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Abstract 
 
Aim: To evaluate the levels of  interleukin1β (IL-1β), interleukin 6 
(IL-6) and tumor necrosis factor alpha (TNF-α) in the samples of 
gingival crevicular fluid (GCF) taken from the late adult rats during 
the orthodontic tooth movement and to  evaluate the responses to 
orthodontic treatment .   
Methodology: In experiment 19 adult (120 days) Spraque-Dawley 
rats were used. Approximately 15 g force applying open coil spring 
was applied actively between the upper incisors of the rats. Before 
and after the activation on the 3rd and 7th and 10th days GCF 
samples were taken from the vestibular surfaces of appliance fixed 
teeth using periopaper®. Then the samples were biochemically 
analyzed. For the statistical analysis of working days of each 
cytokines repetitive variance analysis technique  was used. 
Results: The levels of IL-1β, IL-6 and TNF-α were the highest in the 
3rd day and started to decrease on the 7th and 10th days. 
Conclusions: The cytokine levels of orthodontic force applied teeth 
in late adult rats are compatible with the levels of studies in young 
rats. 
(Int Dent Res 2011;1:7-12) 
 
 
 

Introduction 
 

Although a tremendous increase in the demand 
for adult orthodontic therapy was seen in the past 
decades, our knowledge on the efficiency of adult 
tooth movement through the alveolar bone in adults 
is indeed possible by means of treatments modalities 
based on experiences in adolescent. However, 
certain treatments seem to be more time-consuming 
in adult than juvenile patients. This Goz to the 
conclusion that, in adults, the biological possibilities 

for tooth movement are decreased to about one-
third of those found in children (1). 

Orthodontic tooth movement is based on 
forceinduced periodontal ligament (PDL) and 
alveolar bone remodeling. Mechanical stimuli 
exerted on a tooth cause an inflammatory response 
in the periodontal tissues. Inflammatory mediators 
are released that trigger the biological processes 
associated with alveolar bone resorption and 
apposition (2-4). 

It was suggested that the presence of 
neuroimmune interactions may be of importance in 
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reactive, and its metabolism slows (25, 26). Another 
possible cause might be the use of inappropriate 
stimuli, because the biological requirements for 
inducing optimal tissue responses in young and 
adult invidiuals may different (27).Concerning the 
age effect on bone activity, there is evidence that 
bone formative activity of osteoblasts and bone-
resorptive activity of osteoblast decrease with age 
(28, 29), but also, in adults, these cell may recover 
a higly activated state under orthodontic stimuli 
(30). This ractivation in adults, however, may take 
more than in jüveniles. 

The few experimental studies on age effects on 
orthodontic tooth movement have been performed 
in rats. Some of them indicate that tooth movement 
occurs at higer rates and over agreater distance in 
young than in adult rats (31—33) while others (26, 
34) found similiar osteoblastic and osteoclastic 
activity during orthodontic tooth movement in young 
and adults rats (30, 34). By thinking the results of  
these studies;in our study no experimental groups in 
which young rats took place were performed. We 
thought that this study plan was much more suitable 
for the  ethics of   animal studies.Because of this 
reason, our findings were compared with the results  
of  the studies performed in young rats.  

The testing site in this study was the gingival 
sulcus, because its access in the oral cavity is easy 
and it has a continuity with the PDL. In rats GCF 
studies micropipettes were used (35). But we used 
paper strips that are used frequently in human 
studies.The reason of choosing this method was that 
it was more practical and to understand whether this 
technique can be used in rats. 

The maxillary incisive teeths of all patients were 
monitored because these teeth are accessible. It has 
been shown that levels of biochemical markers in 
the GCF might depend on different collection sites 
(36, 37). For this reason, the incisives were used as 
both test and control teeth. The control data, 
collected at the baselines, were obtained before any 
force was applied. The continuous eruption of the 
mandibular incisors was bloced, and the incisors 
werw shortened and abrased to some degree during 
the experiment.  

Iwasaki et al (38) reported that IL-1β levels 
fluctuated with a 28-day cycle when a continuous 
orthodontic force was applied. In the early stages of 
orthodontic force application it has been shown that 
many PDL cells stain positively for IL-1β.10 Also, 
Lynch et al (15) reported that in the early stages of 
tooth movement (12 and 24 hours) many PDL cell 
types stained positively for IL-1β. Lowney et al (12) 
demonstrated that TNF-α plays a pivotal part in the 
assessment of orthodontic tooth movement. 

