agent com-
bined with a diode laser treatment to reduce bacterial 
biofilms in vitro [24].

This study aimed to determine the effectiveness of 405-
nm diode laser photodynamic therapy with an energy 
density of 8  J/cm2, with and without doxycycline 0.1%, 
in a Wistar rat model of periodontitis with a variation 
of four therapies on day 1, 3, 5, and 7. The representa-
tive factors that can indicate local changes as the effect 
of laser are histopathological and histomorphometric of 
periodontal tissue. Histopathology of wounds is a very 
helpful tool to exclude a malignancy cause, monitor heal-
ing progress in the course of treatment, better under-
stand the pathophysiology of non‐healing wounds, assess 
morphological changes and help with diagnosis. In this 
study the expression level of histopathological calculated 
by measuring the number of macrophages, lymphocytes 
and fibroblasts. Histomorphometry is broadly defined as 
the measurement of the shape or form of a tissue. Quan-
titative analysis of bone architecture is achieved using 
bone histomorphometry which provides valuable infor-
mation on the amount of bone and its cellular activity. 
While the expression level of histomorphometric meas-
urement involved calculating the distance between the 
CEJ-AV.

Methods
Wistar rat model of periodontitis
The experimental animals were purchased from the 
Faculty of Veterinary Medicine, Airlangga University 
(acquired from private research source) to ensure that 
the experimental animals used came from the desired 
strain. The randomized in  vivo treatment including 60 
male Wistar rats each that were acclimatized for 7 days 
and had following characteristics: (1) clinically healthy; 
(2) age ± 12  weeks; and (3) weight ± 200  g. Ethical 
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considerations used here granted by Animal Care and 
Use Committee under Faculty of Veterinary Medicine, 
Airlangga University. Ethical clearance No. 736-KE is 
in accordance with treatment protocols for experimen-
tal animals (see Additional file  5: Ethical clearance). 
Each rat was induced with Porphyromonas gingivalis 
ATCC33277 sample solution (0.2 ml 1 × 109 CFU/ml) in 
the gap between the gums and teeth (subgingival area) of 
the first molars [26]. Bacterial injection was administered 
using a 1-cc syringe into the subgingival of the left and 
right lower molar teeth. Experimental animals that were 
administered the infection were then left for 14  days to 
allow the development of periodontitis [5].

Therapeutic administration procedures
At this stage the researchers were careful to prevent 
several factors that cause discomfort, distress, pain and 
death in rats.

Euthanasia procedures for experimental animals 
and collection of preparations
Sampling and euthanasia of experimental animals was 
carried out on each group of rats after being given treat-
ment. First, euthanasia was performed on Wistar rats 
by neck (cervical) dislocation. The euthanasia method 
aims to separate the skull and brain from the spinal cord 
due to pressure on the skull base. The spinal cord which 
functions to control respiration and heart activity will be 
damaged and then the breathing will stop, blocking blood 
flow which causes death [26]. As soon as the rats have 
become unresponsive, surgery can be performed. Man-
dibular tissue can be obtained and incised with a scapel 
and then put in a 10% neutral formaline buffer solution 
in the urine pot. After that, the remaining animals were 
burned in an incinerator.

Light source
The diode laser (Sony, Japan) emitted a wavelength 
405  nm with a stable output power of 30.45  mW, was 
tested using the Jasco CT-10 monochromator (Jasco, 
Spain). Spot area focus is 0.152 ± 0.009  cm2. Tempera-
ture measurements during irradiation showed stability in 
32 ± 0.20  °C. The irradiation was performed for 40  s to 
each target area, delivering 1.22  J of energy with energy 
density of 8  J/cm2. Energy density represents the thera-
peutic dose administration on target tissue and represent 
the product of output power and irradiation time, divided 
by irradiated area. Irradiance is the radiant flux received 
by some surface per unit area. Laser energy is the output 
power multiplied by the irradiation time. Energy density 
was calculated as follows [27]:

The laser parameter showed at Table 1 (see Additional 
file  1: Meta data-1 Characterization of diode laser for 
more details).

Treatment procedure
Samples of 60 wistar rats were divided into the follow-
ing five groups: Group S, as the non-periodontitis con-
trol group without treatment; Group P, the periodontitis 
group without treatment; Group PL, the periodontitis 
group with diode laser treatment; Group PD, the peri-
odontitis group with doxycycline treatment; and Group 
PLD, the periodontitis group with doxycycline treatment 
combined with diode laser treatment. Each group made 
of 3 replications and the therapy conducted in 4 time 
periods, with 2  days interval (day 1, 3, 5 and 7). Diode 
laser treatment (Group PL) used 405-nm wavelength 
with energy density 8 J/cm2. This therapy was conducted 
using irradiation beam perpendicular to the periodontitis 
area within 1 cm distance. Doxycycline treatment (Group 
PD) was administered using 0.1 g doxycycline diluted in 
100 ml distilled water to obtain 0.1% concentration. Next, 
a microbrush was dipped in the doxycycline solution and 
applied to the periodontitis area. In the PLD therapy, 
doxycycline was applied first; then after 30 s, diode laser 
therapy was performed [28].

energy density
(

J/cm2
)

= irradiance
(

W/cm−2
)

× irradiation time (s)

laser energy (J) = output power(W)

× irradiation time (s)

Table 1 The parameter of laser diode

Laser parameters
Parameter Value

Emitter type Laser diode

Center wavelength 405 ± 0.07 nm

Operating mode Continuous wave (CW)

Polarization Linear

Beam spot size at target ≈ 1.52 ± 0.01 mm2

Beam divergence ≈ 12.4° parallel to beam

≈ 24.8° perpendicular to the beam

Application technique 1 cm perpendicular to tissue

Aperture diameter 0.44 cm

Power 30.45 ± 0.08 mW

Beam shape Circular

laser exposure time 40 s

Spectral bandwidth 10 nm

energy density 8 J/cm2
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Histopathological analysis of macrophages, lymphocytes 
and fibroblasts of the periodontal tissue
The expression level of macrophages, lymphocytes, and 
fibroblasts cells was calculated by measuring the number 
of cells in each sample. Observations were made using 
a Nikon Eclipse E-200 (Nikon, Japan) microscope at 
400 × magnification.

