DOI: 10.7860/JCDR/2017/26217.10169

[ Dentistry Section ]

ABSTRACT

Introduction: Methylphenidate is a psychostimulant drug,
which is commonly used by children and teenagers. This age
group receives most orthodontic treatment. Effect of this drug
on tooth movement is unknown.

Aim: The aim of this study was to evaluate the effect of
methylphenidate on orthodontic tooth movement and
histological features of bone tissue in rats.

Materials and Methods: Forty-two Wistar rats (male) were
selected and divided to three groups, randomly (n=14). The
control group (Group 1) received no drug, the experimental
Group 2 received a constant dose of methylphenidate daily for
14 days while the experimental Group 3 received increasing
doses of methylphenidate daily. To exert force, a NiTi coil spring

INTRODUCTION

The use of stimulant drugs is increasing especially among teenagers
who often experience significant psychological crisis [1,2], which may
increase risky behaviours and drug abuse [3]. Many students abuse
methylphenidate to improve their study performance [4,5] since they
believe that it improves their memory, focus, attention and school
activities [6]. Methylphenidateis also one of the most commonly
prescribed drugs for attention deficit hyperactivity disorder [7,8],
which is the most common behavioural disorder among children
[9]. It is characterized by poor impulse control, hyperactivity and in
attention, which impair school activities and social behaviour [10].

Methylphenidate as a psychostimulant drug increases the
extracellular Dopamine (DA) and Norepinephrine (NE). It inhibits the
reuptake of DA and NE by blocking the DA and NE Transporters
(DAT, NET) [11]. The DAT is the main target of methylphenidate
[12].

Evidence shows that deletion of DAT gene causes defects in skeletal
integrity and structure [13]. Pharmacological blockade of NET also
decreases NE reuptake in NET resulting in defective bone formation
and increased bone resorption; thus, it possibly has an impact on
bone mass [14].

Considering the confirmed effect of methylphenidateon calcium
and phosphorus metabolism as well as bone homeostasis [13], it
may play a role in tooth movement and bone remodeling as well.
Numerous studies have indicated the role of methylphenidate in
growth deficiency in patients under methylphenidate treatment [15-
17].

Since most orthodontic patients are teenagers and children and
considering the high consumption rate of methylphenidate by this
age group, this animal study was conducted to assess the possible
effect of methylphenidate consumption on orthodontic tooth
movement in rats.
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was placed between the maxillary right first molar and the
maxillary right central incisor. At the end of the study period,
the amount of tooth movement was measured and then the
rats were sacrificed for histological analysis of bone tissue.
Differences between the experimental groups were analysed
using Kruskal-wallis and Mann-Whitney U tests.

Results: No significant differences were found in the amount
of orthodontic tooth movement or osteoclasts and lacunae,
between the experimental groups (p>0.05). Mann-Whitney U
analysis showed significant differences in the depth of resorption
lacuna between Group 2 and 3 (p=0.037).

Conclusion: Methylphenidate has no significant effect on
orthodontic tooth movement or histological features of bone
tissue in rats.

Keywords: Osteoclast, Psychostimulant drug, Ritalin

MATERIALS AND METHODS

The study protocol was approved by the Ethics Committee of
Shahid Sadoughi University of Medical Sciences (No:IR.SSU.
REC.1394.95), Yazd, Iran.

In this Experimental animal study, 42 male Wistar rats in the same
age weighting 250 g-300 g were obtained from the animal room
of the School of Medicine of Yazd University of Medical Sciences.
The rats were housed in plastic cages for one week with a standard
12 hour light-dark cycle at 22+2°C temperature and 55% moisture.
The rats were fed soft food and standard diet containing 0.8%-1.2%
calcium, 0.7%-0.9% phosphorus and vitamin D, and had access to
sufficient amount of water. The study was conducted in accordance
with the guidelines of the US National Institute of Health for the care
and use of laboratory animals [18].

The rats were weighed at the onset of the study and were randomly
divided into three equal groups (14 rats in each group). We used the
formula below to convert the dose of methylphenidate in rat to an
equivalent dose in human [19]:

rat Conversion Factor (CF)

Human dose = rat dose x ,
human Conversion Factor (CF)

The rat and human CFs are 6 and 37, respectively. Based on these

data [19], doses of 3, 6, 9 and 12 mg/Kkg in rats are similar to 0.47,

0.97, 1.45 and 1.94 mg/kg, respectively in humans.

