
ORIGINAL ARTICLE

The effect of low-level laser radiation and doxycycline on the levels
of osteoprotegerin and receptor activator of nuclear factor kappa-B
ligand

Shirin Zahra Farhad1
& Amir Siadat2 & Neda Sadeghian1

& Sourena Abrishamkar1 & Farshad Khosraviani3 &

Pegah Khazaei3 & Amir Saberi-Demneh4

Received: 25 May 2019 /Accepted: 1 March 2020
# Springer-Verlag London Ltd., part of Springer Nature 2020

Abstract
The present in vitro study was conducted to investigate the effect of low-level laser (LLL) radiation and doxycycline on the levels
of osteoprotegerin (OPG) and receptor activator of nuclear factor kappa-B ligand (RANKL) derived fromMG-63 osteosarcoma
cell line. MG-63 cells were divided into four groups. In the first group, 2 mg/mL of doxycycline was injected into the cell culture
medium. Diode laser (810 nm, 100 mw, 75 s) was radiated to the culture medium of the second group. The third group received
both doxycycline and laser radiation. In the fourth group (control), the culture medium was replaced daily, similar to the above
three groups. Mentioned interventions were performed once a day for 4 consecutive days. Then, on the sixth day, the levels of
OPG and RANKL mediators were measured using real-time polymerase chain reaction by isolating the cells from the samples.
OPG expression had the highest to lowest levels in the laser + doxycycline, doxycycline, laser, and control groups, respectively.
The level of OPG was significantly different between all the study groups (p < 0.05) except in the doxycycline + laser and
doxycycline groups (p = 0.061). The highest to lowest levels of RANKL was observed in the doxycycline, laser + doxycycline,
control, and laser groups, respectively. The RANKL expression was not significantly different between all the study groups
(p > 0.05). The results of this study revealed that LLL and doxycycline reduced the RANKL/OPG ratio derived from the MG-63
osteosarcoma cell line, which may result in the diminished activity of osteoclasts and osteoclastogenesis.
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Introduction

Under normal physiological conditions, bone remodeling oc-
curs as a result of keeping the balance between the bone

formation and resorption. Such conditions can be seen during
orthodontic procedures where bone resorption occurs on the
side of pressure and where bone formation occurs on the side
of stretching [1].
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Accelerating the bone repair following trauma or surgical
processes, such as fracture and implant placement, plays a
vital role in an effective treatment [2, 3]. This is particularly
important for low-density bony areas (thin cortex and trabec-
ular bone) as well as in patients with osteoporosis [4, 5].

In recent years, low-level laser (LLL) has been proposed as
adjuvant therapy for bone repair in laboratory studies [6–10].
LLL has been reported to enhance the stability of bone im-
plants [11, 12]. Besides, LLL radiation has analgesic [13],
immunomodulatory [14], and antibacterial effects [15], im-
proving its advantages. Different types of laser have various
biocellular effects. Accordingly, the results of a kind of radi-
ation may not necessarily be generalized to other radiation
settings [16]. It has been well observed that 810 nm diode
laser irradiation differentiated human bone marrow mesen-
chymal and dental pulp stem cells into the osteoblasts [17,
18]. Nevertheless, there is limited evidence about the
biocelluar mechanism of 810 nm diode laser on bone
remodeling.

Tetracyclines, such as doxycycline (Dox), are widely used
for the treatment of infectious diseases. Dox can improve bone
formation, which can be considered as a bone repair agent in
addition to its antibacterial effects [19]. Dox decreases bone
loss by suppressing the osteoclasts [20, 21]. The cellular
mechanisms of Dox on bone cells are not well understood
[21, 22].