Histomorphometric analyses of the distance 
between the CEJ‑AV
Histomorphometric calculation is the calculation 
approved by the ASBMR; used as one of the parameters 
to determine the degree of periodontitis pain [4, 5]. Pre-
ceding the calculation of CEJ-AV distance, the micro-
scope was calibrated to obtain the units in micrometers 
(µm). Then, the CEJ-AV distance of the first molar in 
each sample were measured. Observations were made 
using a Nikon Eclipse E-200 (Nikon, Japan) microscope 
at 100 × magnification.

Statistical analysis
Analysis of the parametric and data distribution normal-
ity in this study were performed using One-Way ANOVA 
and post-hoc Duncan test to obtain the mean difference 
between each treatment groups. Meanwhile, statistical 
analysis for non-parametric scale data was performed 
using the Kruskal–Wallis and Mann–Whitney follow-up 
test.

Results
The diode laser used here has peak specification in 
379.81 ± 5.11  nm wavelength. The wavelengths are in 
accordance with the absorption spectrum range of both 
Porphyromonas gingivalis bacteria and doxycycline that 
were used as exogenous photosensitizers in this study. 
Previous reports have shown doxycycline absorption 
spectrum within range 375–380  nm [24]. Lasers with 
specific power and duration of radiation play an impor-
tant role in the tissue interaction. In our photodynamic 
therapy, a photochemical interaction of 30.45 mW low 
laser power was observed. The temperature generated by 
diode laser during exposure for 5 min was in the range of 
31.20 ± 0.06 °C. The temperature tended to fluctuate dur-
ing exposure; however, still classified as ambient temper-
ature and therefore did not cause photothermal effects. 
The radiation density was 8 J/cm2, and the exposure time 
was 110 s.

The expression level of macrophages, lymphocytes, 
and fibroblasts cells
The expression levels of macrophages, lymphocytes, and 
fibroblasts were measured by observing the anatomic 
histopathology based on the administration of treatment 
combinations and the amount of therapy. The results of 
average measurements comparison in each group are 
presented in Tables 2, 3 and 4 (see Additional file 2: Meta 

Table 2 The expression level of  macrophages with  the  administration of  a  combination of  treatments and  various 
amount of therapy

Group Day 1 Day 3 Day 5 Day 7

Mean SD Mean SD Mean SD Mean SD

S 5.00 1.00 4.00 1.00 5.00 1.73 5.00 1.00

P 9.33 2.08 7.67 0.58 10.00 2.00 8.67 2.08

PL 6,33 1.53 6.00 0.00 7.00 1.73 5.67 2.08

PD 5.33 0.58 4.67 1.15 5.00 1.73 4.67 2.89

PLD 4.00 0.00 3.00 0.00 3.67 1.15 3.00 1.00

Table 3 The expression level of lymphocytes with the administration of a combination of treatments and various amount 
of therapy

Group Day 1 Day 3 Day 5 Day 7

Mean SD Mean SD Mean SD Mean SD

S 3.67 0.58 3.00 0.00 4.67 0.58 4.00 0.00

P 5.00 1.00 5.33 0.58 5.33 0.58 4.33 0.58

PL 5.33 1.15 8.33 0.58 7.33 0.58 6.67 1.15

PD 7.33 2.52 9.67 2.31 8.33 0.58 8.67 1.53

PLD 9.00 1.73 11.67 3.21 10.33 0.58 10.00 1.73
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data-2 Histopathology and histomorphometric for more 
details).

Table  2 shows the expression level of macrophages 
with the administration of treatment combinations and 
various level of therapy. Macrophages, lymphocytes and 
fibroblasts on a nonparametric scale were analyzed by 
Kruskal–Wallis and the Mann–Whitney follow-up test. 
Based on the statistical analysis, the expression level of 
macrophages in Group S has no significant difference 
on day 1 to day 7, this result was also observed in Group 
P. However, both these groups were significantly differ-
ent on each day. Accordingly, a significant difference 
from day 1 to day 7 was also shown in the Group PLD 
against Group P. The data obtained showed a decrease in 
the expression level of macrophage on day 1 to day 7 in 
Group PLD. Group PL was significantly different from 
Group P on day 1 and day 3, but not significantly differ-
ent from Group S on day 1 to day 7. The expression level 
of macrophages in Group PD was significantly different 
from that in Group PLD on all days; however, it was only 
significantly different from Group P on day 3.

Table 3 shows the expression level of lymphocytes with 
the administration of treatment combinations and vari-
ous levels of therapy. The statistical analyses of expres-
sion level of lymphocytes showed that the expression in 
Group S were not significantly different, except in com-
parison between day 3 versus 5 and in day 3 versus 7. In 
Group P, the level did not differ significantly on each day. 
However, the lymphocyte expression levels in the normal 
group and Group P were significantly different from that 
in Group PLD. High level of expression on each day was 
shown in the PL and PLD groups with a significant dif-
ference between the two on day 5. The highest levels of 
lymphocyte expression were found on day 3 in Group PL 
and Group PLD. Meanwhile, Group PLD did not show 
significant differences in the expression levels on each 
day. The expression level of lymphocytes in Group PD 
was highest on day 3 and was significantly different from 
that in Group P.

Table  4 shows the expression level of fibroblasts with 
the same parameters. In Group S, the fibroblast expres-
sion level was not significantly different on day 1 to day 
7; however, it was higher than that in the other groups on 
each day. In contrast, the expression level of fibroblasts 
in Group P was not significantly different and was lower 
than that in the other groups on each day. In the treat-
ment groups, the fibroblast expression level in group PLD 
was not significantly different; however, it was higher 
than that in the other treatment groups on each day, with 
the lowest fibroblast expression level on day 1 and the 
highest on day 5. Despite significant differences occurred 
with Group P for all days, some in PL and mostly differ-
ent with PD, Group PLD did not differ significantly with 
Group S. For Group PD, the fibroblast expression level 
increased after treatment on day 3 to day 7 with a signifi-
cance difference when compared to Group P and without 
a significant difference in comparison to Group S on day 
7.