The Group 1 received 5 ml/kg water by gavage. The rats in the
experimental Group 2 received a constant dose of 3 mg/kg/day of
methylphenidate for 14 day and the rats in the experimental Group
3 received increasing doses of methylphenidate hydrochloride by
gavage, starting with 3 mg/kg/day on days one to four, followed by
6 mg/kg/day on days five to eight, 9 mg/kg/day on days 9 to 12 and
12 mg/kg/day on days 13 and 14. The drug was administered along
with 5 mL/kg of water by gavage.
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Orthodontic Appliance Placement

A 44 mg/kg ketamine hydrochloride (Gedeon Richter Ltd,
Budapest, Hungary) and 2 mg/kg xylazine (Rompoun, Bayer,
Leverkusen, Germany) were injected with intraperitoneal method to
anaesthetized the rats [3]. To apply orthodontic force, a 5 mm NiTi
closed coil spring (NiTi, 3M Unitek, Monrovia, CA, USA) and ligature
wire (Dentaurum group, Ispringen, Germany) were used.

Orthodontic springs were placed in all experimental groups. The
spring was placed between the maxillary right first molar and the
maxillary right central incisor. Activation of the spring by 2 mm-5 mm
delivered about 30 g of force to the first molar and central incisor.
To obtain greater retention on the cone-shaped incisor, we created
cervical grooves on the labial and distal surfaces of the right central
incisor using a diamond bur [Table/Fig-1].

After etching and rinsing, small amount of light-cure composite resin
was applied on the ligature wire and it was tied around the tooth at
the location of the cervical grooves [Table/Fig-2].

Measurement of Orthodontic Tooth Movement

We measured the movement of first molar 14 days after the
placement of orthodontic appliance because bone remodeling
requires 10-14 days to take place [20,21].

At the end of the experimental period on day 14, all animals were
weighted and their general condition was evaluated. The rats were
anesthetized with overdose of ether for 15 minute in a plastic
container then animals decapitated with a scalpel. The maxilla was
resected. The amount of tooth movement was measured between
the first and second molars using an interproximal filler gauge,
which was calibrated in increments of 0.05 mm [Table/Fig-3,4]. All
measurements were repeated twice. After measurement of tooth

[Table/Fig-1]: Cervical grooves on the labia and distal surfaces of the right central incisor. [Table/Fig-2]: Application of nickel-titanium closed-coil spring. [Table/Fig-3]:

Measurement of tooth movement using an interproximal filler gauge.

§ - :
[Table/Fig-4]: Interproximal filler gauge, which was calibrated in increments of 0.05 mm. [Table/Fig-5]: A histopathological section of the alveolar bone of rat upper first molar
tooth (x40) showing osteoclasts and Howship's lacunae (haematoxylin and eosin).
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movement, premaxillae of the rats were placed in 10% formalin.
The samples were fixed for 10 days and were then decalcified in 5%
formic acid for six days. The decalcified samples were embedded
in paraffin. To have a control for bone resorption due to orthodontic
spring placement, the bone resorption around the corresponding
teeth in the contralateral side of the arch was evaluated in all
experimental groups.

Histological Analysis

Paraffin blocks were sectioned in a parasagittal plane at the site of
the mesiobuccal root of the first molar with 4 um-5 pm thickness.
The samples were then stained with haematoxylin and eosin and
histological features evaluated under a light microscope (Olympus
Bx-41). The number of osteoclasts and resorption lacunae and
maximum depth of each resorption lacuna were calculated to
evaluate the amount of root resorption [Table/Fig-5,6a-c,d-f].

STATISTICAL ANALYSIS

Differences between the experimental groups were analysed using
Kruskal-Wallis and Mann-Whitney U Tests. In this study, the mean
value was reported for orthodontic tooth movement, number of
osteoclasts, number of resorption lacunae and maximum depth of
resorption lacunae in the experimental groups.

The p<0.05 was assumed statistically significant. All statistical
analyses were performed using SPSS version 16.0 software.