Tzannetou et al (18) used low and high forces 
to the maxillary molars to expand the palate. Low 
forces were produced by separator placement and 

higher forces by a palatal expansion device. They 
observed high levels of IL-1β levels with both the 
force levels. Also, Lee et al (39) demonstrated that 
the mean concentrations of IL-1β increase in the 
first 24 hours after continuous and interrupted 
forces. All these studies examined GCF in short time 
periods as compared with this study. They found 
that especially in the first 24 hours, cytokine levels 
increased and then equilibrium is reached, which is 
higher than the baseline levels. 

King et al (40) described an early phase of 
bone resorption (3–5 days), its reversal (5–7 days), 
and a late phase (7–14 days) of bone deposition. A 
similar bone cycle has also been reported in humans 
(41, 42) but in humans this timing seems to be 
longer than in rats. In our study the aim was to 
evaluate the early ctokine levels and because of this 
the working period was limited to 10 days.  

The experimental tooth movement leads to 
significantly increased recruitment of cells that 
belong to the mononuclear phagocytic system, and 
it was suggested that the presence of neuroimmune 
interactions may be of importance in the initial 
inflammatory response and regenerative processes 
of the PDLs that are incident to orthodontic tooth 
movement (43). The macrophage has the ability to 
produce cytokines, such as IL-1β and IL-6, the levels 
of which are known to increase during orthodontic 
tooth movement (44). IL-1β may act synergistically 
with TNF-α (45) and be a powerful inducer of IL-6 
(46, 47). IL-1β, IL-6 and TNF-α were suggested to 
stimulate bone resorption and bone-cell replication 
(48, 49) 

In our experiment, the maximal level was 
detected on day 3 after the application of 
orthodontic force. The decreased number of IL-1β, 
IL-6 and TNF-α on days 7 and 10.The spring did not 
require reactivation during the experiment. This fact 
may explain the reason that IL-1β, IL-6 and TNF-α 
levels were decreased at 7 and 10 days.  
 

 
Conclusions 

 
The results of this study support the hypothesis 

that proinflammatory cytokines play a potent role in 
bone resorption after the application of orthodontic 
force. The changes in the cytokine levels supports 
the results of the studies which state that the young 
and adult rats have similar osteoblastic and 
osteoclastic activity during orthodontic movement. 
Also, in our study it was shown that the 
periopaper® can be used to obtain GCF in rats. 

 
 

 



Acun Kaya et al.                                                                              Levels of  IL-1β,IL-6 and TNF-α in Late Adult Rats 

International Dental Research  © 2011               11 

References 
 

1. Goz G. The age dependence of the tissue 
reaction in tooth movements. Fortschr 
Kieferorthop 1990; 51: 4-7. 

2. Davidovitch Z, Finkelson MD, Steigman S, 
Shanfeld Jl, Montgomery Pc, Korostoff E. Electric 
currents, remodeling and orthodontic tooth 
movement. I. The effect of electric currents on 
periodontal cyclic nucleotide levels. Am J Orthod 
1980;77:14-32. 

3. Davidovitch Z, Fınkelson MD, Steıgman S, 
Shanfeld Jl, Montgomery Pc, Korostoff E. Electric 
currents, remodeling and orthodontic tooth 
movement. II. Increase in rate of tooth 
movement and periodontal cyclic nucleotide 
levels by combined force and electric current. Am 
J Orthod 1980;77:33-47. 

4. Davidovitch Z. Tooth movement. Crit Rev Oral 
Biol Med 1991;2:411-50. 

5. Vandevska-Radunovic V, Hals Kvinnsland I, 
Kvinnsland S, Jonsson R. Immunocompetent cells 
in rat periodontal ligament and their recruitment 
incident to experimental orthodontic tooth 
movement. Eur J Oral Sci 1997; 105: 36-44.  

6. Stoycheva MS, Murdjeva MA. Correlation 
between serum levels of interleukin 1-β, 
interleukin 1-ra, interleukin-6, interleukin 10, 
interleukin 12, tumor necrosis factor-and 
interferon- with some clinical and laboratory 
parameters in patients with salmonellosis. 
Biotechnol Biotechnol Equip 2005;19:143-6. 

7. Scarel-Caminaga RM, Trevilatto PC, Souza AP, 
Brito RB JR, Line SRP. Investigation of an IL-2 
polymorphism in patients with different levels of 
chronic periodontitis. J Clin Periodontol 
2002;29:587-91. 

8. Okada N, Kobayashi M, Mugikura K, Okamatsu Y, 
Hanazawa S, Kıtano S, ET AL. Interleukin-6 
production in human fibroblasts derived from 
periodontal tissues is differentially regulated by 
cytokines and a glucocorticoid. J Periodontol Res 
1997;32:559-69. 