The expression level of the Cemento Enamel Junction (CEJ) 
and the alveolar bone (AV) of the periodontal tissue
The first analysis is the distance calculation between the 
Cemento Enamel Junction (CEJ) and the alveolar bone 
(AV). This analysis is also called the histomorphometric 
analysis and has been approved by the ASBMR commit-
tee [29]. Table  5 shows the comparison of the CEJ-AV 
distance in each treatment group. The CEJ-AV data from 
the research results were analyzed using the one way 
ANOVA test with the Statistical Package for the Social 
Sciences or Statistical Product and Service Solutions 
(SPSS) version 21 program. The test performed includ-
ing data normality and homogeneity (with Kolomogo-
rov-Smirnov and Levene’s Test). The test results showed 
data were normally distributed and homogeneous with 
p = 0.547 and p = 0.67 > α = 0.05 respectively. Further-
more, the One-Way ANOVA test was carried out to 
determine the differences in each treatment. The analysis 
showed that there were significant differences between 
treatments (p = 0 < α = 0.05). Then the post hoc test was 

Table 4 The expression level of fibroblasts with the administration of a combination of treatments and various amount 
of therapy

Group Day 1 Day 3 Day 5 Day 7

Mean SD Mean SD Mean SD Mean SD

S 32.67 4.62 32.67 5.03 34.33 1.53 34.33 3.06

P 18.67 0.58 18.33 2.31 19.33 1.53 21.67 3.21

PL 25.33 1.15 25.67 0.58 28.00 1.00 28.00 2.65

PD 22.00 1.73 21.00 1.73 24.33 0.58 27.67 8.50

PLD 30.00 4.00 30.67 0.58 34.00 3.61 32.33 3.06
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carried out using the Duncan test to see the average dif-
ference between groups. The statistical analysis of CEJ-
AV bone distance in S group showed there were a slight 
difference, while in P group showed a slight increase but 
were not significantly different (see Additional file  3: 
Meta data-3 Statistical analysis for more details).

Significant difference observed in the CEJ-AV distance 
for PL group on day 1, 5 and 7, PD group on day 3 and 
PLD group on day 5 and 7 compared to control, S group. 
Histomorphometric analysis images showing an associa-
tion of the CEJ-AV distance with an increased degree of 
periodontitis pain [4, 5]. Figures  1, 2, 3, 4 and 5 shows 
histomorphometric images of the distance between CEJ-
AV on day 1, 3, 5 and 7.

Table 4 shows that were a slight increase in the degree 
of periodontitis in the doxycycline group but no signifi-
cant difference. Doxycycline is a type of tetracycline that 
works by inhibiting bacterial activity through the 30  s 
ribosome, called bacteriostatic; however, it does not inac-
tivate the bacteria. Porphyromonas gingivalis has been 
reported as a bacterium that causes damage to the bone 
tissue through LPS virulence factors that inhibit osteo-
blast differentiation [8]. Alveolar bone damage in the 
periodontal tissue is characterized by bone resorption in 
the bone tissue, known as resorption bays (lacuna how-
ship) [30]. Osteoclasts, cells that cause bone resorption, 
are branched motile cells with many nuclei; they are usu-
ally located in the lacuna howship [31]. Greater damage 
to alveolar bone can be interpreted as an increase in the 
degree of pain in periodontitis that may lead to tooth 
decay. The administration of doxycycline and diode laser 
treatment lower the degree of pain in each treatment on 
day 1 to day 7, as indicated by the decreasing CEJ-AV dis-
tance observed here.

Figure  6 shows the histopathological image of the 
alveolar bone in rats. This figure show there were no 
morphological changes in the periodontal tissue of the 
control (S/healthy) rat group. As predicted, the peri-
odontitis rats group showed damage in the periodontal 
tissue structure, both in the periodontal ligament and 

the alveolar bone. Moreover, in this group, we observed 
damage in periodontal pockets of the alveolar bone, and 
loss of most of the alveolar bone structure, characterized 
by chronic periodontitis on day 7 [4, 5].

Figure  6 also depicts the histology scores of alveolar 
bones in each treatment group. A large amount of lacuna 
howship was observed in the groups of periodontis rats, 
including the negative control group, and those treated 
with diode laser only as well as doxycycline only. It is 
worth noting that the doxycycline treatment group had 
an increased alveolar bone resorption score, consistent 
with the increasing of CEJ-AV distance (Table  4). The 
alveolar bone resorption score increase indicates alveolar 
bone degradation and decrease of alveolar bone density, 
thus lead to CEJ-AV increasing distance [32]. Contrarily, 
the doxycycline treatment group combined with a diode 
laser indicates alveolar bone tissue repair (bone remode-
ling), proven by the CEJ-AV distance decrease (see Addi-
tional file 4: Meta data-4 Raw Data of Histology Score for 
more details).

Discussion
Laser diode produces light spectrum within range of vis-
ible and infrared light, making it applicable for periodon-
titis therapy. Laser treatment given to periodontitis rats 
have shown antibacterial effects, indicated by the level of 
macrophage expression which is not significantly differ-
ent compared to healthy rats. The lymphocyte expression 
level tended to be higher than the periodontitis group 
with significant differences observed on the third, fifth, 
and seventh day. Fibroblasts component increased after 
the initial administration of therapy, therefore did not 
differ significantly in the healthy group on the seventh 
day. Alveolar bone tissue repair observed after admin-
istration by fifth day, marked with CEJ-AV distance 
decrease during fifth and seventh days. First day admin-
istration of laser therapy showed that the CEJ-AV dis-
tance was not different from the healthy group. Various 
research results show that the laser acts as a stimulator 
that triggers the de-epitheliazation process and increases 

Table 5 Comparison of the Cemento Enamel Junction and the alveolar bone (CEJ-AV) distance in each treatment group

Note: Index after Mean on the data represent by the same superscript shows no significant difference from the Duncan test results

Group Day 1 Day 3 Day 5 Day 7

Mean SD Mean SD Mean SD Mean SD

S 513.01a,b 156.11 497.88a 101.30 508.91a,b 41.06 461.56a 41.06

P 893.61a,b,c,d 316.78 1.123.23d 170.60 964.54b,c,d 208.00 995.54c,d 34.78

PL 569.25a,b,c 87.74 780.78a,b,c,d 255.71 662.65a,b,c 58.83 644.97a,b,c 52.50

PD 759.38a,b,c,d 82.08 582.26a,b,c 44.28 680.14a,b,c,d 185.03 797.25a,b,c,d 91.49

