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ABSTRACT

Endogenous opioids have been reported to accumulate in the plasma of cholestatic subjects. Another report showed that 
human osteoblast-like cells, MG-63, express 3 types of opioid receptors. In our laboratory we noticed that orthodontic tooth 
movement (OTM) is enhanced in cholestatic rats. Therefore, we suggest a possible role of opioid systems in bone 
remodeling and raising the rate of OTM in cholestatic conditions. To investigate this hypothesis, rat models were established 
and divided into 5 study groups. An orthodontic appliance, consisting of a 5 mm nickel-titanium closed coil spring, was 
ligated between the maxillary right incisor and first molar of each rat to deliver an initial force of 60 g. The bile duct ligated 
(BDL) group underwent a bile duct ligation operation and received orthodontic appliance 7 days after surgery. Another group 
underwent a sham operation and orthodontic appliances were inserted just as in the BDL group protocol. Surgery was 
performed the BDL + naltrexone group and orthodontic appliances were inserted 7 days after surgery. This group received 
daily subcutaneous injections of naltrexone HCl (an opioid antagonist) at 20 mg/kg at 24-hour intervals from the day of force 
application until the end of the study period. Another group, the naltrexone group, received naltrexone injections like the BDL 
+ naltrexone group. A fifth control group neither underwent surgery nor received injections. Orthodontic tooth movement was 
measured 14 days after appliance insertion. The bile duct ligated group showed significantly increased OTM compared to all 
other study groups (P < .001). The difference between the OTM in the BDL + naltrexone and control groups was insignificant. 
This study suggests a role for opioid systems in OTM in cholestasis conditions.
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Orthodontic tooth movement (OTM) is caused by a gradual remodeling of supporting alveolar bone.1 Following orthodontic force 
application on the tooth, the alveolar bone on the pressure side undergoes successive cycles of bone resorption and formation, while the 
bone on the tension side predominantly undergoes continuous bone formation.2 Systemic conditions influencing the above cycles may 
alter the rate of OTM.

We have previously reported on the effect of chronic renal insufficiency and hyperthyroidism on the rate of OTM in rats.3,4 Cholestasis, 
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which is impaired bile secretion, causes several systemic complications such as metabolic bone disorders.5 Bone loss and reduced 
osteoblast function has been reported in patients with cholestatic liver disease.6 In a previous unpublished study in our laboratory, 
enhanced OTM was evident in cholestatic rats. The exact mechanism affecting the bone remodeling cycle in cholestasis is still being 
investigated.

Endogenous opioids have been reported to accumulate in the plasma of cholestatic subjects.7 There is now increasing evidence for a 
role of opioids in the pathophysiology and manifestations of cholestasis.8–10 Another report showed that human osteoblast-like cells, MG-
63, express 3 types of opioid receptors.11 Therefore, we suggest that high levels of endogenous opioids in the plasma of cholestatic 
subjects may act on osteoblast-like cells and interfere with the bone remodeling cycle, increasing OTM in cholestasis. According to this 
hypothesis, inhibiting opioids in cholestatic subjects may influence their effect on bone and, therefore, inhibit the enhancement of OTM in 
cholestasis.

Several studies suggest an interaction between endogenous opioids and the nitric oxide system in the pathophysiology of many 
cholestatic conditions.12,13 In a recent study we suggested a role for nitric oxide in OTM in rats.14 The interaction between these 2 
systems may lead to opioids influencing OTM in cholestatic conditions when opioids accumulate in plasma. The aim of the present study 
was to examine the effect of opioid antagonist naltrexone HCl on the rate of OTM in cholestatic rats.
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Animals

Forty male Sprague-Dawley rats with an average weight of 250 ± 20 grams were obtained from the Razi Institute (Tehran, Iran) for use in 
this study. The animals were acclimatized for 1 week in plastic cages with a standard 12-hour light-dark cycle. The animals were fed a diet 
of soft laboratory food to minimize any discomfort to the animal after orthodontic appliance insertion and to minimize the risk of appliance 
displacement. The study conformed to the Guide for the Care and Use of Laboratory Animals published by US National Institutes of Health 
(NIH Publication No 85–23, revised 1985). 

This study was performed as a split-mouth design with the contralateral side of each animal serving as its own control. All the study 
groups received orthodontic treatment. The rats were randomly divided into 5 study groups (N = 8 in each group). The 5 groups were: (1) a 
control group that received neither an operation nor an injection; (2) a bile duct ligated (BDL) group on which bile duct ligation operation 
was performed; (3) a sham-operated group that underwent a sham operation; (4) a naltrexone HCl treated group that received daily 
subcutaneous naltrexone HCl injections of 20 mg/kg (Sigma, St Louis, Mo) from the day of force application until the end of study period15; 
and (5) a bile duct ligated and naltrexone HCl (BDL + naltrexone) group that underwent bile duct ligation surgery and received naltrexone 
HCl with the same protocol as the naltrexone group. An orthodontic appliance was placed 7 days after surgery in all groups. Figure 1  
shows the timetable for surgery, appliance insertion, and naltrexone injections in each study group.

