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Abstract: Aim of this study was to study the state of dental hard and bone tissues of alveolar process in rats with the model of orthodontic
tooth movement at the experimental goiter based on the analysis of bone phosphatases and proteases activity. Material and Methods —
Experimental study with the model of goiter and orthodontic tooth movement in rats. The experiment was carried out with 30 Wistar rats
of gregarious breeding. During the first stage of the experiment the goitre was being simulated by giving 1% solution of potassium
perchlorate with drinking water for 20 days. During the second experimental stage using thiopental the orthodontic model of tooth
movement (OMtM) was being reproduced for 21 days. The lower jaw in rats served to reveal carious cavities and atrophy rate of alveolar
process, the upper jaw served for determining the common activity of alkaline, acid phosphatase, elastase and total proteolytic activity
(OPA), the pulp of incisors served to determine the activity of bone phosphatases. Statistical analysis — One way analysis of variance
(ANOVA). Сomparison between experimental groups was carried out with the help of t‐Student U and Mann‐Whitney test
(p.asymp.sig<0.05 was considered significant). Results — in animals under experiment the orthodontic tooth movement together with
thyroid disorders is accompanied by increased proteases activity of bone tissue and impaired activity of bone phosphatases. Conclusions —
sudden aggravation in the resorption processes of bone tissue of alveolar process, demineralization of hard dental tissue during the
orthodontic tooth movement in relation to experimental goiter show that child with the thyroid gland disorders are in need of active
treatment and preventive measures during active apparatus treatment of dentoalveolar anomalies.
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Introduction
Contingent of patients was observed by an orthodontist and
they were not only healthy children, but also children who had the
general diseases of the organism. The structure of children’s and
teenagers’ somatic diseases is closely connected with the thyroid
gland pathology [1‐3]. Thyroid hormones influence essentially on a
structurally‐metabolic condition of bone tissue and the intensity of
metabolism there [4‐6]. The thyroid status disturbance can be
reflected on the biological processes which underlie orthodontic
tooth movement [7]. Studying has theoretical and practical value
because it is connected with a thyroid gland dysfunction which
influences on demineralization and demineralization processes in
hard tooth tissues, balancing of resorptioned processes and
mineralization in bone tissue of an alveolar process at orthodontic
teeth transfer valuable. Therefore the purpose of the research is
to investigate the condition of rats’ hard tooth tissues and bone
tissue of an alveolar process with a model of the orthodontic tooth
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movement at an experimental goiter on the basis of the analysis of
the bone phosphatases and proteinases activity.
Material and Methods
Animals
The experiment on 30 rats of Vistar’s line of gregarious
breeding (females, 5 months, 210±28 g) was performed.
Experimental researches are carried out according to the rules
which are provided by Council of the international medical
organizations, they are presented in «International References of
Carrying out of Medical‐biological Researches on Experimental
Animals» and «The letter of the commission on ethics problems
concerning animals», and the Ukrainian Law «About the Protection
of Animals against the Cruel Treatment». The permission for
researches has been received at the meeting of Committee on
bioethics of State Institution «Institute of Stomatology АМS of
Ukraine».
www.romj.org
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Table 1. Indicators of caries and atrophy of an alveolar process in rats at modeling of a goiter and orthodontic intervention
Degree of atrophy of an
alveolar process, %

Number of carious cavities, an
average on 1 rat

Depth of lesions of teeth
caries, points

Without
ОTМ

25.1±0.8

6.3±0.8

7.3±0.9

Groups of animals

The intact

Experimental
goiter

ОTМ

29.3±0.3 ¹

5.5±0.4

6.4±0.7

Without
ОTМ

27.9±0.9 ¹

8.4±0.7 ¹

9.8±0.9 ¹

ОTМ

32.7±0.9 ¹²³

8.9±0.6 ¹²

11.2±1.1 ¹²

¹ is statistically significant differences (P<0.05) from value in intact group; ² is statistically significant differences (P<0.05) from indicators at rats with ОTМ;
³ is statistically significant differences (P<0.05) from indicators in rats with a goiter without ОTМ.

Table 2. Influence of an experimental goiter, orthodontic intervention on phosphatases activity of rats’ pulps
Groups of animals
The intact
The experimental
goiter