RESULTS

Orthodontic Tooth Movement
At the end of the study period, seven rats were excluded because
of detachment of orthodontic appliance or weight loss (less than
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[Table/Fig-6a-c]: A histopathological section of the alveolar bone with exerted force (x40). a) Group 1; b) Group 2; c) Group 3.
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[Table/Fig-6d-f]: A histopathological section of the alveolar bone without exerted force (x40) d) Group 1; e) Group 2; f) Group 3.

250 mg). Two rats in Group 1 and 2, three rats in Group 3 were
excluded.

All experimental groups with orthodontic spring showed evidence of
tooth movement [Table/Fig-7].

The Group 1 showed the greatest tooth movement (mean value of
0.20 mm). The experimental Group 3 receiving increasing doses
of methylphenidate showed the least movement (mean value of
0.10 mm). Kruskal-Wallis showed that there were no significant
differences in the amount of orthodontic tooth movement between
the experimental groups (p=0.072) [Table/Fig-8].

Groups N '::I::S SD SE Mi(?]ian::;m Ma(::':];] m
1 12 0.2042 0.1117 0.3225 0.05 0.4
2 12 0.1750 0.1158 0.3343 0.05 0.35
3 11 0.1091 0.0436 0.0131 0.05 0.2

[Table/Fig-7]: Descriptive statistics of orthodontic tooth movement after 14 days.
SD: Standard deviation; SE: Standard error

Group 1: Control group. Group 2: Received constant doses of methylphenidate; Group 3: Re-

ceived inc ng doses of methylphenidate.

Grouping Variable p-value
Amount of Movement 0.072
Number of Osteoclast 0.4
Number of Lacuna 0.16
Depth of lacuna 0.04

[Table/Fig-8]: Kruskal wallis test significance for Group variables.

p-value<.05

Histological Findings

Osteoclasts were seen lining the mesial surface of the right first molar
in all groups, but the difference in this regard was not statistically
significant among the experimental groups (p=0.4) [Table/Fig-9]. An
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increase in the mean number of lacunae was found in the Group 1
compared to the methylphenidate groups [Table/Fig-10]; however,
it was not statistically significant (p=0.16) (p>0.05). Kruskal-Wallis
showed that there were significant differences among the three
groups regarding the depth of resorption lacuna (p=0.04). Mann-
Whitney Tests showed significant differences in the depth of
resorption lacuna between Group 2 and 3.(p=0.037) [Table/Fig-11].
The lacunae in the experimental Group 3 taking increasing doses
of methylphenidate were shallower than those in the other groups
[Table/Fig-12].

Histological evaluation of the contralateral arch (without force
application) showed a reduction in the number of osteoclasts and
lacunae as well as lacuna depth.

Groups N Mean SD SE Minimum | Maximum
1 12 2.2500 0.8660 0.2500 +1 +4
2 12 2.3333 0.9847 0.2842 +1 +4
3 11 2.2727 0.7862 0.2370 +1 +3

[Table/Fig-9]: Descriptive statistics of number of osteoclasts after 14 days.
SD: Standard Deviation; SE: Standard Error
Group 1: Control group. Group 2: Received constant doses of methylphenidate; Group 3: Re-

ceived increasing doses of methylphenidate
+1: 1 to 3 number of osteoclast / hpf; +3: 5 to 8 number of osteoclast /hpf; +4: more than 8
number of osteoclast / hpf

Groups N Mean SD SE Minimum | Maximum
1 12 1.4167 0.5149 0.1486 +1 +3
2 12 1.0833 0.9003 0.2599 0 +3
3 11 1.0000 0.6324 0.1906 0 +2

SD: Standard d ion; SE: Standard error
Group 1: Control group. Group 2: Received constant doses of methylphenidate; Group 3: Re-
ceived increasing doses of methylphenidate.
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Grouping Variable p-value
Group 1,2 0.16
Group 1,3 0.41
Group 2,3 0.037

[Table/Fig-11]: Mann Whitney U test significance for intergroup comparison.
Group 1: Control group. Group 2: Received constant doses of methylphenidate; Group 3: Re-

ceived increasing doses of methylphenidate.
p-value<.05

Groups N ':/Inf;r)] SD SE M'(rrlTl]TnL;m M?:;::;J m
1 12 1.1667 0.5773 0.1666 0 +2
2 12 0.7500 0.6215 0.1794 0 +2
3 11 0.6364 0.8090 0.2439 0 +2

