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ABSTRACT 

The aim of the present study was to evaluate the effect of 
Azathioprine (Imuran) on orthodontic tooth movement. The study 
was conducted on thirty male white Newzeland rabbits. Orthodontic 
appliance was fixed to each rabbit to apply mesial force on the left 
maxillary first molar. The rabbits were then divided into two equal 
groups (Imuran and control groups). In the Imuran group each 
animal was given a daily dose of 0.5 mg/kg/BW of Azathioprine 
(Imuran, Glaxo Wellcome, Dartfod, England) in 1 ml solvent (0.01 
M NaOH in 0.9%NaCl). Each animal of the control group was given 
1 ml of the solvent as a placebo. Both groups were subdivided into 
three equal subgroups according to the time of evaluation; one day, 
one week and two weeks. At the predetermined time the maxilla was 
dissected. The distances of orthodontic tooth mevments were 
measured. Histological sections parallel to the long axis of the left 
maxilary first molar were prepared. The sections were stained either 
by H&E or PAS stains. The changes in the surrounding alveolar bone 
were monitored. The number and activity of osteoclasts were 
evaluated. The results revealed that there was no significant 
defference between the tooth movements occured in the Imuran and 
control subgroups after one day (P < 0.05). After one and two weeks, 
the tooth movements were significantly higher in the control 
subgroups than the Imuran subgroups (P > 0.05). The histological 
findings showed no difference in the number and activity of 
osteoclasts in the pressure sides in both control and Imuran subgroups 
after one day (P < 0.05). On the other hand, the number and actvity 
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of osteoclasts were significantly higher (P > 0.05) in the control 
subgroups than the study subgroups after one and two weeks. 
Finally, it could be concluded that; Azathioprine (Imuran) significantly 
retards the orthodontic tooth movement and decreases the number 
and activity of osteoclasts. 

INTRODUCTION 

Orthodontic tooth movement depends on alveolar bone remodeling. This 

highly active process involves bone formation by osteoblasts and resorption by 

osteoclasts.1 The osteoclasts formation process is accomplished through an 

orderly sequence of events that is not yet fully understood. 2-4 

Several factors could affect alveolar bone remodeling and hence influence 

the rate of tooth movement. These factors include; force magnitude and duration, 

age of the patient, nutrition, bone diseases and medications.5,6  

In clinical practice, among patients seeking orthodontic treatment, there is  

group of patients who are receiving medications for a variety of systemic 

diseases. Medications such as bisphosphonates, fluorides, non-steroidal anti-

inflammatory drugs and hormones like estrogen, androgen and calcitonin may 

probably reduce the rate of bone resorption and consequently tooth movement.5-8 

On the other hand, corticosteroids, thyroid and parathyroid hormones increase 

the rate of orthodontic tooth movement via increased bone resorption.5,6,9-11 

Since reducing orthodontic treatment time is a primary goal in orthodontics, the 

orthodontist should be aware of the effects of drugs on the process of tooth 

movement.  

Azathioprine is an immunosuppressive antimetabolite drug that was  

originally synthesized as a pro-drug of the cytotoxic agent 6-mercaptopurine  

(6 - MP).12 It is usually prescribed for patients receiving solid organ transplants 

such as kidney, liver, heart and lung to minimize transplant rejection.13,14 It is 

also used for treatment of various autoimmune disorders such as rheumatoid 

arthritis,15 systemic lupus erythematosus,16 inflammatory bowel disease17 and 

nonbullous inflammatory dermatoses18. However, like all other drugs, it has 

several side effects. Some patients treated with Azathioprine developed bone 

marrow suppression, one of the most serious side effects.19-21  This bone marrow 

depression may adversely affect the formation of osteoclasts. Therefore this 

study was conducted to evaluate the effect of Azathioprin (Imuran) on the 

orthodontic tooth movement in rabbits. 
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Material and methods:  

Thirty male white Newzeland rabbits weighing 1-1.5 kg each were 

acclimatized for 2 weeks under experimental conditions. Their weights and 

general health were recorded. All animals were fed on soft laboratory diet to 

decrease discomfort and to avoid any harm to the orthodontic appliance.  

All rabbits were anesthetized by intra-peritoneal injection of sodium 

thiopental 40 mg/kg body weight. Orthodontic tooth movements were achieved 

in all rabbits by using closed nickel titanium coil springs of 0.7 mm internal 

diemeter ligated with 0.010” stainless steel ligature wire between the maxillary 

left incisors and maxillary left first molars at cervical notches. The notches were 

made using small rose head bur to prevent the displacement of the ligature wires 

and the coil springs. The coil springs were ligated first to the maxillary left 

molars. Then they were stretched until a 50 gm of force between the first molar 

and the incisor was achieved.22 This step was done with the aid of force gauge. 

Finally the other end of the coil spring was ligated to the maxillary left incisor. 

