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ABSTRACT 

Objectives: The aim of this study was to investigate 
the effect of orthodontic loading on the expression of 
interleukin-1 (IL-1) and tumor necrosis factor- 
(TNF-) in compressed gingiva. Materials and Meth-
ods: Twenty-four male Wistar rats were used with 
four rats as controls at day 0. In ten rats, corticotomy 
was performed on either left or right side and the re-
maining side was served as control, and killed at 7 and 
14 days. In the remaining ten rats, maxillary right and 
left first molars were moved orthodontically with a 
constant force of 20 g; appliance and appliance in 
conjunction with cortictomy (appliance-corticotomy) 
were sequentially alternated between left and right 
sides and euthanized at 7 and 14 days. Real time po-
lymerase chain reactions of compressed gingiva ex- 
cised from the euthanized rats was performed to 
measure mRNA expressions of IL-1 and TNF-. 
Results: There were no significant differences in the 
expression of IL-1 between all the groups. On the 
other hand, TNF- from the pressure side in the ap- 
pliance group and the appliance in conjunction with 
corticotomy group showed significant increase on the 
7th day compared to that of either control or corti- 
cotomy group. Conclusions: Orthodontic loading in- 
duced the elevation of TNF- in compressed gingiva.  
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1. INTRODUCTION 

Pressure within the periodontal ligament (PDL) space 
induced by orthodontic forces results in vascular com- 
pression, which leads to cellular activation and the re- 
lease of pro-inflammatory molecules such as pros- 
taglandins and cytokines [1]. Interleukin-1 (IL-1) and tu- 

mor necrosis factor- (TNF-) are known potent cyto- 
kines involved in the initiation of bone resorption [2-6]. 
According to Davidovitch, there were marked increases 
in the IL-1 and TNF- staining intensities in the perio- 
dontal ligament (PDL) and in the alveolar bone during 
orthodontic tooth movement in cats [7]. In human gingi- 
val crevicular fluid (GCF), elevated IL-1 and TNF- 
levels during orthodontic tooth movement have also been 
reported [8-10]. This implies that the expression of cyto- 
kines in GCF is related to a biological connection be- 
tween the PDL and GCF following force loading.  

In addition to detection of these cytokines in GCF, 
gingival tissue contours are modified clinically as well as 
histologically during orthodontic tooth movement [11]. 
In some cases, an excess of gingiva and/or the presence 
of hyperplastic gingiva can also interfere with tooth 
movement [11]. Thus, it seems that gingiva have a cru- 
cial role during tooth movement. Moreover, it has been 
speculated that there is interaction between the gingiva 
and the PDL in adult periodontitis since gingival in- 
flammation is associated with activation of inflammatory 
cytokines and/or matrix metalloproteinases in the PDL 
[12]. 

Although there are many reports on cytokine produc- 
tion in alveolar bone and in PDL during tooth movement, 
there are few studies regarding cytokine production in 
gingival [13,14]. The amount of IL-1 in human gingival 
fibroblasts was reported to increase during orthodontic 
loading [13]. Another study demonstrated that IL-1 and 
TNF- levels increased in the gingiva along the com- 
pressed side as well in the PDL and alveolar bone after 
tooth movement [14]. These results implied a substantial 
inflammatory reaction over an extended area upon or- 
thodontic loading. Thus, investigation of reactions in soft 
tissues may improve the understanding of biologic events 
in surrounding tissues during tooth movement.  

Exploration of cellular or sub-cellular changes in gin- 
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gival tissues following different amounts of tooth move- 
ment during the same period would help reveal a portion 
of the biological connections between the gingiva and 
the PDL. To assist in that exploration, tooth movement in 
conjunction with corticotomy was included in this study. 
Comparisons of gingival tissue following tooth move- 
ment with that following tooth movement in conjunction 
with corticotomy were undertaken to show changes in 
gingiva related to bone remodeling effects. The effects of 
orthodontic force on the expression of IL-1 and TNF- 
along the compressed side of the gingiva were evaluated 
using real time polymerase chain reaction (PCR). IL-1 
and TNF- expression changes were also explored in 
gingiva after tooth movement in conjunction with corti- 
cotomy. 