PLD 695.96a,b,c,d 53.56 695.95a,b,c,d 52.66 603.14a,b,c 51.65 538.27a,b,c 49.53
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Fig. 1 Histomorphometric images of the distance between Cemento Enamel Junction (CEJ) and alveolar bone (AV) on Group Healthy (S) from 
day-1; 3; 5; and 7 with Haematoxylin and Eosin (H&E) Staining, × 400 magnification
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Fig. 2 Histomorphometric images of the distance between Cemento Enamel Junction (CEJ) and alveolar bone (AV) on Group Periodontitis (P) from 
day-1; 3; 5; and 7 with Haematoxylin and Eosin (H&E) Staining, × 400 magnification
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Fig. 3 Histomorphometric images of the distance between Cemento Enamel Junction (CEJ) and alveolar bone (AV) on Group Diode Laser 
treatment (PL) from day-1; 3; 5; and 7 with Haematoxylin and Eosin (H&E) Staining, × 400 magnification
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Fig. 4 Histomorphometric images of the distance between Cemento Enamel Junction (CEJ) and alveolar bone (AV) on Group Doxycyclin 
treatment (PD) from day-1; 3; 5; and 7 with Haematoxylin and Eosin (H&E) Staining, × 400 magnification
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Fig. 5 Histomorphometric images of the distance between Cemento Enamel Junction (CEJ) and alveolar bone (AV) on Group Diode 
Laser-Doxycyclin treatment (PLD) from day-1; 3; 5; and 7 with Haematoxylin and Eosin (H&E) Staining, × 400 magnification
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vascular permeability [12]. Both processes are known to 
inhibit growth factor down-regulation and increase the 
infiltration of immunocompetent cells [33]. In addition, 
lasers have been known to trigger the release of various 
pro and anti-inflammatory mediators such as IL-1, IL-2, 
IL-6, IL-8, IL-10, IL-1β, TNFα, and G-CSF [32, 34, 35].

There was a significant difference between the healthy 
rat group and the periodontitis rat group based on cal-
culation in expression level of histopathological analysis. 
The expression level of macrophages and lymphocytes 
in the healthy rat group was lower compared to other 
group. However, the fibroblasts expression level was sig-
nificantly higher than periodontitis group. Lipopolysac-
charides along with other virulence factors are known 
to have the ability to modulate the host defense system 
that affects immune down-regulation [25]. The failure 
of innate-immunity in antigens elimination affects the 
adaptive-immunity system sustainability [34]. In this 
condition, macrophages also act as the antigen-present-
ing cell components, capable of recognizing bacteria 
and releasing inflammatory mediators [8]. B lympho-
cytes are involved in bacterial resistance through anti-
gen–antibody reaction, while T lymphocytes mediate 
host defenses against responses in forming T helper 
(CD4 + Th) and T cytotoxic (CD8 + cytotoxic) subsets 
[31]. Failure to overcome the presence of antigens causes 
the release of various pro-inflammatory mediators, such 
as IL-1β and TNFα, furthermore, leading to tissue dam-
age [36]. The high expression of macrophages and other 
proinflammatory mediators can be associated with tissue 
damage occurrence [5].

Histomorphometric observation results showed a sig-
nificant increase in the CEJ-AV distance in the healthy 
group and the periodontitis group. This increase is 

believed to be the result of bone resorption indicator that 
occurs in the alveolar bone and become popular method 
used by many researchers [4, 5, 30].

Bone resorption is one of the physiological responses 
to prevent bacterial infection using osteoclasts [31]. 
The differentiation, activation, and survival ability of an 
osteoclast is influenced by RANKL and osteoprotegrin 
produced by  M2 macrophage components [32]. Osteo-
protegrin is also produced from the release of IL-10 
cytokines by  Th2 lymphocytes [34]. If RANKL binds 
more M1 macrophage RANK receptor, then M1 mac-
rophages produces inflammatory mediators to activate 
the osteoclasts into maturity [30]. On the other hand, if 
osteoprotegrin can bind more RANKL, fibroblast com-
ponents can be activated through the production of vari-
ous mediators growth factor (GF) [35]. This mediator will 
activate osteoblasts that influence bone tissue remodeling 
as well as fibroblasts in the formation of collagen matrix. 
Alveolar bone tissue that has been repaired is known as 
woven bond (small bones) and can be associated with a 
decrease in the CEJ-AV distance [31].

The use of diode lasers in the photodynamic therapy 
is recognized as a therapeutic modality in the bacterial 
inactivation process. Various reactive oxygen species are 
produced in the photophysical process through suitabil-
ity of hematogenphyrin porphyrin absorption spectrum 
in P. gingivalis bacteria [36]. In addition to providing an 
antibacterial effect, this research demonstrates the role 
of laser as a therapy that affects the host immune system 
in cases of chronic inflammation, referred to as immu-
nomodulatory therapy. Photodynamic therapy is believed 
to have no effect on human gingival fibroblast tissue 
(HGF) through the elimination of photobiological effects 
[37]. Furthermore, lasers act as the stimulators that trig-
ger de-epitheliazation and increase vascular permeability 
[38]. Both these processes inhibit growth factor down-
regulation and increase the infiltration of immunocom-
petent cells.

Doxycycline antibiotics given to the periodontitis rats 
have shown antibacterial effect. This is demonstrated by 
an increase in the lymphocyte expression and inversely, a 
decrease in the macrophage expression on day 3, signifi-
cantly different from periodontitis rat group. Increased 
fibroblast expression was observed following the admin-
istration of doxycycline on day 5 that continued to rise on 
day 7 with no significant difference in comparison to the 
healthy rat group. According to the histomorphometric 
analysis, the CEJ-AV distance following the administra-
tion of therapy on day 3 was not different from healthy 
rats. However, the distance was distinctive compared 
to periodontitis rats. Meanwhile, we observed increas-
ing CEJ-AV distance until day 7. Moreover, the expres-
sion level of each immunocompetent cell indicates tissue 

Fig. 6 Comparison chart of the histology scores of the alveolar 
bones in each treatment group
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repair, especially shown in macrophages cells decrease as 
well as increasing of fibroblasts number.

Photodynamic therapy with the addition of exog-
enous photosensitizer elements has been widely used 
and increased the effectiveness of therapy, especially in 
the inactivation of bacteria [24, 27]. In addition, the use 
of low-dose antibiotics combined with photodynamic 
therapy aim to avoid increasing bacterial resistance to 
antibiotics [19]. The suitability of doxycycline absorption 
spectrum causes photosensitizer molecules to be excited, 
thus generating the type 1 and type 2 photochemical 
effects. Various free radicals, especially peroxide com-
pounds, have an impact on bacterial death. The diode 
laser indirectly acts as an immune system modulator. If 
the presence of antigens can be overcome, macrophage 
components will undergo lysis so that their quantity 
depleted. Thus, it can be assumed that the reduction in 
proinflammatory mediators and the increase in anti-
inflammatory mediators induce tissue repair. Increased 
expression level of fibroblasts that play a role in the new 
extracellular matrix also supports tissue re-modelling 
[30].