Bone remodeling is regulated by a major system, including
the receptor activator of nuclear factor kappa-B (RANK) and
its complement (RANKL, receptor activator of nuclear factor
kappa-B ligand) as well as osteoprotegerin (OPG) [23].
RANK is expressed by osteoclast progenitor cells and mature
osteoclasts. RANKL and OPG are expressed by bone marrow
stromal cells, osteoblasts, fibroblasts, and periodontal liga-
ment cells. Attachment of RANKL to RANK leads to the
differentiation of the osteoclasts and their survival. OPG, as
a soluble receptor for RANKL, prevents this attachment.
Thus, OPG acts as a natural inhibitor for differentiation and
activation of the osteoclasts [24].

The present in vitro study was designed to investigate the
effect of LLL andDox alone or in combination on the levels of
OPG and RANKL. For this purpose, the MG-63 osteosarco-
ma cell line was used to simulate bone proliferation and re-
modeling. This cell line has some advantages, including un-
limited cell proliferation, hormonal response (vitamin D and
PTH) similar to human osteoblast cells [25], and the ability to
secrete RANKL and OPG [25, 26].

Materials and methods

This in vitro study was conducted after receiving approval by
the Ethics Committee of Royan Institute, Isfahan Province,
Iran, in 2018 (code: IR.ACECR.ROYAN.REC.1397.141).

Cell preparation and study groups

The human osteosarcoma cell line (MG-63) was obtained
from the cell bank of Royan Institute (Isfahan, Iran).

Frozen MG-63 cells were melted at 96 °C and were trans-
ferred to the culture medium container. After that, the culture
medium containing DMEM (Biowest, France), FBS (Gibco,
Germany), L-glutamine (Biowest, France), and penicillin-
streptomycin was added to the cells, then was transferred
and kept in an incubator at 37 °C. Once the cells were filled
in the culture medium container, they were passaged and
moved to a larger culture medium container and were kept at
37 °C in an incubator. After the proliferation of the cells, they
were counted based on spectrophotometry and were trans-
ferred in equal numbers (2 × 105) into 16 cellular dishes (4 ×
4 cm in dimensions) containing the culture medium. The
dishes were randomly categorized into four 4-member groups:
(1) Dox; (2) diode laser; (3) the Dox + laser; and (4) control.

Twomilligrams/milliliter of Dox (Razak.Co, Iran) [27] was
injected into the culture medium in the first group once every
24 h after replacing the medium. In the second group, 810 nm
diode laser (GIGAA, Wuhan GIGAA Optronics Technology
Co., Ltd., China) was radiated once every 24 h for 4 consec-
utive days after replacing the medium. The radiation setting
was as follows: power 100 mw, power density 100 mw/cm2,
energy density 5 J/cm2, 75 s, and a continuous wave.
Generally, the radiation parameters used in the present study
were close to other studies conducted on bone healing [28,
29]. In the third group, a combination of Dox and laser was
administered concurrently after replacing the medium.
Eventually, in the fourth group, only the culture medium
was replaced every 24 h for 4 days (control) similar to other
groups. After completion of the treatment, the cells were
allowed to rest for 48 h, and RNAs of OPG and RANKL
genes were extracted in the study groups.

RNA extraction

After administration of the interventions, RNA extraction was
performed according to the standard protocol. First, the cells
were counted, and 250 μl of Trizol (Trizol Invitrogen,
Carlsbad, USA) was added to the cells. Then, the cells were
homogenized and were kept in the incubator at room temper-
ature for 5 min. Next, 50 μl of chloroform was added to the
cells, and the resulting solution was vigorously shaken for
15 s. Thereafter, it was kept in the incubator for 3 min. The
sample was centrifuged for 15 min at 1200g at 4 °C, where
three phases were formed at each stage so that the top, middle,
and bottom phases were RNA, DNA, and protein, respective-
ly. Thereafter, 50 μl of isopropanol (Merck Co., Germany)
was added to the top phase and was shaken gently (this mate-
rial causes RNA sedimentation). After that, incubation was
performed for 10 min at room temperature, and centrifugation