2. MATERIALS AND METHODS 

2.1. Animals 

Twenty four nine-week-old, male Wistar rats, approxi- 
mate weight 280 g, from the Seoul National University 
vivarium were used. All animals were kept in stainless- 
steel cages in air-conditioning and exposed to a 12-hour 
light/dark cycle. They were fed a pellet diet (Superfeed 
Co., Gangwon, Korea) and provided with tap water, both 
ad libitum. They were checked everyday in regard to 
their health status. The experimental protocol was ap- 
proved by the committee for Animal Research Ethics, 
Seoul National University.  

Four rats were killed as control at day 0. In ten rats, 
corticotomy was performed on either left or right side 
and the remaining side was served as control, and killed 
at 7 and 14 days. In the remaining ten rats, maxillary 
right and left first molars were moved orthodontically; 
appliance and appliance in conjunction with corticotomy 
(appliance-corticotomy) were sequentially alternated 
between left and right sides and euthanized at 7 and 14 
days. 

2.2. Experimental Procedures 

To move the maxillary first molar mesially, a constant 
force of 20 g was applied by a closed coil spring (Sen-
talloy, 0.009 × 0.036, Tomy Inc, Tokyo, Japan). The 
springs were attached to both the maxillary left first mo- 
lar and the maxillary incisors using stainless steel liga- 
ture wires. Light-curing bonding material (3M Unitek, 
Nonrovia, CA, USA) was applied to perforations pro- 
duced by a diamond bur along the mesiolingual and dis- 
lingual line angle of the maxillary left first molar and the 
distal sides of the incisors to ensure maximum retention 
of the coil spring (Figure 1). Reactivation was not done 
during the study period. In the groups receiving corti- 
cotomy, vertical and horizontal corticotomy cuts with 
flap reflection were performed through the cortical layer 

of the bone using a fine fissure bur (Figure 1). GluStitch 

(Glustitch Inc. Point Roberts, WA, USA) adhesive was 
applied to improve tissue adhesion around the wound 
area on rats receiving corticotomy. The weight of the 
animals was recorded on the day of the appliance inser- 
tion and immediately prior to euthanizing. All produres 
were performed using general anesthesia induced by 
subcutaneous injection of Zoletil (Virbac, Carros, France; 
Tiletamine 125 ml, Zolazepam 125 ml; 0.04 ml) and 
Rompun (Bayer AG, Leverkusen, German; Xylazire 
hydroxychloride 23.32 mg/ml; 0.01 ml). At the end of an 
individual’s experimental period, the animal was eutha- 
nized using an anesthetic overdose.  

Following euthanasia, the gingiva on the compressed 
(mesial) side of the maxillary left first molar was excised, 
frozen in liquid nitrogen, and kept at −80˚C until used in 
real time PCR to quantify IL-1 and TNF-. 

2.3. Real Time PCR 

2.3.1. RNA Extraction 
TRIZOL reagent (Molecular Research Center, Inc., Cin-
cinnati, OH, USA) was used to extract total RNA from 
each gingiva sample. 

2.3.2. cDNA Synthesis 
Two µg of total RNA was reverse transcribed into cDNA 
using a Promega reverse transcription (RT) system (Pro- 
mega Corp., Madison, WI, USA). Reverse transcriptase 
was added to a mixture containing RT POX buffer, 2.5 
mM MgCl2, Oligo (dT) primer, dNTP Mix, and Rnasin. 
Once mixed, the reagents were incubated at 42˚C for 60 
mins, and then heated to 70˚C for 15 mins. 