The periodontitis manifestations depend on response 
between the host defense tissue with pathogenic bacteria 
which involves innate and adaptive immunity [34]. Innate 
immunity is the host’s initial defense system against bac-
teria that works quickly, but has low specificity and diver-
sity. If the bacteria (antigen) activity cannot be resolved, 
the adaptive immunity response will automatically 
begin to work. On the other side, the adaptive immunity 
response is a specific immune response to an antigen, 
divided into two types of responses, namely cell-mediated 
immunity (cellular immunity) and humoral immunity. 
Cellular immunity is a response that works with specific 
antigens and induces apoptosis, while humoral immunity 
is a response which regulates antibodies against foreign 
antigens. The two immune system responses work col-
laboratively returning the inflamed tissue to homeostasis 
[39].

The response mechanism to pathogenic bacteria in per-
iodontal tissue begins with the response of several leuko-
cyte and endothelial cell infiltrations [34]. In this phase, 
the metabolic products of bacteria, such as lipopolysac-
charides, induce the tissue to produce cytokines and 
neuropeptides which cause blood vessels vasodilation. 
The released neutrophils leave the blood vessels and tar-
get the inflamed area in response to chemokines. In the 
early lesion phase, the number of neutrophils increases in 
connective tissue and marked by presence of several leu-
kocyte cells such as macrophages, lymphocytes, plasma 
cells, and mast cells. The transition phase from innate 
immunity to humoral immunity occurs in the established 
lesion phase which is dominated by macrophages, plasma 

cells, and B and T lymphocytes. In addition, in this phase 
fibroblasts begin to produce collagen which repairs blood 
vessels. The transition from gingivitis to periodontitis is 
the last phase (advanced lesion) which is characterized by 
periodontal pocket erosion that deepens to alveolar bone 
destruction and observe-able histologically and clinically. 
In this phase there is an extension of the infiltration pro-
cess of inflammatory cells which is also characterized by 
reduced collagen; as well as increase in number of lym-
phocytes, plasma cells, and macrophages that play an 
active role in chronic inflammation. Inflammation is the 
first physiological response mechanism as a host defense 
system against local bacterial aggregation in tissue [34]. 
Inflammation can be described by means of inflamma-
tion, resolution, and healing that involve several com-
ponents of the immune system that interact to protect 
periodontal tissue. Some of these important components 
can be explained by their roles and functions as follows:

• Lymphocytes are one type of leukocyte cells that 
play an important role in the body’s defense system 
against antigens, especially and consist of B cells, T 
cells, and Natural Killer cells (NK-cells). B cells dif-
ferentiated in the bone marrow and work by produc-
ing antibodies, whereas, T cells are differentiated in 
the thymus gland and act against specific antigens by 
producing T helper and also T cytotoxic. At the cel-
lular level, if the number of lymphocytes decreases, 
the body’s ability to deal with antigens, such as bacte-
ria, will decrease [40].

• Macrophages are a type of white blood cell and 
are the adult forms of monocytes that can migrate 
through blood vessels. Macrophages (macros and 
phagens) play an important role in the innate immu-
nity system, which works by recognizing foreign anti-
gens with toll-like receptors (TLRs) and consuming 
foreign antigens (phagocytosis). Macrophages are 
said to be the main agents that produce metabolic 
secretions that cause damage to connective tissue 
to alveolar bone damage [41]. Macrophages play a 
role in the regulation of inflammation that occurs, 
depending on their function, macrophages can pro-
duce pro or anti-inflammatory mediators.

• Fibroblasts are the most common cells found in con-
nective tissue and play a role in the tissue repair pro-
cess through the synthesis of extracellular matrix 
components, one of which is the process of rebuild-
ing blood vessels (angiogenesis) [30]. Fibroblasts will 
be active when the host defense system is damaged 
and so they will proliferate (fibrogenesis). The pro-
cesses of fibrogenesis and angiogenesis are regulators 
for determining the function of macrophages.
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In this study, researchers had limited information 
about the antibacterial effects produced through pho-
todynamic therapy using diode lasers combined with 
doxycycline photosensitizers. Several studies in the use 
of photodynamic therapy that have been performed on 
rat with periodontitis have used more specific measure-
ment methods, such as radiological features for meas-
uring the CEJ-AV distance. In addition, specific pro/
anti-inflammatory cytokines were used for determin-
ing the extent of tissue damage such as IL-1β, IL-6, 
 PGE2, TNFα and repair of VEGF, HGF, COL-1A tissues 
have been conducted, although a different therapeutic 
method was used.

Conclusion
The results showed that the combination treatment of 
doxycycline 0.1% and laser exposure yielded immu-
nomodulatory effects. The expression level of mac-
rophage cells decreased from day 1 (5.00 ± 1.00) to 
day 7 (2.00 ± 0.00) and the highest level of lymphocyte 
cells was on day 3 (11.67 ± 3.21). The healing process 
that is mediated by the expression level of fibroblast is 
similar to that in healthy rats, especially on day 5 of the 
therapy (34.00 ± 3.61). The histomorphological analysis 
performed by measuring the distance between CEJ-
AV bone resulting 538.27 ± 88.94 µm, showed that the 
combination of doxycycline and laser therapy exerted 
healing effect in rat models of periodontitis on day 7. 
Based on immunocompetent cells and the histomor-
phological analysis that measured the macrophage 
cells, lymphocyte cells, fibroblast and CEJ-AV distance, 
it can be concluded that the combination of doxycy-
cline and laser therapy provide a healing effect in rats 
models of periodontitis.

Supplementary Information
The online version contains supplementary material available at https ://doi.
org/10.1186/s1290 3-021-01435 -0.

Additional file 1. Meta data-1 Characterization of diode laser.

Additional file 2. Meta data-2 Histopathology and histomorphometric.

Additional file 3.  Meta data-3 Statistical analysis.

Additional file 4.  Meta data-4 Raw Data of Histology Score.

Additional file 5.  Ethical clearance.