The animals were divided into two equal groups. In the first group each 

animal was given a daily oral dose of 0.5 mg/kg/BW of Azathioprine (Imuran)  

dissolved in 1 ml solvent (0.01 M NaOH in 0.9 % NaCl).12 While in the second 

group (control) each animal was given 1 ml of the solvent as a placebo. 

Both the Imuran and control groups were divided into three equal 

subgroups according to the predetermined times of animal sacrifice atfter one 

day, one week, and two weeks (Figure 1). The rabbits were decapitated then the 

maxillae were harvested and photographed. The distance between the distal 

contact point of the first molar and the mesial contact point of the second molar 

was measured using a Boly gauge. This distance represented the orthodontic 

tooth movements and was initially zero in all animals. 

The tissue sample from each rabbit was fixed in 10% formalin for at least 

72 hours. Specimens were then completely decalcified in 10% EDTA for 3 

weeks, dehydrated in increasing concentrations of ethanol, and embedded in 

paraffin. The embedded specimens were sectioned parasagittally with a rotary 

microtome. The speciments were sectioned parallel to the long axis of the left 
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first molars at a thickness of 7 µm. Ten serial sections were mounted on glass 

slides. Five sections were stained by Periodic Acid Schiff (PAS) stains to 

evaluate the osteoclast activity.23 The other five sections were stained by 

Hematoxylin and Eosin (H&E).23 The number of osteoclasts in five fields per H 

& E section were counted with the light microscope (200 X) along the mesial 

surfaces of the upper left first molar of the experimental  and control subgroups. 

The collected data was subjected to statistical analysis. Microsoft Excel 

program on a personal computer was used for this purpose. Mean and Standard 

deviation of the distance between the first and second molars and the number of 

osteoclasts per field were calculated for each subgroup. In addition Student t-test 

at 0.05 level of significance was utilized to declare the significance of 

differences between the Imuran and control groups. 
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Figure 1: Research design. 
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Figure 2: Orthodontic tooth movements curve. 

 

 

 

 

 

                  

 

 

 

 

 

 

 

Figure 3: The increase in the distance between the upper left first and second 

molars (control subgroup after 2 weeks). 
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Figure 5: H&E (200X) section in one day 

control subgroup showing compressed narrow 

periodontal ligaments with little vascularity 

and  osteoclast cells in the pressure side 

Figure 4: H&E  (200X) section of one  

day Imuran subgroup  showing compressed 

periodontal ligament and decreased vas  

cularity in the pressure side 

Figure 6: H&E (200X) section of one 

week Imuran subgroup showing; little 

number of osteoclasts and eroded bone 

surface (Howship's lacunae) in the pressure 

side. 

Figure 7: H&E section (200X) of one week 

control subgroup showing; increased  

number of osteoclasts and bone resorption 

was evident by increased irregularity of the 

bone surface (Howship's lacunae) in the 

pressure side. 
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RESULTS 

Clinical findings: 

The mean and standard deviations of distances between the upper left first and 

second molars and the results of t-test were presented in table 1. The distances 

increased in all subgroups (Figure 2&3). These increases were significantly higher 

after one and two weeks in the control subgroups than the study subgroups. On the other 

hand, no significant difference was found between either subgroups after one day. 

Figure 8: H&E section (200X) of two weeks 

Imuran subgroup showing; little number of 

osteoclasts, eroded bone surface and area of 

bone rarefaction in the pressure side. appeared 

in this group. 

 

Figure 9: H&E section (200X) of two 

weeks control subgroup showing; multiple 

osteoclasts and wide area of bone resorption 

and eroded bone surface. 

Figure 10: PAS section (200X) of two 

weeks control subgroup showing; PAS 

+ ve osteoclasts in the pressure side.  

Figure 11: PAS section (200X) of two 

weeks Imuran subgroup showing; PAS -ve 

osteoclasts in the pressure side. 
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Histological and histochemical findings:  

I- Sections stained by H&E: 

After one day; in Imuran and control subgroups the periodontal ligaments 
were narrow and compressed. The vascularity was decreased and osteoclasts were 
detected on the mesial side of the upper first molar “pressure side” (Figure 4 & 5). 
However, the number of osteoclasts was not significantly different in these two 
subgroups (Table 2). Distal to the first molar (tension side) there were streched 
periodontal ligament fibers, increased interstitial tissue spaces and osteoblasts were 
found along the alveolar bone surface (Figure 4 & 5).  

After one week, at the pressure side in the control and Imuran subgroups there 
were increased number of osteoclasts, decreased vascularity and extravasated RBCs. 
Bone resorption was evident (Howship's lacunae) and bone surfaces specially at the 
alveolar bone crest were irrigular (Figure 6 & 7). However, the number of osteoclasts 
was significantly higher in the control subgroup than the Imuran subgroup (Table 2). 
The tension side showed increased cellular infiltration and vasculrity. In addition 
areas of osteoid tissue and osteoblasts were seen. (Figure 6 & 7). 