2.3.3. Real Time PCR 
Real time PCR was performed on an ABI 7900 HT Se- 
quence Detection System using the SYBR-green fluo- 
rescence quantification system (Applied Biosystems,  
 

 

Figure 1. Schematic drawing: vertical and horizontal corti- 
cotomy cuts with flap reflection were placed after application 
of a coil spring. 
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Foster City, CA, USA). The PCR conditions comprised 
40 cycles: denaturing at 95˚C for 30 sec, annealing at 
60˚C for 30 sec, extension at 72˚C for 30 sec, followed 
by a standard denaturation curve. The primer sequences 
were as follows: IL-1 (166 bp), 5’-TTTGCCCTCCTGT 
CCTTAAA-3’(forward) and 5’-TTGGAACCCAGAGG 
AAACAC-3’ (reverse); TNF- (190bp), 5’-GGGCTCA 
GAATTTCCAACAA-3’ (forward) and 5’-GAGACAGC 
CTGATCCACTCC-3’ (reverse). The SYBR Green PCR 
Mix (Applied Biosytems), 0.5 µl template, and 0.8 µl 
primer (forward + reverse) were used in each reaction. 
Calculations of the relative level of gene expression in 
the sample were made using the cycle threshold (CT) 
method. The mean CT values from three measurements 
were used to calculate the target gene expression with 
normalization to the internal control, glycerinaldehyde- 
3-phosphate-dehydrogenase (GAPDH). 

2.4. Statistical Analysis 

Data were expressed as means  standard deviation (SD) 
and were analyzed using a Kruskal-Wallis one way 
analysis of variance on ranks, followed by Dunn’s 
method for multiple comparisons. The Mann-Whitney 
Rank Sum test was used to test for differences between 
IL-1 and TNF- levels. A p value < 0.05 was required 
for statistical significance. 

3. RESULTS 

The orthodontically treated animals drank and ate less 
during the first 3 - 4 days following treatment but then 
returned to normal food and water intake levels (data not 
shown). Their behavior did not appear to be affected by 
the orthodontic appliance, and their body weight in- 
creased over the experimental period (data not shown).  

IL-1 mRNA expression was detected in all of control 
specimens at day 0 (Figure 2). In the control group, IL-1 
levels remained similar during the 14 days, although they 
showed an insignificant decrease at day 14. For corti- 
cotomy group, IL-1 mRNA expression was not signifi-
cantly different compared to control group, while IL-1 
levels showed insignificant increase from day 7 to day 14. 
Both the appliance group and the appliance-corticotomy 
group showed similar expression with controls and exhib- 
ited insignificant decrease from day 7 to day 14. No dif- 
ferences were found between the appliance group and the 
appliance-corticotomy group. 

TNF- mRNA expression was also found in all of con- 
trol specimen at day 0 (Figure 3). For corticotomy group, 
no differences were found compared to the control group. 
Both the appliance group and the appliance-corticotomy 
group showed statistically significant mRNA expression 
of TNF- at day 7 compared to the control group and 
corticotomy group. There was no difference in TNF-  

 

Figure 2. mRNA expression of IL-1 (mean  standard devia-
tion). Control, no appliance control; corticotomy, no appliance 
corticotomay; appliance (A), tooth movement using appliances; 
A + T, appliance-corticotomy. 
 

 

Figure 3. mRNA expression of TNF- (mean  standard de- 
viation). Control, no appliance control; corticotomy, no appli- 
ance corticotomay; appliance (A), tooth movement using ap- 
pliances; A + T, appliance-corticotomy. 
 
mRNA levels between the appliance group and the ap-
pliance-corticotomy group. At day 14, there were no dif-
ferences between four groups. For both the appliance 
group and the appliance-corticotomy group, TNF- 
mRNA expression significantly decreased from day 7 to 
day 14. 

When compared between IL-1 and TNF- mRNA 
expression, the expression of TNF- is statistically sig-
nificant compared to that of IL-1 in the appliance group 
at day 7 and in the appliance-corticotomy group at day 7 
and day 14 (Table 1). 

4. DISCUSSION 

Many studies have explored cellular and subcellular 
changes occurring in the hard tissues after orthodontic 
force application, and it has been reported that various 
cytokines are detected in the PDL and alveolar bone fol-
lowing tooth movement [5-7,14]. This primary concern 
on hard tissues has resulted in less interest on changes in  
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Table 1. IL-1 and TNF- mRNA expression. 