Abbreviations
CEJ-AV: Cemento Enamel Junction and the alveolar; ROS: Reactive oxygen 
species.

Acknowledgements
The Authors would like to say thank to member of Biophysics and Dentistry 
Laboratory Airlangga University for supporting Laboratories Work.

Authors’ contributions
Conceptualization: SDA, IBU, EMS; Methodology: SDA, EMS, MK, HP; Investiga-
tion: IBU; Statistical Analysis: IBU, MK; Writing—Original Draft Preparation: 
IBU, SDA, KAA; Writing—Review and Editing: SDA, EMS, MK, HP, DA, KAA; 
Supervision and Project Administration: SDA, EMS, MK, HP, DA. All authors have 
approved the final version of the manuscript.

Funding
This research is supported by Grant from Directorate General of Indonesian 
Higher Education Research and Technology and Internal research (Grant 
number: 2575/UN4.21/LK.23/2017 and 372/UN3.14/PT/2020) for the purpose 
of purchasing and caring of experimental animals, preparation and testing of 
materials, purchasing of chemicals, isolates and dyes.

Availability of data and materials
The datasets analyzed during the current study are available from the cor-
responding author on reasonable request.

Ethics approval and consent to participate
The study was designed according to the “Declaration of Helsinki” and 
approved by the Animal Care and Use Committee under the Faculty of 
Dentistry, University of Airlangga (Ethical Clearance No. 736-KE; see Additional 
file 5: Ethical clearance).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Physics, Faculty of Science and Technology, Universitas 
Airlangga, Mulyorejo Street, Campus C Universitas Airlangga, Surabaya 60115, 
Indonesia. 2 Biomedical Engineering Master Program, Faculty of Science 
and Technology, Universitas Airlangga, Surabaya 60115, Indonesia. 3 Biophys-
ics and Medical Physics Research Group, Faculty of Sciences and Technology, 
Universitas Airlangga, Surabaya 60115, Indonesia. 4 Department of Periodon-
tology, Faculty of Dentistry, Universitas Airlangga, Surabaya 6011, Indonesia. 
5 Department of Chemistry, Faculty of Science and Technology, Universitas 
Airlangga, Surabaya 60115, Indonesia. 6 Department of Biology, Faculty 
of Science and Technology, Universitas Airlangga, Surabaya 60115, Indonesia. 
7 Faculty of Voccasional, Universitas Airlangga, Surabaya 60115, Indonesia. 

Received: 16 October 2020   Accepted: 9 February 2021

References
 1. Meyle J, Chapple I. Molecular aspects of the pathogenesis of periodonti-

tis. Periodontology. 2000;69(1):7–17. https ://doi.org/10.1111/prd.12104 .
 2. Hajishengallis G. Immunomicrobial pathogenesis of periodontitis: key-

stones, pathobionts, and host response. Trends Immunol. 2014;35(1):3–
11. https ://doi.org/10.1016/j.it.2013.09.001.

 3. Khan SA, Kong EF, Meiller TF, Jabra-Rizk MA. Periodontal diseases: bug 
induced, host promoted. PLoSPathog. 2015;11(7):e1004952. https ://doi.
org/10.1371/journ al.ppat.10049 52.

 4. Bhattarai G, Poudel SB, Kook SH, Lee JC. Resveratrol prevents alveolar 
bone loss in an experimental rat model of periodontitis. ActaBiomater. 
2016;29:398–408. https ://doi.org/10.1016/j.actbi o.2015.10.031.

 5. Aguirre JI, Akhter MP, Neuville KG, et al. Age-related periodontitis and 
alveolar bone loss in rice rats. Arch Oral Biol. 2017;73:193–205. https ://doi.
org/10.1016/j.archo ralbi o.2016.10.018.

 6. Talebi-Ardakani MR, Torshabi M, Karami E, Arbabi E, Esfahrood ZR. In vitro 
study of Er:YAG and Er, Cr:YSGG laser irradiation on human gingival fibro-
blast cell line. Acta Med Iran. 2016;54(4):251–5.

 7. Colombo APV, Bennet S, Cotton SL, et al. Impact of periodontal therapy 
on the subgingivalmicrobiota of severe periodontitis: comparison 
between good responders and individuals with refractory periodontitis 
using the human oral microbe identification microarray. J Periodontol. 
2012;83(10):1279–87. https ://doi.org/10.1902/jop.2012.11056 6.

https://doi.org/10.1186/s12903-021-01435-0
https://doi.org/10.1186/s12903-021-01435-0
https://doi.org/10.1111/prd.12104
https://doi.org/10.1016/j.it.2013.09.001
https://doi.org/10.1371/journal.ppat.1004952
https://doi.org/10.1371/journal.ppat.1004952
https://doi.org/10.1016/j.actbio.2015.10.031
https://doi.org/10.1016/j.archoralbio.2016.10.018
https://doi.org/10.1016/j.archoralbio.2016.10.018
https://doi.org/10.1902/jop.2012.110566


Page 15 of 15Astuti et al. BMC Oral Health           (2021) 21:80  

 8. Belfield LA, Bennett JH, Abate W, Jackson SK. Exposure to Porphyromonas 
gingivalis LPS during macrophage polarisation leads to diminished 
inflammatory cytokine production. Arch Oral Biol. 2017;81:41–7. https ://
doi.org/10.1016/j.archo ralbi o.2017.04.021.

 9. Liu Y, Qin R, Zaat SA, Breukink E, Heger M. Antibacterial photodynamic 
therapy: overview of a promising approach to fight antibiotic-resistant 
bacterial infections. J ClinTransl Res. 2015;1(3):140–67. https ://doi.
org/10.18053 /jctre s.20150 3.002.

 10. Verdugo F, Laksmana T, Uribarri A. Systemic antibiotics and the risk of 
superinfection in peri-implantitis. Arch Oral Biol. 2016;64:39–50. https ://
doi.org/10.1016/j.archo ralbi o.2015.12.007.

 11. Yang S-W, Lee Y-S, Chang L-C, Hwang C-C. Clincopathological character-
istics and treatment outcomes of oral leukoplakia by carbon dioxide laser 
excision in the elderly patients. Head Neck. 2020;42:1014–23. https ://doi.
org/10.1002/hed.26074 .