[Table/Fig-12]: Descriptive statistics of depth of lacunae after 14 days.
SD: Standard deviation; SE: Standard error

Group 1: Control group. Group 2: Received constant doses of methylphenidate; Group 3: Re-
ceived increasing doses of methylphenidate.
0: 0 mm depth of lacunae/ hpf; +2: 3 mm to 5 mm depth of lacunae/hpf

DISCUSSION

Orthodontic tooth movement is a dynamic and infllmmatory
process involving alveolar bone remodeling and periodontal tissue
rearrangement. Some drugs and systemic conditions affect the
remodeling process of bone [22]. Many researchers evaluated the
effect of drugs and synthetic materials on bone metabolism and
orthodontic tooth movement. But to the best of authors’ knowledge,
no previous study evaluated the effect of methylphenidate on bone
remodeling and orthodontic tooth movement. We evaluated the
effect of constant and increasing doses of methylphenidate on
orthodontic tooth movement in rats to assess the effect of both
therapeutic and higher doses of methylphenidate used by patients
with risky behaviours such as drug abuse. The therapeutic dose
of methylphenidate is 0.25-1 mg/day [23]. We performed the
procedure suggested by the US food and drug administration for
exact conversion of the human dose to a similar dose for use in
rats. This method is based on the body surface area rather than
the body weight only [19] because the latter method depends on
several factors in mammalian biology such as basal metabolism,
renal function and blood volume.

We found that methylphenidate (as inducer of extracellular DA and
NE) had no significant effect on orthodontic tooth movement or
bone resorption in rats.

However, Mann Whitney U tests revealed significant differences in
the depth of resorption lacuna between Group 2 and 3 (p= 0.037),
but this finding is not clinically important, because of no significant
change in osteoclasts and lacunae.

However, there is no study on the effects of methylphenidate on
orthodontic tooth movement to compare our results with. Several
studies assessed the effect of methylphenidate on bone mass and
bone mineral density [16,24]. Lahat E et al., demonstrated that no
statistically significant difference existed in bone mineral density and
turnover in children who received methylphenidate compared to the
control group, which was although in agreement with our findings
[24]. But, Komatsu DE et al., showed that long-term administration
of methylphenidate in young rats resulted in less mineralized and
weaker appendicular bones [16]. Several studies indicated the
effect of DAT and NET on bone metabolism [13,14,25]. Bliziotes
M et al., demonstrated that mice with homozygous deletion of DAT
had reduced bone mass and strength as a result of decrease in
cancellous bone volume [13]; the calcium content of the femur
decreased in rats [26]. Deletion of DAT may alter mineral metabolism
by an imbalance in regulation of absorption and secretion of
calcium and phosphate. DA modulates phosphate secretion by
the kidneys [26]. Although, DA inhibits phosphate transportation by
regulating the Na1/Pi co-transport in proximal tubules of the kidneys
[27,28], the levels of serum and urine calcium and phosphorus
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and parathormone were not significantly different between DAT-/-
phenotype and control groups in a previous study [26].

Osteoclast recruitment is one factor indicative of bone resorption
and tooth movement. The osteoclast resorption rate is regulated
by metabolic factors, particularly parathormone. Because of no
change in the level of parathormone [26], no significant change in
bone resorption or orthodontic tooth movement is expected.

Some studies showed a decrease in NE reuptake resulting in
defective bone formation and increased bone resorption [14].
However, another study assessed the effect of NET selective
blockers on bone and found no significant effect on bone mineral
density [29]. Thus, it may be concluded that although some studies
indicate a temporary decrease in the rate of growth [30] no significant
difference occurs in bone turnover or weight [24,30]. Changes in
mineral density and bone turnover seem to have an insignificant
effect on the clinical result and bone resorption. In the current studly,
histological analysis did not reveal any significant difference in the
number osteoclasts or lacuna.

But in the experimental Group 3 (no force application), number of
osteoclasts and lacunae and depth of lacuna decreased, which
may indicate a dopaminergic effect on the count of osteoclasts and
lacunae.

LIMITATION

This study was conducted on rats; therefore, the results may not
be completely generalizable to humans. Further studies should
evaluate the clinical and cytological changes in humans. Also, DA
and NE may affect the activity of bone cells; therefore, future studies
are required to assess minor changes in the activity of osteoclasts.