1976 Lasers Med Sci (2020) 35:1975–1979



was conducted for 10 min at 12,000 rpm at 4 °C. In the next
stage, the top phase was discarded, and obtained sediment was
placed under the hood for 10 min (liquid evaporation). Next,
30 μl of RNase-free water (Cleaver Scientific, UK) was added
to the sample, and the vial was first exposed to room temper-
ature for 15 min, and then was placed inside the incubator
again for 15 min. Once these stages were completed, equal
concentration of RNA was isolated from each group using
spectrophotometer (Nanodrop, BioTek, USA) to prepare
cDNA.

cDNA synthesis

Due to the instability of RNA, cDNAwas prepared from them.
The RNA concentration was measured by Nanodrop device to
obtain the RNA level required for cDNA synthesis from each
group to initiate the protocol of cDNA synthesis. After that,
the RNase-free water value was calculated for the RNA con-
centration according to the standard table. Next, the desired
sample was incubated for 30 min at 37 °C. Once the samples
were produced, 2 μl of EDTA (Merck Co., Germany) was
added to them, and they were kept at 65 °C for 10 min
(EDTA was employed to deactivate DNase enzyme). After
10 min, the following materials were added to the samples.

& Reverse Transcription (2 uL, Thermo Fisher Scientific
Co., USA)

& Riblock RNase Inhibitor (2 uL, Thermo Fisher Scientific
Co., USA)

& Deoxynucleotide Triphosphates (4 uL, Thermo Fisher
Scientific Co., USA)

& Reaction Buffer (8 uL, Thermo Fisher Scientific Co.,
USA)

Afterward, the sample was incubated at 37 and 85 °C for
15 min and 5 s, respectively. Based on this protocol, cDNA
was synthesized and was kept in a fridge at − 20 °C.

SYBR Green and real-time PCR

After cDNA synthesis, RT-PCR reaction mixtures were com-
bined with SYBR Green Master Mix (Takara, Dalian, China).
RT-PCR was performed using standard method and specific
primers [30]. The primers utilized in this study were as follows
[31]:

& OPG, 5′-GCTAACCTCACCTTCGAG-3′ (forward) and
5′-TGATTGGACCTGG TTACC-3′ (reverse); RANKL,
5′-AACAGGCCTTTCAA GGAGCTGTGC-3′ (forward)
and 5′- AAGAGGACAGACTCACTTTAT GGGG-3′
(reverse)

The extent of gene expression in each sample was evaluat-
ed quantitatively after RT-PCR using SYBR Green dye. A
melting curve measured the fluorescence peaks [-d(RFU)/
dT] of the samples.

Statistical analysis

SPSS software Ver.17 was used to analyze the data. The in-
tergroup OPG and RANKL gene expression (fluorescence
peaks) were assessed by one-way analysis of variance
(ANOVA) and post hoc Fisher’s least significant difference
(LSD) tests. A p value of < 0.05 was considered as statistically
significant.

Results

Table 1 presents the levels of OPG and RANKL gene expres-
sion across the groups. Laser + Dox (p < 0.001), Dox (p <
0.001), and laser groups (p = 0.042) had a higher level of
OPG gene expression compared to the control group, respec-
tively. Levels of OPG gene expression were significantly
higher in the laser + Dox (p < 0.001) and Dox groups (p =
0.03) than the laser group. The difference between the laser +
Dox and Dox groups was not significant (p = 0.06).

Laser + Dox and Dox increased, and laser irradiation de-
creased the levels of RANKL gene expression in comparison
with the control group. Laser + Dox group showed a higher
level of RANKL gene expression in contrast with the other
study groups. The RANKL gene expression was not signifi-
cantly different between all the study groups (p = 0.3).