 12. Astuti SD, Prasaja BI, Prijo TA. An in vivo photodynamic therapy with 
diode laser to cell activation of kidney dysfunction. J Phys Conf Ser. 2017. 
https ://doi.org/10.1088/1742-6596/853/1/01203 8.

 13. Kharkwal GB, Sharma SK, Huang YY, Dai T, Hamblin MR. Photody-
namic therapy for infections: clinical applications. Laser Surg Med. 
2011;43(7):755–67. https ://doi.org/10.1002/lsm.21080 .

 14 Astuti SD, Puspita PS, Putra AP, et al. The antifungal agent of silver nano-
particles activated by diode laser as light source to reduce C. albicans 
biofilms: an in vitro study. Laser Med Sci. 2019;34(5):929–37. https ://doi.
org/10.1007/s1010 3-018-2677-4.

 15. Zuzanna O, Łabuz P, Macyk W, Chomyszyn-Gajewska M. Antimicrobial 
photodynamic therapy—a discovery originating from the pre-antibiotic 
era in a novel periodontal therapy. PhotodiagnPhotodyn. 2015;12(Octo-
ber):612–8. https ://doi.org/10.1016/j.pdpdt .2015.10.007.

 16. Astuty SD, Suhariningsih BA, Astuti SD. The efficacy of photodynamic 
inactivation of the diode laser in inactivation of the Candida albicansbio-
films with exogenous photosensitizer of papaya leaf chlorophyll. J Lasers 
Med Sci. 2019;10(3):215–24. https ://doi.org/10.15171 /jlms.2019.35.

 17. Vatansever F, de Melo WC, Avci P, et al. Antimicrobial strategies centered 
around reactive oxygen species—bactericidal antibiotics, photodynamic 
therapy, and beyond. FEMS Microbiol Rev. 2013;37(6):955–89. https ://doi.
org/10.1111/1574-6976.12026 .

 18. Sigusch BW, Dietsch S, Berg A, Voelpel A, Guellmar A, Rabe U, Schnabel-
rauch M, Steen D, Gitter B, Albrecht V, Watts DC. Antimicrobial photo-
dynamic active biomaterials for periodontal regeneration. Dent Mater. 
2018;34(10):1542–54. https ://doi.org/10.1016/j.denta l.2018.06.026.

 19. Astuti SD, Mahmud AF, Pudjiyanto MY, Fitriyah N. Antimicrobial pho-
todynamic of blue LED for activation of curcumin extract (Curcuma 
longa) on Staphylococcus aureus bacteria, an in vitro study. J Phys 
Conf Ser. 2018;1120(2018):012073. https ://doi.org/10.1088/1742-
6596/1120/1/01207 3.

 20. Kotoku Y, Kato J, Akashi G, Hirai Y, Ishihara K. Bactericidal effect of 
a 405 nm diode laser on Porphyromonas gingivalis. Laser Phys Lett. 
2009;6(5):388–92. https ://doi.org/10.1002/lapl.20091 0011.

 21. Eroglu CN, Tunc SK, Erten R, Usumez A. Clinical and histological evalu-
ation of the efficacy of antimicrobial photodynamic therapy used in 
addition to antibiotic therapy in pericoronitis treatment. Photodiagn 
Photodyn. 2018;21:416–20. https ://doi.org/10.1016/j.pdpdt .2018.02.018.

 22. Jenner L, Starosta AL, Terry DS, et al. Structural basis for potent inhibitory 
activity of the antibiotic tigecycline during protein synthesis. Proc Natl 
Acad Sci. 2013;110(10):3812–6. https ://doi.org/10.1073/pnas.12166 91110 
/-/DCSup pleme ntal.

 23. Mlynek KD, Callahan MT, Shimkevitch AV, et al. Effects of low-dose 
amoxicillin on Staphylococcus aureus USA300 biofilms. Antimicrob Agents 
Chemother. 2016;60:2639–51. https ://doi.org/10.1128/AAC.02070 -15.

 24. Setiawatie EM, Lestari VP, Astuti SD. Comparison of anti bacterial 
efficacy of photodynamic therapy and doxycycline on aggregatibacter 
actinomycetemcomitans. Afr J Infect Dis. 2018;12(1S):95–103. https ://doi.
org/10.21010 /ajid.v12i1 S.14.

 25. Ding Y, Ren J, Yu H, Yu W, Zhou Y. Porphyromonas gingivalis, a periodontitis 
causing bacterium, induces memory impairment and age-dependent 

neuroinflammation in mice. Immun Ageing. 2018;15(1):6. https ://doi.
org/10.1186/s1297 9-017-0110-7.

 26. Sharp T, Saunders G. Development of a model code of practice and 
standard operating procedures for the humane capture, handling or 
destruction of feral animals in Australia. Orange: New South Wales 
Department of Primary Industries; 2004.

 27. Astuti SD, Arifianto D, Drantantiyas NDG, Aulia MTN, Abdurachman. 
Efficacy of CNC-diode laser combine with chlorophylls to eliminate 
Staphylococcus aureus biofilm, IEEE Xplore. 2017. INSPEC Accession Num-
ber: 16563895. https ://doi.org/10.1109/ISSIM M.2016.78037 22.

 28. Vinod KS, Sunil KS, Sethi P, Bandla RC, Singh S, Patel D. A Novel herbal 
formulation versus chlorhexidine mouthwash in efficacy against oral 
microflora. J IntSoc Prev Commun Dent. 2018;8(2):184–90. https ://doi.
org/10.4103/jispc d.JISPC D_59_18.

 29. Dempster DW, Compston JE, Drezner MK, et al. Standardized nomencla-
ture, symbols, and units for bone histomorphometry: a 2012 update of 
the report of the ASBMR Histomorphometry Nomenclature Committee. 
JBMR. 2012;28(1):2–17. https ://doi.org/10.1002/jbmr.1805.

 30 Lee CT, Teles R, Kantarci A, et al. Resolvin E1 reverses experimental peri-
odontitis and dysbiosis. J Immunol. 2016. https ://doi.org/10.4049/jimmu 
nol.16008 59.

 31. Carranza F, Falcón CR, Nuñez N, et al. Helminth antigens enable CpG-
activated dendritic cells to inhibit the symptoms of collagen-induced 
arthritis through Foxp3+ regulatory T cells. PLoS ONE. 2012;7(7):e40356. 
https ://doi.org/10.1371/journ al.pone.00403 56.