CONCLUSION

Methylphenidate likely did not affect orthodontic tooth movement or
bone resorption; although it had a small insignificant effect on the
number of osteoclasts and lacunae. Further studies are required
to assess the effect of methylphenidate on orthodontic tooth
movement and bone resorption in humans.

REFERENCES

[1]1 Beyer C, Staunton C, Moodley K. The implications of methylphenidate use
by healthy medical students and doctors in South Africa. BMC Med Ethics.
2014;15:20.

[2] Carmack SA, Block CL, Howell KK, Anagnostaras SG. Methylphenidate enhances
acquisition and retention of spatial memory. Neurosci Lett. 2014;567:45-50.

[3] Aghili H, Moghadam MG, Yassaei S, Fattahi Meybodi AR, Ali Tabatabaei SM.
Effect of tramadol at different doses on orthodontic tooth movement and bone
resorption in rats. Dent Res J. 2013;10(3):337-42.

[4] McCabe SE, Teter CJ, Boyd CJ. Medical use, illicit use and diversion of
prescription stimulant medication. J Psychoactive Drugs. 2006;38(1):43-56.

[5] Wilens TE, Adler LA, Adams J, Sgambati S, Rotrosen J, Sawtelle R, et al. Misuse
and diversion of stimulants prescribed for ADHD: a systematic review of the
literature. J Am Acad Child Adolesc Psychiatry. 2008;47(1):21-31.

[6] Daniali S, Nahavandi A, Madjd Z, Shahbazi A, Niknazar S, Shahbazzadeh D.
Chronic Ritalin administration during adulthood increases serotonin pool in rat
medial frontal cortex. Iran Biomed J. 2013;17(3):134-39.

[7] Swanson JM, Volkow ND. Increasing use of stimulants warns of potential abuse.
Nature. 2008;453(7195):586.

[8] Swanson JM, Volkow ND. Psychopharmacology: concepts and opinions about
the use of stimulant medications. J Child Psychol Psychiatry. 2009;50(1-2):180-
93.

[9] Yousefichaijan P, Sharafkhah M, Rafiei M, Salehi B. Attention-deficit/hyperactivity
disorder in children with overactive bladder; a case-control study. J Renal Inj
Prev. 2016;5(4):193-99.

[10] Smidts DP, Oosterlaan J. How common are symptoms of ADHD in typically
developing preschoolers? A study on prevalence rates and prenatal/demographic
risk factors.Cortex. 2007;43(6):710-17.

[11] Kuczenski R, Segal DS. Effects of methylphenidate on extracellular dopamine,
serotonin, and norepinephrine: comparison with amphetamine. J Neurochem.
1997,68(5):2032-37.

[12] Wilens TE. Effects of methylphenidate on the catecholaminergic system in
attention-deficit/hyperactivity disorder. J Clin Psychopharmacol. 2008;28(3
Suppl 2):S46-53.

[13] Bliziotes M, Gunness M, Eshleman A, Wiren K. The role of dopamine and serotonin
in regulating bone mass and strength: studies on dopamine and serotonin
transporter null mice. J Musculoskelet Neuronal Interact. 2002;2(3):291-95.

Journal of Clinical and Diagnostic Research. 2017 Jul, Vol-11(7): ZFO1-ZF05



www.jcdr.net

[14]

[15]

[16]

[17]

[18]
[19]
[20]

[21]

[22]

Ma Y, Krueger JJ, Redmon SN, Uppuganti S, Nyman JS, Hahn MK, et al.
Extracellular norepinephrine clearance by the norepinephrine transporter is
required for skeletal homeostasis. J Biol Chem. 2013;288(42):30105-13.
Swanson JM, Elliott GR, Greenhill LL, Wigal T, Arnold LE, Vitiello B, et al. Effects
of stimulant medication on growth rates across 3 years in the MTA follow-up. J
Am Acad Child Adolesc Psychiatry. 2007;46(8):1015-27.

Komatsu DE, Thanos PK, Mary MN, Janda HA, John CM, Robison L, et al.
Chronic exposure to methylphenidate impairs appendicular bone quality in
young rats. Bone. 2012;50(6):1214-22.