Surgery

Bile duct ligation was performed as previously described.16 Briefly, the rats in the BDL, BDL + Nal, and sham-operated groups were 
anesthetized with an intraperitoneal injection of ketamine 50 mg/kgbw (Ketamine Hydrochloride, Gedeon Richter Ltd, Budapest) and 
xylazine HCl 6 mg/kgbw (Rompoun, Bayer, Leverkusen). In the BDL and BDL + Nal groups, a laparotomy was performed on each rat and 
the bile duct was identified and doubly ligated so that bile could not be eliminated via the bile duct in these mentioned groups. In the sham-
operated group, the bile duct was identified and manipulated, but not ligated. The abdominal wall was closed in 2 layers in all the operated 
groups.

Orthodontic treatment and OTM measurements

All 5 study groups received orthodontic treatment. Orthodontic appliances were placed 7 days after surgery in the BDL and BDL + Nal 
and sham-operated groups. Each rat was anesthetized with an intraperitoneal injection of ketamine 50 mg/kgbw and xylazine HCl 6 
mg/kgbw. The orthodontic appliance used was a replication of the appliance presented by King and Fischlschweiger.17 An orthodontic 
force was applied with a 5.0 mm length of nickel-titanium closed-coil spring (NiTi, 3M Unitek, Monrovia, Calif, Hitek, 0.006 × 0.022 inch) 
running between the right upper first molar and incisor. The spring was fixed in place via ligature wires (Dentaurum Steel Ligature Wire 
0.010 inch, Dentaurum Group, Ispringen, Germany) that surrounded the molar tooth and the incisor. Due to a lack of undercuts in the 
incisor area, a cervical groove was prepared on the tooth where the ligature wire was seated and secured by composite resin (Self cure 
Degufill, Degussa AG, Frankfurt, Germany) on both incisors. Each spring was activated once to produce 60g of force. Two weeks after 
appliance insertion, the animals were sacrificed using an ether overdose. An additional silicone impression (President; Liechtenstein) was 
made and poured with ultra strength dental stone (Gildand; Germany) before removing the appliance to prevent any potential relapse of 
tooth movement. Orthodontic tooth movements were measured on the plaster replica using a Filler Gauge (Mituto Co, Japan) to reveal the 
distance between the first and second right molar. This distance was initially zero. The same operator performed all measurements. 

Naltrexone Injections



Naltrexone HCl was dissolved in deionized distilled water. The drug was freshly prepared on the day of injections. The naltrexone and 
BDL + naltrexone groups received naltrexone HCl subcutaneous injections (20 mg/kgbw) at 24-hour intervals from the first day of force 
application until the end of study period.15 We started the injections from the first day of force application (day 7 after BDL surgery in the 
BDL + naltrexone group) because it was reported that a significant accumulation of endogenous opioids are present 5 days after BDL.7 
Therefore, we chose day 7 to start the injections to be sure that the rise had occurred. The other groups did not receive any injection. 

Statistical Analysis

Data are shown as mean ± standard error of the mean (SEM). Statistical evaluation of the data was done with the analysis of variance 
(ANOVA) followed by the Newman-Keuls test for multiple comparisons. A value of P < .05 was considered statistically significant.
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Induction of cholestasis

Two days after bile duct ligation, the animals showed signs of cholestasis (jaundice, dark urine, and steatorrhea). These manifestations 
were not seen in any animal in the sham-operated group. 

Orthodontic tooth movement measurements

All appliance-treated molars showed evidence of tooth movement. No tooth movement was noted in the nonappliance side. Orthodontic 
tooth movement measurements for all the study groups are shown in Table 1  and Figure 2 .

DISCUSSION Return to TOC

Tooth movement in the BDL group was significantly increased compared to the control, naltrexone-treated, sham-operated, and BDL + 
naltrexone groups (P < .001). The differences between the amount of OTM in the sham-operated and the BDL + naltrexone groups 
compared to the control animals as well as natrexone–treated group were insignificant (P >.05). 

Since there was no significant difference between the OTM of the control and sham-operated groups, the operation itself does not affect 
OTM. These results show that bile duct ligation (cholestasis) enhances OTM. Insignificant difference between OTM of control and BDL + 
naltrexone groups reveals the possible role of naltrexone in inhibiting the rise in OTM caused by cholestasis.