Discussion

Results of the present study showed that LLL and Dox synergis-
tically caused a significant elevation in the levels of OPG

Table 1 The OPG and RANKL gene expression according to
fluorescence peaks in the melting curve

Groups Mean SD Minimum Maximum

OPG -d(RFU)/dT Control 76.7 25.4 45.8 101.4

Laser 130.9‡ 41 93 197

Dox 197.9† 66.5 114.8 285.3

Laser + Dox 249.9† 57.4 184.4 339.4

RANKL-d(RFU)/dT Control 3.2 2.2 2 6

Laser 0.2 0.1 0.1 0.5

Dox 8.9 9.1 0.2 19.3

Laser + Dox 6.9 5.8 0.01 15.4

‡Laser vs. control, laser vs. Dox, p < 0.05

†Dox vs. control, Laser + Dox vs. control, laser + Dox vs. laser, p < 0.001
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compared to the control group. Moreover, Dox, laser, or the
combination did not change the expression of RANKL signifi-
cantly in comparison with the control group. Accordingly, Dox
and laser irradiation reduced the RANKL/OPG ratio, which can
have an inhibitory effect on the activity of the osteoclast cells.

So far, limited and controversial experimental evidence has
been published about the effect of LLL radiation on the levels of
mentioned mediators. In an in vivo study, administration of
810 nm diode laser irradiation (100 mw, 75 J/cm2) has been
reported to be associated with a decrease and increase in the
RANKLandOPGgene expression [32], which is consistentwith
the present findings. In contrast, Yamaguchi et al. reported that
810 nm diode laser radiation (100mw, 54 J, 9 min) on the jaw of
mice, under orthodontic treatment increased metalloproteinase-9
(MMP-9), cathepsin K, and alpha(v) beta(3) integrin [33] that
could potentially increase RANKL gene expression and osteo-
clast activity consequently [22, 34]. In vivo environment and a
different radiation setting [32, 35] may increase osteoclastic ac-
tivity after 810 nm diode laser irradiation. Other diode lasers,
withwavelengths close to the present study, have shown different
results. Fujita et al., in their laboratory study, observed that daily
LLL radiation for 1 week (850 mm, 75 mw) during orthodontic
treatment resulted in increased expression of RANKL and
RANK, but it did not have any significant effect on the level of
OPG [36]. Altan et al., in an animal study, investigated 38Wistar
rats that underwent orthodontic treatment and LLL radiation
(820 nm, 100 mw) during 3 consecutive days. In an immunohis-
tochemical assessment, the levels of RANKL and OPG did not
change significantly in comparison with the control group [37].

Dox prescription has been approved for people older than
8 years old [38]. Dox did not decrease bone strength in the
experimental model, and it reduced the severity of bone loss
and mechanical weakness against bone fracture force in ovariec-
tomized mice (osteogenic mice) [39]. In other laboratory studies,
Dox resulted in a 4–30% increase in bone formation compared to
the placebo [40, 41]. Furthermore, the osteoclast/osteoblast cell
ratio and the density of inflammatory cells at the site of bone loss
decreased by Dox [41]. In clinical observations, Dox also im-
proved bone density without significant side effects [42].

Dox can cause bone repair through various mecha-
nisms. Similar to the present study, in other in vitro and
in vivo studies, Dox decreased RANKL [20, 22] and
RANKL/OPG ratio [20]. The matrix metalloproteinases
(MMPs) play an important role in tissue repair as well
as chronic inflammation and healing defect. It has been
well observed that an increase in MMP-1,8 expression is
associated with a lack of bone repair [43]. MMP-7, 9, 13,
14 have an important role in the activity and migration of
the osteoclasts [44]. Tetracyclines are non-selective inhib-
itors of MMPs, but they mostly inhibit the MMP-8, 9, 13,
and to a less extent, they inhibit the MMP-1,3 [45]. It
seems that Dox influences RANKL levels by decreasing
MMP-9 [22]. Increased Wnt pathway activity and reduced

release of Dickkopf-related protein 1 (a Wnt pathway in-
hibitor) are other osteogenesis-related mechanisms of Dox
[41].

LLL radiation and Dox showed a significant synergistic
effect on OPG expression. This finding suggests that their
combination can have a better inhibitory effect on the osteo-
clasts. Therefore, using the combination mentioned above
may accelerate the bone healing process.