Batterson KD, Southard KA, Dawson DV, Staley RN, Qian F, Slayton RL. The
effect of chronic methylphenidate administration on tooth maturation in a sample
of Caucasian children. Pediatr Dent. 2005;27(4):292-97.

Bayne K. Revised guide for the care and use of laboratory animals available.
American physiological society. Physiologist. 1996;39(4):208-11.

Reagan-Shaw S, Nihal M, Ahmad N. Dose translation from animal to human
studies revisited. FASEB J. 2008;22(3):659-61.

Nilforoushan D, Shirazi M, Dehpour AR. The role of opioid systems on orthodontic
tooth movement in cholestatic rats. Angle Orthod. 2002;72(5):476-80.

King GJ, Fischlschweiger W. The effect of force magnitude on extractable bone
resorptive activity and cemental cratering in orthodontic tooth movement. J Dent
Res. 1982;61(6):775-79.

Bartzela T, Turp JC, Motschall E, Maltha JC. Medication effects on the rate
of orthodontic tooth movement: a systematic literature review. Am J Orthod
Dentofacial Orthop. 2009;135(1):16-26.

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Hossein Aghili et al., Effect of Methylphenidate on Tooth Movement and Histological Features in Rats

Volkow ND, Wang G-J, Fowler JS, Gatley SJ, Logan J, Ding Y-S, et al. Dopamine
transporter occupancies inthe human brain induced by therapeutic doses of oral
methylphenidate. Am J Psychiatry. 1998;155:1325-31.

Lahat E, Weiss M, Ben-Shlomo A, Evans S, Bistritzer T. Bone mineral density
and turnover in children with attention-deficit hyperactivity disorder receiving
methylphenidate. J Child Neurol. 2000;15(7):436-39.

Lee DJ, Tseng HC, Wong SW, Wang Z, Deng M, Ko CC. Dopaminergic effects
on in vitro osteogenesis. Bone Res. 2015;3:15020.

Bliziotes M, McLoughlin S, Gunness M, Fumagalli F, Jones SR, Caron MG. Bone
histomorphometric and biomechanical abnormalities in mice homozygous for
deletion of the dopamine transporter gene. Bone. 2000;26(1):15-19.

Hayashi M, Yamaji Y, Kitajima W, Saruta T. Aromatic L-amino acid decarboxylase
activity along the rat nephron. Am J Physiol. 1990;258(1 Pt 2):F28-33.

Isaac J, Glahn RP, Appel MM, Onsgard M, Dousa TP, Knox FG. Mechanism
of dopamine inhibition of renal phosphate transport. J Am Soc Nephrol.
1992;2(11):1601-07.

Ziere G, Dieleman JP, van der Cammen TJ, Hofman A, Pols HA, Stricker BH.
Selective serotonin reuptake inhibiting antidepressants are associated with an
increased risk of nonvertebral fractures. J Clin Psychopharmacol. 2008;28(4):411-
17.

Roche AF, Lipman RS, Overall JE, Hung W. The effects of stimulant medication
on the growth of hyperkinetic children. Pediatrics. 1979;63(6):847-50.

PARTICULARS OF CONTRIBUTORS:
Assosiate Professor, Department of Orthodontics, School of Dentistry, Shahid Sadoughi University of Medical Sciences, Yazd, Iran.
Professor, Department of Orthodontics, School of Dentistry, Shahid Sadoughi University of Medical Sciences, Yazd, Iran.

Professor, Department of Clinical Pathology, Sadoughi Hospital, Shahid Sadoughi University of Medical Sciences, Yazd, Iran.
Postgraduate Student, Department of Orthodontics, School of Dentistry, Shahid Sadoughi University of Medical Sciences, Yazd, Iran.

1.

2
8.
4

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Rahele Arjmandi,

Postgraduate Student, Department of Orthodontics, School of Dentistry, Shahid Sadoughi University of Medical Sciences,
Daheye Fajr BLV, Imam Ave, Yazd, Iran.
E-mail: rahelearjomandi@yahoo.com

FINANCIAL OR OTHER COMPETING INTERESTS: None.

Journal of Clinical and Diagnostic Research. 2017 Jul, Vol-11(7): ZFO1-ZF05

Date of Submission: Dec 24, 2016
Date of Peer Review: Feb 24, 2017
Date of Acceptance: Apr 21, 2017

Date of Publishing: Jul 01, 2017