 Day 7 Day 14 

Group IL-1 TNF- IL-1 TNF- 

Control 1.23 ± 0.27 1.34 ± 0.49 0.81 ± 0.21 0.59 ± 0.23

Corticotomy (C) 0.57 ± 0.38 2.13 ± 1.81 1.03 ± 0.24 1.26 ± 0.96

Appliance (A) 1.12 ± 0.41 7.2 ± 3.36* 0.81 ± 0.26 2.25 ± 1.73

C + A 1.09 ± 1.21 7.96 ± 3.62* 0.63 ± 0.23 2.16 ± 0.70*

Data are presented as mean ± standard deviation. *P < 0.05 compared with 
TNF-α(Mann-Whitney Rank Sum Test) IL-1α, interleukin-1α; TNF-α, 
tumor necrosis factor-α. 

 
soft tissues during tooth movement. However, soft tissue 
changes, frequently observed during orthodontic treat- 
ment, imply that gingival tissues may be involved in 
biological events related to bone remodeling following 
tooth movement [11]. In spite of this observation, few 
studies have shown cellular changes in gingiva following 
orthodontic treatment [13,14]. Here, real time PCR was 
used to investigate the mRNA expression of IL-1 and 
TNF- on the isolated gingiva after tooth movement. 
IL-1, instead of IL-1, was selected in this study be- 
cause IL-1 is reported to be prominent in rodents while 
IL-1 is the major physiologic form of IL-1 in humans 
[4]. mRNA expression of IL-1 and TNF- in mechani- 
cally compressed gingiva was used to provide informa- 
tion related to biological events occurring in gingival - 
tissues. Additionally, mechanical tooth movement in con-
junction with corticotomy was used to evaluate whether 
there was an effect on cytokine expression in gingiva of 
increased tooth movement over the same peod of obser- 
vation. 

The experimental observation periods were 7 and 14 d 
after treatment because of the following. First, a change 
in gingival contour may appear after a short-term amount 
of tooth movement. Second, differences in the amount of 
tooth movement between the appliance group and appli-
ance-corticotomy group during a later stage of tooth 
movement may affect the amount of subcellular change 
in gingiva. Third, according to a preliminary study it takes 
5 - 6 d for soft tissue to heal completely after corti-
cotomy (data not shown). Thus, to exclude influences 
related to the healing process after corticotomy, an ob- 
servation period of more than six days is needed. Finally, 
a gingival response during the early phase (3d) of tooth 
movement had been previously reported [14]. 

Interestingly, both IL-1 and TNF- mRNA were 
found in all control specimens. This was consistent with 
previous findings that gingiva constitutively stains for 
both IL-1 and TNF-, implying that there is some de-
gree of inflammation present in rat gingiva under normal 
conditions [14-16]. Furthermore, the results imply that 
IL-1 and TNF- may play important roles in tissue 

homeostasis and remodeling during normal physiological 
tooth drift. Rat molars drift distally under physiological 
conditions because the bony alveolar walls surrounding 
the roots undergo continuous formation on the mesial 
side and active resorption on the distal side [17]. Hower, 
the expression of IL-1 and TNF- mRNA on com- 
essed gingiva showed different abundance changes after 
orthodontic loading. Upon application of an orthodontic 
force, IL-1 levels did not change between groups, while 
TNF- mRNA expression showed a significant increase.  

IL-1 levels in all of the groups in the present study 
failed to show significant increases at either 7 or 14 d 
compared to the control. A possible explanation for this 
observation is an inherent periodicity in IL-1 levels, 
meaning that IL-1 in the GCF returned to baseline level 
in 14-28 d [18]. On the other hand, the PDL of cat ca-
nines revealed that IL-1 and  level changes were de-
tected at 12 and 24 h after orthodontic loading and 
reached a maximum after 3 d [7] Another study also re-
ported that the expression of IL-1 and IL-6 in the rat 
PDL reached a maximum value on day 3 after treatment 
[19]. Compared to IL-1 levels in the PDL and alveolar 
bone, those in gingival fibroblasts following compressive 
force application showed significant increases for up to 8 
hrs [20]. Moreover, it was demonstrated that IL-1 ex- 
pression in compressed rat gingiva was almost same as in 
the controls after 1 and 3 d [14]. Thus, IL-1 in gingiva 
appears to express during a very early stage of orthodon-
tic movement, which may explain the lack of an increase 
at day 7 and 14 in our study. 