In summary, the findings of this study suggested that Dox
and the laser radiation reduce the RANKL/OPG ratio, which
can enhance the osteogenesis. This finding can be further in-
vestigated in orthopedic, orthodontic, and bone implantation
models regarding bone healing in future in vivo studies.

Compliance with ethical standards

Conflict of interest The authors declare that there is no conflict of
interest.

References

1. Asiry MA (2018) Biological aspects of orthodontic tooth move-
ment: a review of literature. Saudi J Biol Sci. https://doi.org/10.
1016/j.sjbs.2018.03.008

2. Ghiasi MS, Chen J, Vaziri A et al (2017) Bone fracture healing in
mechanobiological modeling: a review of principles and methods.
Bone Rep. https://doi.org/10.1016/j.bonr.2017.03.002

3. Alghamdi HS (2018) Methods to improve osseointegration of den-
tal implants in low quality (type-IV) bone: an overview. J Funct
Biomater. https://doi.org/10.3390/jfb9010007

4. Burch S, Feldstein M, Hoffmann PF, Keaveny TM (2016)
Prevalence of poor bone quality in women undergoing spinal fu-
sion using biomechanical-CT analysis. Spine (Phila Pa 1976)
https://doi.org/10.1097/BRS.0000000000001175

5. Farré-Pagès N, Augé-Castro ML, Alaejos-Algarra F et al (2011)
Relation between bone density and primary implant stability. Med
Oral Patol Oral Cir Bucal. https://doi.org/10.4317/medoral.16.e62

6. Ribeiro TP, Nascimento SB, Cardoso CA et al (2012) Low-level
laser therapy and calcitonin in bone repair: densitometric analysis.
Int J Photoenergy. https://doi.org/10.1155/2012/829587

7. De Abreu GMA, Santo AMDE,Martin AA, Arisawa EALS (2013)
Assessment of changes in mineral components in bone repair after
laser therapy and pharmacotherapy by μ-EDX: a new potential tool
in medical diagnostics. Photomed Laser Surg. https://doi.org/10.
1089/pho.2012.3353

8. Yoshida T, Yamaguchi M, Utsunomiya T et al (2009) Low-energy
laser irradiation accelerates the velocity of tooth movement via
stimulation of the alveolar bone remodeling. Orthod Craniofacial
Res. https://doi.org/10.1111/j.1601-6343.2009.01464.x

9. Kazem Shakouri S, Soleimanpour J, Salekzamani Y, Oskuie MR
(2010) Effect of low-level laser therapy on the fracture healing
process. Lasers Med Sci. https://doi.org/10.1007/s10103-009-
0670-7

10. Cepera F, Torres FC, Scanavini MA et al (2012) Effect of a low-
level laser on bone regeneration after rapid maxillary expansion.
Am J Orthod Dentofac Orthop. https://doi.org/10.1016/j.ajodo.
2011.10.023

11. Campanha BP, Gallina C, Geremia T et al (2010) Low-level laser
therapy for implants without initial stability. Photomed Laser Surg.
https://doi.org/10.1089/pho.2008.2429

1978 Lasers Med Sci (2020) 35:1975–1979

https://doi.org/10.1016/j.sjbs.2018.03.008
https://doi.org/10.1016/j.sjbs.2018.03.008
https://doi.org/10.1016/j.bonr.2017.03.002
https://doi.org/10.3390/jfb9010007
https://doi.org/10.1097/BRS.0000000000001175
https://doi.org/10.4317/medoral.16.e62
https://doi.org/10.1155/2012/829587
https://doi.org/10.1089/pho.2012.3353
https://doi.org/10.1089/pho.2012.3353
https://doi.org/10.1111/j.1601-6343.2009.01464.x
https://doi.org/10.1007/s10103-009-0670-7
https://doi.org/10.1007/s10103-009-0670-7
https://doi.org/10.1016/j.ajodo.2011.10.023
https://doi.org/10.1016/j.ajodo.2011.10.023
https://doi.org/10.1089/pho.2008.2429