Jaundice, dark urine, and steatorrhea are signs of cholestasis in rats. Other investigators observed the same signs after bile duct 
ligation.12,13 Cholestatic liver disease is associated with osteopenia and impairment of bone remodeling mechanisms.18 Since cholestasis 
results in intraluminal deficiency of bile salts in the small bowel, and because these bile salts are essential for vitamin D absorption, early 
investigators thought that the osteopenia in cholestatic patients was most likely osteomalacia. However, in randomized clinical trials long-
term vitamin D therapy with maintenance of normal serum levels was ineffective in the treatment of cholestasis-induced osteopenia.19,20 In 
addition, no defect in mineralization has been found in cholestatic osteopenia.18 The underlying mechanism of bone defect in cholestasis 
is unknown, but reduced osteoblast function and decrease of insulin-like growth factor 1 levels have been reported in patients with 
cholestatic liver disease.6,21 

It has been suggested that cholestatic liver disease is associated with increased neurotransmission mediated by an opioid system. 
Observations compatible with this hypothesis include precipitation of an opioid withdrawal-like syndrome in patients with cholestasis as 
well as in the mice model of cholestasis by administration of an opioid antagonist22–24 and a global down regulation of μ-opioid receptors 
in the brain of BDL rats.25 It has been shown that cholestasis in rats is associated with naloxone-reversible antinociception26 and plasma 
total opioid activity was 3 times greater in BDL rats than in sham-operated control animals.7 The precise reason for increased opioid 
activity in cholestasis is not completely understood, but it is likely that both overproduction of endogenous opioids and protection of these 
peptides from degradation may contribute to the elevation of total opioid activity.7,27 Adrenal production of proenkephalin A mRNA and 
BAM-22p (an adrenal-derived potent opioid agonist) is significantly increased in cholestatic rats,27 while protection of methionine-
enkephalin from degradation may be another factor contributing to the increased plasma level of methionine-enkephalin found in cholestatic 
subjects.7 

The activity of both exogenous and endogenous opioids is mediated through specific cell surface receptors that have been classified into 
3 main groups termed mu, delta, and kappa.28,29,30 Although the presence of opioid receptors is better known in the central nervous 
system,29,30 its occurrence has also been described in other tissues.29,31,32 Rosen et al33 demonstrated that Proenkephalin- (PENK) 
derived peptides inhibited the activity of alkaline phosphatase in the rat osteosarcoma-derived cell line reactive oxygen species (ROS) 
17/2.8, suggesting the existence of opioid receptors in osteoblasts. Later these authors demonstrated the presence of specific mRNA of 



kappa receptors in rat osteoblasts.34 

A recent study showed that human osteoblast-like cells, MG-63, also present immunohistochemical reactivity of mu, delta, and kappa 
opioid receptors and express the 3 types of opioid receptor genes. This study found that a high concentration of morphine inhibits the 1,25 
(OH)2D3-induced osteocalcin secretion. Furthermore, the reduction in osteocalcin synthesis was abolished when osteoclastic cells were 

incubated simultaneously with high concentrations of morphine and naloxone.11 

The present study shows that orthodontic tooth movement is increased in cholestatic condition, but naltrexone injections will inhibit this 
increase. This may suggest that higher opioid amounts in cholestatic subjects act on either osteoblasts or osteoblast-like cell receptors 
for opioids to alter bone remodeling and, therefore, lead to an increased rate of tooth movement. Our results are compatible with this 
possible interaction. While the rate of OTM of the naltrexone treated group didn't change significantly compared to the sham-operated and 
BDL + naltrexone groups, it was increased significantly compared to the control group (P = .018). This reveals that naltrexone injections 
are not the cause of the decreased rate of OTM in the BDL + naltrexone group as compared to the BDL group. However, it may suggest a 
possible role for naltrexone in OTM and bone remodeling in normal subjects, which is completely different from its effect in cholestasis. A 
similar effect was previously observed in our laboratory.12 These effects deserve further studies. 

CONCLUSION Return to TOC

Orthodontic tooth movement was significantly increased in cholestatic rats. By administering an opioid antagonist (naltrexone) to 
cholestatic rats, this increase did not take place and OTM did not show any significant differences compared to the control group. 
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TABLE 1. Orthodontic Tooth Movement in the Five Study Groups* 
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FIGURE 1. Timetable for surgery, appliance insertion, and naltrexone injections in each study group 

Click on thumbnail for full-sized image. 

FIGURE 2. Orthodontic tooth movement measurements in 5 study groups. 

* P < .001 for control, sham-operated, naltrexone, BDL + naltrexone groups measurements compared to BDL group. Data are shown as 
mean ± SEM. Sample size was 8 in each study group. 
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