It has been reported that TNF- levels were not de-
tected in the compressed side PDL of rats on days 3, 7, 
and 10 [19]. However, TNF mRNA levels strongly 
increased in rat PDL cells on day 10 [21]. In addition, 
pressured human PDL cells have shown statistically sig-
nificant expression of TNF- at day 7 [22]. In accor- 
dance with those results, a significantly increased ex- 
pression of TNF was found in the compressed gingiva 
at day 7 after orthodontic loading in this study. Taken 
together, these results suggest that TNF- may act at a 
later stage of tooth movement. It was also notable that 
expression of TNF- mRNA in our study returned to the 
baseline level at day 14 after orthodontic loading. As 
suggested for IL-1, this suggests an inherent periodicity 
in TNF- levels.  

The evoked levels of IL-1 and TNF- in both the 
appliance group and the appliance-corticotomy group 
showed significantly differences in the present study. In 
contrast to this study, expression of IL-1 and TNF- in 
compressed gingiva showed similar patterns at day 0 and 
3 in the rat [14]. These conflicting results can be partly 
explained by involvement of these cytokines during dif-
ferent times. TNF- appears to be expressed during later 
stages of tooth movement while IL-1 is expressed more 
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during early stages. It has also been reported that evoked 
levels of IL-1 and TNF- in human GCF were similar 
at 7 and 21 d after tooth movement [23]. These different 
outcomes may be the result of a different expression pat-
tern in PDL and resorbing bone than the expression pat-
tern in gingiva. 

It has been reported that the rate and amount of tooth 
movement after corticotomy is greater than that using 
mechanical force only. This is because there are less 
hyalinized areas following corticotomy, thus resulting in 
faster tooth movement [24]. Under such circumstances, 
different subcellular changes may be expected in the 
gingiva. In this study, however, the expression of IL-1 
and TNF- mRNA in gingiva did not reflect differences 
related to tooth movement by appliance only and tooth 
movement by appliance in conjunction with corticotomy. 
It is possible that there were no differences between 
these two groups in their hyalinized zones due to the low 
level of force applied during the experiment [24]. An- 
other explanation for this outcome is that increase of a 
number of osteoclast after corticotomy typically peaks at 
1 to 2 months [25,26]. Thus, no differences between the 
appliance group and the appliance-corticotomy group 
may result from the experimental period of two weeks in 
the present study.  

Finally, an additional control group, that with an ap-
pliance attached but without a force being applied, was 
excluded from this paper’s results because another study 
(manuscript in preparation) showed no difference be- 
tween that group and the control group. Thus, trauma 
from affixing the appliance used in this study would not 
be expected to cause expression of cytokines in gingival 
tissue at day 7 and 14. On the other hand, this study didn’t 
include the early expression of gingiva during orthodontic 
treatment, which may have the important clue for rela-
tionship between gingiva and bone remodeling.  

Elevated levels of IL-1 and TNF- in gingiva may 
implicate the participation of the gingiva in homeostasis 
and bone remodeling via paracrine pathway during or-
thodontic tooth movement. Clinical modification of gin-
giva contour during tooth movement can be partly ex-
plained by the finding that the gingiva appears to be in-
volved in bone remodeling following tooth movement. 

5. CONCLUSION 

The results showed the presence of both IL-1 and 
TNF- in untreated gingiva at day 0 and increased ex-
pression of TNF- in the pressure side gingiva at days 7 
after orthodontic loading. The findings imply that gingi-
val tissue may be involved in tissue homeostasis and 
bone remodeling. 
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