Aftert two weeks, the pressure side showed marked increase in bone 
resorption and multiple osteoclasts on the bone surface with no evidence of root 
resorption (Figure 8&9). However, the number of osteoclasts were significantly 
higher in the control subgroup than the Imuran one (Table 2). In the tension side, 
the osteoid tissues were more apparent with well aligned osteoblasts on the bone 
surface and well arranged collagen fibers (Figure 8&9).  

II- Sections stained by PAS: 

There was no difference in the staining affinity of the osteoclasts in Imuran and 
control subgroups after one day. On the other hand, after one and two weeks of drug 
administration the osteoclasts exhibited deeper stained magenta coloured cytoplasm in 
the control subgroups as compared with the Imuran subgroups (Figure 10&11). 

Table 1: The means and standard deviations of the distances between the upper 

left first and second molars and the results of t-test. 

Time of 
scarification 

Control 
subgroup 

Mean+SD 

Imuran subgroup 

Mean+SD 
P  Value 

After 1 day 0.64 + 0.114 0.6 + 0.158 0.358 

After 1 week 1.32 + 0.254 0.94 + 0.167 0.005 

After 2 weeks 2.52 + 0.164 1.78 + 0.116 0.0004 
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P > 0.05 

Table 2: The means and standard deviations of the number of osteoclasts in all 

subgroups and the results of t-test. 

Time of 

scarification 

Control subgroup 

Mean+SD 

Imuran subgroup 

Mean+SD 
P  Value 

After 1 day  0.8 +0.836  0.6 +0.547     0.352 

After 1 week 3.4 +1.140 1.8+0.44     0.028 

After 2 weeks 4.8 +1.303           2.6 +0.547     0.020 

P > 0.05 

DISCUSSION 

In clinical practice the orthodontist may be faced with patients who had 

organ transplant such as kidney. Those patients are usually under an umbrella of 

immunosuppressive drugs like Azathioprine (Imuran) which are essential to 

minimize rejection and increase the success of the implant.13,14 Imuran has been 

also utilized in treatment of other diseases.15-18 Despite its well documented 

effects on skeletal tissues non is known about the consequences of Imuran on 

orthodontic tooth movements. Therefore, the present study was conducted to 

evaluate the effect of Imuran on the orthodontic tooth movements.  

Newzeland rabbits were chosen for this study as they are calm and have 

considerable jaw size. All rabbits were males to avoid any hormonal effects. The 

orthodontic appliance consists mainly of Nitinol coil springs to provide almost 

constant force during the study period. Since the orthodontic appliances used 

applied the same force (50 g), the differences among Imuran and control 

subgroups were attributed to the Azathioprine (Imuran). 

The results of the present study revealed that there was no significant 

difference between the tooth movements occurred in the control and Imuran 

subgroups after one day (P < 0.05). The situation was changed after one and two 

weeks as the tooth movements were significantly higher in the control subgroups 

than the Imuran subgroups (P > 0.05) as shown in table1. 

The clinical findings were matched to the histological findings (Figure 4-9). The 

number of osteoclasts in the pressure sides were not significantly different in 
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both  and control subgroups after one day (P < 0.05). While it was significantly 

higher (P > 0.05) in the control subgroups than the study groups after one and two 

weeks (Table 2). The histochemical staining affinity of osteoclasts after PAS 

stain could be considered as an indicator for the activity of osteoclasts. After one 

and two weeks the osteoclasts activity was higher in the control subgroups than 

the Imuran subgroups (Figure 10 & 11).  

The insignificant results in the present study after one day of Imuran 

administration could be attributed to the insufficient dose of Imuran and short 

duration. However, during this period tooth movements occurred in the periodontal 

ligament area as a result of tissue compression by orthodontic force.24 

After one and two weeks Imuran had significant adverse effect on the 

number and activity of the osteoclasts. This could be attributed to the toxic and 

inhibitory effect of Imuran on the bone marrow.19-21 Hence, it could affect the 

quantity and quality of monocytes that are essential for the formation of 

osteoclasts. In addition it may affect Ca2+, cGMP and cAMP which play an 

important role in the differentiation of osteoclasts from monocytes in bone 

resorption process during orthodontic tooth movements.25, 26 More over; Imuran 

may have direct toxic and inhibitory effects on osteoclasts that are already 

present in the periodontal ligaments and alveolar bone.     

 The findings of the present study may have clinical relevance to the 

practice of orthodontics. Light orthodontic force should be used in patient 

receiving Imuran to avoid hyalinization and undermined resorption. 

Finally, it could be concluded that; Azathioprine (Imuran) significantly 

retards the orthodontic tooth movement and decreases the number and activity of 

multinucleated giant cells (osteoclasts). 
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