12. Omasa S,MotoyoshiM, Arai Yet al (2012) Low-level laser therapy
enhances the stability of orthodontic mini-implants via bone forma-
tion related to BMP-2 expression in a rat model. Photomed Laser
Surg. https://doi.org/10.1089/pho.2011.3157

13. Bicakci AA, Kocoglu-Altan B, Toker H et al (2012) Efficiency of low-
level laser therapy in reducing pain induced by orthodontic forces.
Photomed Laser Surg. https://doi.org/10.1089/pho.2012.3245

14. Matsumoto MA, Ferino RV, Monteleone GF, Ribeiro DA (2009)
Low-level laser therapy modulates cyclo-oxygenase-2 expression
during bone repair in rats. Lasers Med Sci. https://doi.org/10.1007/
s10103-008-0544-4

15. Asnaashari M, Godiny M, Azari-Marhabi S et al (2016)
Comparison of the antibacterial effect of 810 nm diode laser and
photodynamic therapy in reducing the microbial flora of root canal
in endodontic retreatment in patients with periradicular lesions. J
Lasers Med Sci. https://doi.org/10.15171/jlms.2016.17

16. Mirzaei A, Saberi-Demneh A, Gutknecht N et al (2019) The effect
of low-level laser radiation on improving inferior alveolar nerve
damage after sagittal split osteotomy: a systematic review. Lasers
Med Sci. https://doi.org/10.1007/s10103-019-02718-3

17. Soleimani M, Abbasnia E, Fathi M et al (2012) The effects of low-
level laser irradiation on differentiation and proliferation of human
bonemarrowmesenchymal stem cells into neurons and osteoblasts-
an in vitro study. Lasers Med Sci. https://doi.org/10.1007/s10103-
011-0930-1

18. Tabatabaei FS, Torshabi M, Nasab MM et al (2015) Effect of low-
level diode laser on proliferation and osteogenic differentiation of
dental pulp stem cells. Laser Phys. https://doi.org/10.1088/1054-
660X/25/9/095602

19. Pountos I, Georgouli T, Bird H et al (2011) The effect of antibiotics
on bone healing: current evidence. Expert Opin Drug Saf. https://
doi.org/10.1517/14740338.2011.589833

20. Naghsh N, Razavi S, Minaiyan M et al (2016) Evaluation of the
effects of two different bone resorption inhibitors on osteoclast
numbers and activity: an animal study. Dent Res J (Isfahan).
https://doi.org/10.4103/1735-3327.197034

21. Kinugawa S, Koide M, Kobayashi Y et al (2012) Tetracyclines
convert the osteoclastic-differentiation pathway of progenitor cells
to produce dendritic cell-like cells. J Immunol. https://doi.org/10.
4049/jimmunol.1101174

22. Franco GCN, Kajiya M, Nakanishi T et al (2011) Inhibition of
matrix metalloproteinase-9 activity by doxycycline ameliorates
RANK ligand-induced osteoclast differentiation in vitro and
in vivo. Exp Cell Res. https://doi.org/10.1016/j.yexcr.2011.03.014

23. Teitelbaum SL, Ross FP (2003) Genetic regulation of osteoclast
development and function. Nat Rev Genet. https://doi.org/10.
1038/nrg1122

24. Liu W, Zhang X (2015) Receptor activator of nuclear factor-κB ligand
(RANKL)/RANK/osteoprotegerin system in bone and other tissues
(review). Mol Med Rep. https://doi.org/10.3892/mmr.2015.3152

25. Czekanska EM, Stoddart MJ, Richards RG, Hayes JS (2012) In
search of an osteoblast cell model for in vitro research. Eur Cells
Mater. https://doi.org/10.22203/eCM.v024a01

26. Ando K, Mori K, Rédini F, Heymann D (2008) RANKL/RANK/
OPG: key therapeutic target in bone oncology. Curr Drug Discov
Technol. https://doi.org/10.2174/157016308785739857