 32. Ribeiro DDSF, de Oliveira Freire JM, Teixeira AH, et al. Tocoyena sellowiana 
extract decreases bone loss in an experimental model of periodon-
titis in rats: putative role for cyclooxygenase-2 and IL-1β inhibition. 
Biomed Pharmacother. 2018;98:863–72. https ://doi.org/10.1016/j.bioph 
a.2018.01.011.

 33. Nevins ML, Camelo M, Schupbach P, Kim SW, Kim DM, Nevins M. Human 
clinical and histologic evaluation of laser-assisted new attachment proce-
dure. Int J Periodont Res. 2012;32(5):497–507.

 34. Cekici A, Kantarci A, Hasturk H, Van Dyke TE. Inflammatory and immune 
pathways in the pathogenesis of periodontal disease. Periodontology. 
2014;64(1):57–80. https ://doi.org/10.1111/prd.12002 .

 35. Liao G, O’Keeffe MS, Wang G, et al. Glucocorticoid-induced TNF receptor 
family-related protein ligand is requisite for optimal functioning of regu-
latory CD4+ T cells. Front Immunol. 2014;5:35. https ://doi.org/10.3389/
fimmu .2014.00035 .

 36. Yang J, Zhu Y, Duan D, et al. Enhanced activity of macrophage M1/M2 
phenotypes in periodontitis. Arch Oral Biol. 2018;96:234–42. https ://doi.
org/10.1016/j.archo ralbi o.2017.03.006.

 37. Izawa A, Ishihara Y, Mizutani H, et al. Inflammatory bone loss in experi-
mental periodontitis induced by Aggregatibacter actinomycetemcomitans 
in IL-1Ra knockout mice. Infect Immun. 2014. https ://doi.org/10.1128/
IAI.01618 -13.

 38. Meng H, Bai X, Yu H, Wang Z, Guo A. Osteoprotegerin promotes cell 
growth by regulating matrix metalloprotease-13 in chondrocytes. 
J Biomater Tissue Eng. 2017;7(3):257–60. https ://doi.org/10.1166/
jbt.2017.1558.

 39. Hasan A, Palmer RM. A clinical guide to periodontology: pathology 
of periodontal disease. Br Dent J. 2014;216(8):457–61. https ://doi.
org/10.1038/sj.bdj.2014.299.

 40. Hienz S.A, Paliwal S and Ivanovski S, Mechanisms of Bone Resorption in 
Periodontitis, J. Immunol. Res. 2015. Article ID 615486: 1–10 https://doi.
org/https ://doi.org/10.1155/2015/61548 6

 41. Duque GA, Descoteaux A. Macrophage cytokines: involvement in immu-
nity and infectious diseases. Front Immunol. 2014;5:1–12. https ://doi.
org/10.3389/fimmu .2014.00491 .

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/j.archoralbio.2017.04.021
https://doi.org/10.1016/j.archoralbio.2017.04.021
https://doi.org/10.18053/jctres.201503.002
https://doi.org/10.18053/jctres.201503.002
https://doi.org/10.1016/j.archoralbio.2015.12.007
https://doi.org/10.1016/j.archoralbio.2015.12.007
https://doi.org/10.1002/hed.26074
https://doi.org/10.1002/hed.26074
https://doi.org/10.1088/1742-6596/853/1/012038
https://doi.org/10.1002/lsm.21080
https://doi.org/10.1007/s10103-018-2677-4
https://doi.org/10.1007/s10103-018-2677-4
https://doi.org/10.1016/j.pdpdt.2015.10.007
https://doi.org/10.15171/jlms.2019.35
https://doi.org/10.1111/1574-6976.12026
https://doi.org/10.1111/1574-6976.12026
https://doi.org/10.1016/j.dental.2018.06.026
https://doi.org/10.1088/1742-6596/1120/1/012073
https://doi.org/10.1088/1742-6596/1120/1/012073
https://doi.org/10.1002/lapl.200910011
https://doi.org/10.1016/j.pdpdt.2018.02.018
https://doi.org/10.1073/pnas.1216691110/-/DCSupplemental
https://doi.org/10.1073/pnas.1216691110/-/DCSupplemental
https://doi.org/10.1128/AAC.02070-15
https://doi.org/10.21010/ajid.v12i1S.14
https://doi.org/10.21010/ajid.v12i1S.14
https://doi.org/10.1186/s12979-017-0110-7
https://doi.org/10.1186/s12979-017-0110-7
https://doi.org/10.1109/ISSIMM.2016.7803722
https://doi.org/10.4103/jispcd.JISPCD_59_18
https://doi.org/10.4103/jispcd.JISPCD_59_18
https://doi.org/10.1002/jbmr.1805
https://doi.org/10.4049/jimmunol.1600859
https://doi.org/10.4049/jimmunol.1600859
https://doi.org/10.1371/journal.pone.0040356
https://doi.org/10.1016/j.biopha.2018.01.011
https://doi.org/10.1016/j.biopha.2018.01.011
https://doi.org/10.1111/prd.12002
https://doi.org/10.3389/fimmu.2014.00035
https://doi.org/10.3389/fimmu.2014.00035
https://doi.org/10.1016/j.archoralbio.2017.03.006
https://doi.org/10.1016/j.archoralbio.2017.03.006
https://doi.org/10.1128/IAI.01618-13
https://doi.org/10.1128/IAI.01618-13
https://doi.org/10.1166/jbt.2017.1558
https://doi.org/10.1166/jbt.2017.1558
https://doi.org/10.1038/sj.bdj.2014.299
https://doi.org/10.1038/sj.bdj.2014.299
https://doi.org/10.1155/2015/615486
https://doi.org/10.3389/fimmu.2014.00491
https://doi.org/10.3389/fimmu.2014.00491

	Combination effect of laser diode for photodynamic therapy with doxycycline on a wistar rat model of periodontitis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Wistar rat model of periodontitis
	Therapeutic administration procedures
	Euthanasia procedures for experimental animals and collection of preparations
	Light source
	Treatment procedure
	Histopathological analysis of macrophages, lymphocytes and fibroblasts of the periodontal tissue
	Histomorphometric analyses of the distance between the CEJ-AV
	Statistical analysis

	Results
	The expression level of macrophages, lymphocytes, and fibroblasts cells
	The expression level of the Cemento Enamel Junction (CEJ) and the alveolar bone (AV) of the periodontal tissue

	Discussion
	Conclusion
	Acknowledgements
	References