9. Kurıhara N, Bertolini D, Suda T, Akiyama Y, 
Roodman GD. Interleukin-6 stimulates osteoclast-
like multinucleated cell formation in long-term 
human marrow cultures by inducing IL-1 release. 
J Immunol 1990;144:426-30. 

10. Davidovitch Z, Nicolay O, Ngan PW, Shanfeld JL. 
Neurotransmitters, cytokines and the control of 
alveolar bone remodeling in orthodontics. Dent 
Clin North Am 1988;32:411-35. 

11. Baggiolini M, Walz A, Kunkal Sl. Neutrophil-
activating peptide- 1/IL-8, a novel cytokine that 
activates neutrophil. J Clin Invest 1989;84:1045-
9.  

12. Lowney J, Norton L, Shafer D, Rossomando E. 
Orthodontic forces increase tumor necrosis factor 
in the human gingival sulcus. Am J Orthod 
Dentofacial Orthop 1995;108:519-24. 

13.  Uematsu S, Mogi M, Deguchi T. IL-1, IL-6, tumor 
necrosis factor-α, epidermal growth factor and 2-
microglobulin levels are elevated in gingival 

crevicular fluid during human orthodontic tooth 
movement. J Dent Res 1996;75:562-7. 

14.  Alhashimi N, Frıthiof L, Brudvik P, Bakhiet M. 
Orthodontic tooth movement and de novo 
synthesis of proinflammatory cytokines. Am J 
Orthod Dentofacial Orthop 2001;119:307-12. 

15. Lynch Pr, Davıdovıtch Z, Shanfeld J. Interleukin-
1β at bone resorption sites: localization during 
tooth movement in vivo. J Dent Res. 1988; 
67:1474. 

16. Grıeve W, Johnson G, Moore R, Reinhardt R, 
Dubois L. Prostoglandin e (PGE) and Interleukin-
1 (IL-1) levels in gingival crevecular fluid during 
human orthodontic tooth movement. Am J 
Orthod Dentofacial Orthop 1994;105:369-74. 

17.  Rossi M, Whitcomb S, Lindemann R. Interleukin-
1 and tumor necrosis factor production by human 
monocytes cultured with L-thyroxine and 
thyrocalcitonin: relation to severe root 
shortening. Am J Orthod Dentofacial Orthop 
1996;110:399-404. 

18.  Tzannetou S, Efstratiadis S, Nicolay O, Grbic J, 
Lamster I. Interleukin-1beta and beta-
glucuronidase in gingival crevicular fluid from 
molars during rapid palatal expansion. Am J 
Orthod Dentofacial Orthop 1998;115:686-96. 

19.  Rudin HJ, Overdizk HF, Rateitschack KH. 
Correlations between sulcus fluid rate and clinical 
and histological inflammation of the marginal 
gingiva. Helv Odont Acta 1970;14:21-6. 

20. Rasmussen L, Hänström L, Lerner UH. 
Characterization of bone resorbing activity in 
gingival crevicular fluid from patients with 
periodontitis. J Clin Periodontol 2000; 27:41-52. 

21. Storey E. The nature of tooth movement. Am J 
Orthod 1973; 63:292–314. 

22.  Proffii RW, Fıelds HW JR. The biological basis of 
orthodontic therapy. In: Rudolph P, ed. 
Contemporary Orthodontics. 3rd ed. St Louis, 
Mo: Mosby; 2000:296–325. 

23. Teıtelbaum SL. Bone resorption by osteoclasts: 
review. Science 2000; 289:1504–1508.  

24.  Sandy JR, Farndale RW, Meikle MC. Recent 
advances in understanding mechanically induced 
bone remodeling and their relevance to 
orthodontic theory and practice. Am J Orthod 
Dentofacial Orthop 1993; 103:212–222. 

25.  Baumhammers A, Stallard RE, Zander HA. 
Remodeling of alveolar bone. J Periodontol 1965; 
36; 439-442. 

26.  Klingsberg J, Butcher E. Comparative histology 
of age changes in oral tissues of rat, hamster,and 
monkey. J Dent Res 1960;39:158-169. 

27.  Melsen B. Limitations in adult orthodontics. In: 
current controversies in orthodontics.Melsen B, 
editor. Chicago: Quintessence 1991,pp.147-180. 

28. Nishimoto SK, Chang CH, Gendler E, Stryker WF, 
Nimni ME. The effect of aging on bone formation 
in rats: biochemical and histological evidence for 
decreased bone formation capacity. Calcif Tissue 
Int 1985;37: 617-624. 

29. King GJ And Keeling SD. Orthodontic bone 
remodeling in relation to appliance decay. Angle 
Orthod 1995; 65:129-140. 



Levels of  IL-1β, IL-6 and TNF-α in Late Adult Rats                                                                     Acun Kaya et al. 