27. Vandevska-Radunovic V (1999) Neural modulation of inflamma-
tory reactions in dental tissues incident to orthodontic tooth move-
ment. A review of the literature. Eur J Orthod

28. Mollaei M, Najaf AbadiM, Amini F (2015) Evaluating the effect of
laser irradiation on bone regeneration in midpalatal suture concur-
rent to rapid palatal expansion in rats. J Orthod Sci. https://doi.org/
10.4103/2278-0203.160237

29. Seifi M, Atri F, Yazdani MM (2014) Effects of low-level laser
therapy on orthodontic tooth movement and root resorption after
artificial socket preservation. Dent Res J

30. Varga A, James D (2006) Real-time RT-PCR and SYBR Green I
melting curve analysis for the identification of Plum pox virus
strains C, EA, and W: effect of amplicon size, melt rate, and dye
translocation. J Virol Methods. https://doi.org/10.1016/j.jviromet.
2005.10.004

31. Sun J, SunWJ, Li ZYet al (2016)Daidzein increases OPG/RANKL
ratio and suppresses IL-6 in MG-63 osteoblast cells. Int
Immunopharmacol. https://doi.org/10.1016/j.intimp.2016.08.014

32. de Melo CC, Suzuki H, Garcez AS, Suzuki SS (2019) Effects of
photobiomodulation on root resorption induced by orthodontic
tooth movement and RANKL/OPG expression in rats. Photochem
Photobiol. https://doi.org/10.1111/php.13107

33. Yamaguchi M, Hayashi M, Fujita S et al (2010) Low-energy laser
irradiation facilitates the velocity of tooth movement and the ex-
pressions of matrix metalloproteinase-9, cathepsin K, and alpha(v)
beta(3) integrin in rats. Eur J Orthod. https://doi.org/10.1093/ejo/
cjp078

34. Oshiro T, Shibasaki Y, John Martin T, Sasaki T (2001)
Immunolocalization of vacuolar-type H+-ATPase, cathepsin K,
matrix metalloproteinase-9, and receptor activator of NFkB ligand
in odontoclasts during physiological root resorption of human de-
ciduous teeth. Anat Rec. https://doi.org/10.1002/ar.1127

35. Renno ACM, McDonnell PA, Parizotto NA, Laakso E-L (2007)
The effects of laser irradiation on osteoblast and osteosarcoma cell
proliferation and differentiation in vitro. Photomed Laser Surg.
https://doi.org/10.1089/pho.2007.2055

36. Fujita S, Yamaguchi M, Utsunomiya T et al (2008) Low-energy
laser stimulates tooth movement velocity via expression of
RANK and RANKL. Orthod Craniofacial Res. https://doi.org/10.
1111/j.1601-6343.2008.00423.x

37. Altan BA, Sokucu O, Ozkut MM, Inan S (2012) Metrical and
histological investigation of the effects of low-level laser therapy
on orthodontic tooth movement. Lasers Med Sci. https://doi.org/10.
1007/s10103-010-0853-2

38. Smith K, Leyden JJ (2005) Safety of doxycycline and minocycline:
a systematic review. Clin Ther. https://doi.org/10.1016/j.clinthera.
2005.09.005

39. Pytlik M, Folwarczna J, Janiec W (2004) Effects of doxycycline on
mechanical properties of bones in rats with ovariectomy-induced
osteopenia. Calcif Tissue Int. https://doi.org/10.1007/s00223-004-
0097-x

40. Naghsh N, Ghalayani P, Hajisadeghi S et al (2015) A
histomorphometric study of the effect of doxycycline and erythro-
mycin on bone formation in dental alveolar socket of rat. Adv
Biomed Res. https://doi.org/10.4103/2277-9175.153895

41. Gomes KDN, Alves APNN, Dutra PGP, De Barros Viana GS
(2017) Doxycycline induces bone repair and changes in Wnt sig-
nalling. Int J Oral Sci. https://doi.org/10.1038/ijos.2017.28

42. Payne JB, Golub LM (2011) Using tetracyclines to treat
osteoporotic/osteopenic bone loss: from the basic science laborato-
ry to the clinic. Pharmacol Res. https://doi.org/10.1016/j.phrs.
2010.10.006

43. Henle P, Zimmermann G, Weiss S (2005) Matrix metalloprotein-
ases and failed fracture healing. Bone. https://doi.org/10.1016/j.
bone.2005.06.015

44. Paiva KBS, Granjeiro JM (2017)Matrix metalloproteinases in bone
resorption, remodeling, and repair. In: Progress in molecular biolo-
gy and translational science. Academic Press

45. Hanemaaijer R, van Lent N, Sorsa T, et al (2001) Inhibition of
matrix metalloproteinases (MMPs) by tetracyclines. In:
Tetracyclines in biology, chemistry and medicine. https://doi.org/
10.1007/978-3-0348-8306-1_11

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

1979Lasers Med Sci (2020) 35:1975–1979

https://doi.org/10.1089/pho.2011.3157
https://doi.org/10.1089/pho.2012.3245
https://doi.org/10.1007/s10103-008-0544-4
https://doi.org/10.1007/s10103-008-0544-4
https://doi.org/10.15171/jlms.2016.17
https://doi.org/10.1007/s10103-019-02718-3
https://doi.org/10.1007/s10103-011-0930-1
https://doi.org/10.1007/s10103-011-0930-1
https://doi.org/10.1088/1054-660X/25/9/095602
https://doi.org/10.1088/1054-660X/25/9/095602
https://doi.org/10.1517/14740338.2011.589833
https://doi.org/10.1517/14740338.2011.589833
https://doi.org/10.4103/1735-3327.197034
https://doi.org/10.4049/jimmunol.1101174
https://doi.org/10.4049/jimmunol.1101174
https://doi.org/10.1016/j.yexcr.2011.03.014
https://doi.org/10.1038/nrg1122
https://doi.org/10.1038/nrg1122
https://doi.org/10.3892/mmr.2015.3152
https://doi.org/10.22203/eCM.v024a01
https://doi.org/10.2174/157016308785739857
https://doi.org/10.4103/2278-0203.160237
https://doi.org/10.4103/2278-0203.160237
https://doi.org/10.1016/j.jviromet.2005.10.004
https://doi.org/10.1016/j.jviromet.2005.10.004
https://doi.org/10.1016/j.intimp.2016.08.014
https://doi.org/10.1111/php.13107
https://doi.org/10.1093/ejo/cjp078
https://doi.org/10.1093/ejo/cjp078
https://doi.org/10.1002/ar.1127
https://doi.org/10.1089/pho.2007.2055
https://doi.org/10.1111/j.1601-6343.2008.00423.x
https://doi.org/10.1111/j.1601-6343.2008.00423.x
https://doi.org/10.1007/s10103-010-0853-2
https://doi.org/10.1007/s10103-010-0853-2
https://doi.org/10.1016/j.clinthera.2005.09.005
https://doi.org/10.1016/j.clinthera.2005.09.005
https://doi.org/10.1007/s00223-004-0097-x
https://doi.org/10.1007/s00223-004-0097-x
https://doi.org/10.4103/2277-9175.153895
https://doi.org/10.1038/ijos.2017.28
https://doi.org/10.1016/j.phrs.2010.10.006
https://doi.org/10.1016/j.phrs.2010.10.006
https://doi.org/10.1016/j.bone.2005.06.015
https://doi.org/10.1016/j.bone.2005.06.015
https://doi.org/10.1007/978-3-0348-8306-1_11
https://doi.org/10.1007/978-3-0348-8306-1_11

	The...
	Abstract
	Introduction
	Materials and methods
	Cell preparation and study groups
	RNA extraction
	cDNA synthesis
	SYBR Green and real-time PCR
	Statistical analysis

	Results
	Discussion
	References