12                                      IDR — Volume 1, Number 1, 2011 

30. Kabasawa M, Ejiri S, Hanada K, Ozawa H. Effects 
of age on physiologic and mechanically stressed 
rat alveolar bone:a cytologic and histchemical 
study. Int J Adult Orthodon Orthognath Surg 
1996; 11: 313-327. 

31.  Bridges T, King G, Mohammed A. The effect of 
age on tooth movement and mineral density in 
the alveolar tissues of the rat. Am J Ortohod 
Dentofac Orthop 1988;93: 245-250. 

32. Kyomen S, Tanne K. Influences of aging changes 
in proliferative rate of PDL cells during 
experimental tooth movement in rats. Angle 
Orthod 1997; 67: 67-72. 

33. Takano-Yamamoto T, Kawakimim, Yamashiro T. 
Effect of age on the rate of tooth movement in 
combination with local use of 1,25(oh)2D3 and 
mechanical forces in rat. J Dent Res 1992;71: 
1487-1492. 

34. Jager A, Radlanski RJ. Alveolar bone remodeling 
following Orthodontic tooth movement in aged 
rats. An animal experimental study. Dtsch 
Stamatol 1991; 41: 399-406. 

35. Aarli V, Heyeraas KJ. Effect of venous stasis and 
hypoproteinemia in gingival fluid formation in 
rats. J Periodontal Res 1995 Jul; 30(4): 231-7. 

36.  Cumming BR, Löe H. Consistency of plaque 
distribution in individuals without special home 
care instruction. J Periodontal Res 1973;8:94-
100. 

37. Ren Y ,Vissink A. Cytokines in crevicular fluid and 
orthodontic tooth movement. European Journal 
of Oral Sciences 2008;116: 89-97. 

38. Iwasaki LR, Haack JE, Nıckel JC, Reınhardt RA, 
Petro TM. Human interleukin-1β and interleukin-1 
receptor antagonist secretion and velocity of 
tooth movement. Arch Oral Biol. 2001; 46:185–
189.  

39. Lee KJ, Park YC, Yu HS, Choı SH, Yoo YJ. Effects 
of continuous and interrupted orthodontic force 
on interleukin-1β and prostaglandin E2 
production in gingival crevicular fluid. Am J 
Orthod Dentofacial Orthop. 2004;125:168–177. 

40. King GJ, Keeling SD, Wronski TJ. 
Histomorphometric study of alveolar bone 
turnover in orthodontic tooth movement. Bone 
1991; 12:401–409. 

41. Egelberg J. Permeability of the dento-gingival 
blood vessels II: clinically healthy gingivae. J 
Periodontal Res. 1966; 1:276–286. 

42.  Rodan GA. Introduction to bone biology. Bone 
1991; 13:3–6. 

43. Vandevska-Radunovic V, Hals Kvinnsland I, 
Kvinnsland S, Jonsson R. Immunocompetent cells 
in rat periodontal ligament and their recruitment 
incident to experimental orthodontic tooth 
movement. Eur J Oral Sci 1997; 105: 36-44.  

44. Saito M, Saito S, Ngan PW, Shanfeld J, 
Davıdovıtch Z. Interleukin -1β and prostaglandin 
E are involved in the response of periodontal cells 
to mechanical stress in vivo and in vitro. Am J 
Orthod Dentofacial Orthop 1991;99: 226-240. 

45. Dinarello CA. Interlukin 1 and its biologically 
related cytokines. Adv Immunol 1989; 44: 153-
205. 

46.  Linkhart TA, Linkhart SG, McCharles DC, Long 
DL, Strong DD. Interleukin-6 messenger RNA 
expression and interleukin-6 protein secretion in 
cells isolated from normal human bone: 
regulation by interleukin-1. J Bone Miner 1991; 6: 
1285-1294. 

47.  Van Damme J, Opdennakker G. Simpson RJ, 
Rubira MR, Caphas S, Vink A. Identification of the 
human 26-KD protein, interferon beta-2 (IFN-
beta), as a B cell hybridoma/plasmacytoma 
growth factor induced by interlukin-1 and tumor 
necrosis factor. J Exp Med 1987; 165: 914-919. 

48.  Canalis E. Effects of tomor necrosis factor on 
bone formation in vitro. Endocrinology 1987; 
121: 1596-1604. 

49.  Bertolini DR, Nedwin GE, Bringman TS, Smith 
DD, Mundy GR. Stimulation of bone resorption 
and inhibition of bone formation in vitro by 
human tumor necrosis tomor necrosis factors. 
Nature 1986; 319: 516-518. 

 
 