Activity of acidic phosphatase, nkat/g
0.051±0.004

1.75±0.10

ОTМ

0.046±0.003

1.57±0.09

Without ОTМ

0.064±0.005 ¹

1.40±0.08 ¹

ОTМ

0.079±0.005 ¹²³

1.36±0.05 ¹²

Drug
A standard technique was used for modeling of an
experimental goiter; it is the introduction of 1% solution of
potassium per‐chlorate with drinking water to rats within 20 days
[8]. References testify that 16‐20 days of reception of 1% solution
of potassium per‐chlorate in 20 times reduce iodine maintenance
in a thyroid gland of experimental animals and causes
morphological, functional and hormonal changes in it,
characteristic for patients with euthyroid goiter [9].
Experimental study design
A goiter was modeled at the first stage of the experiment. At
the second stage of the experiment under thiopental narcosis
(20 mg/kg) a closing nickel‐titanic spring was fixed with the help of
a ligature wire on an incisor of the maxilla and a molar tooth and it
was reproduced the model of orthodontic tooth movement (ОTМ)
within 21 days. Animals were taken out from the experiment
under thiopental narcosis by opening of the great heart vessels.
2 groups of research have been allocated:
i) Intact animals: The first subgroup – the rats which were on a
diet of a vivarium (n=10); the second subgroup – the rats which
were on a diet of a vivarium and orthodontic tooth movement
(ОTМ) (n=5);
ii) Rats were with the experimental model of a goiter: The first
subgroup – without ОTМ (n=10); the second subgroup – with ОTМ
(n=5).
Collection of samples
In rats a mandible was allocated for the calculation of carious
cavities and the definition of atrophy degree of an alveolar
process, the maxilla – for the definition of alkaline, acidic
phosphatase, elastase activity and the general proteolytic activity
(GPA), a pulp of incisors – for the definition of the phosphatases
activity. Homogenates of bone tissue were prepared from
calculation 75 mg/ml 0.1 M of the citrate buffer рН 6.1, pulps –
5 mg/ml of normal saline solution.
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Activity of alkaline phosphatase, nkat/g

Without ОTМ

Biochemical analysis
Acidic (рН 4.8) and alkaline (рН 10.5) phosphatases activity
was estimated with the help of p‐nitrophenylphosphate reaction
as a result of which hydrolysis p‐nitrophenol of yellow colour was
formed. The intensity of coloring is proportional to the activity of
enzyme. The general proteolytic activity (GPA) was defined by
Kunitz’s method in R.D. Barabash’s and A.P. Levitsky's modification
based on hydrolysis of casein by proteinases at рН 7.6 updating.
The quantity of splitting products of casein was proportional to
activity of proteinases of bone tissue and it was defined by means
of Folin’s reagent [10]. The activity of elastase was estimated on
hydrolysis of N‐t‐BOC‐L‐alanin‐p‐nitrophenyl ester. The p‐
nitrophenol was splited off from substrate under the influence of
elastase and it gave a yellow staining, which intensity was
proportional to the activity of enzyme [11].
Statistical analysis
Statistical analysis was carried out by one way analysis of
variance (ANOVA). Сomparison between the experimental groups
was done using the t‐Student U and Mann‐Whitney test (P<0.05
was considered as significant). Data presented as mean and
standard deviation (M±SD).
Results
The indicators of caries and atrophy of an alveolar process
In healthy rats after orthodontic intervention it was observed
the growth of atrophy of an alveolar process (Р<0.001). Also goiter
modeling led to the augmentation of the indicator (Р<0.001)
(Table 1). The highest value of atrophy of an alveolar bone has
been registered in animals of the 2 group with ОTM on the
background of the experimental goiter. This indicator was much
higher in comparison with the healthy rats indicators with ОTM
(Р1=0.002) and the rats with goiter without ОTM (Р2=0.002).
Modeling of an experimental goiter in rats of the 2 group led to
the appreciable growth of quantity and depth of carious lesions on
33.3% and 34.2%, accordingly (Р<0.05). If orthodontic treatment
didn’t affect on the caries intensity in healthy rats then in rats with
www.romj.org
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a goiter the spring fixation led to the growth of number and depth
of carious lesions. So, in animals of the second group with OTM
the quantity of carious lesions increased to 61.8% and the depth –
to 75.0% in comparison with healthy rats indicators where the
animals had the spring fixation (Р1<0.001 and Р2=0.002).
Activity pulps phosphatases of rats’ incisors
In the Table 2 there are research results of activity acidic (AcP)
and alkaline phosphatases (AlP) pulps of rats’ incisors, which show
the application of orthodontic forces and they didn’t affect on the
activity of both phosphatases of a pulp in healthy rats. The activity
levels of those enzymes could attest about the pulp functional
condition. Goiter modeling promoted to augmentation of AcP
activity in a pulp of incisors on 25.5%, and fixation of an
orthodontic spring on the background of an experimental goiter –
on 54.9% (Р<0.001) in comparison with corresponding indicators in
an intact group of animals. The activity of this pulp enzyme was
also higher than the values in the pulp of healthy rats on the
background ОTM (Р1<0.001) and in the pulp of the rats with the
experimental goiter (P2<0.05). From the data presented in the
table it is possible to conclude about the potentiation of the
development negative effects of a goiter and an orthodontic
intervention on the activity of AcP of a pulp. Simultaneously with
augmentation of AcP activity the goiter modeling led to the
depression of AlP activity in a pulp on 20.0 % (Р=0.02). On the
background of a goiter the orthodontic teeth transfer led to the
considerable reduction of activity of that enzyme to 22.3%
(P=0.01, P1<0.05 and P2>0.6).
The general proteolytic activity and activity of elastase
Researches of general proteolytic activity (GPA) (рН 7.6) in
bone tissue of an alveolar process testified that in healthy rats
ОTM led to augmentation GPА in an alveolar bone on 46.0%
(Р<0.01). At an experimental goiter that indicator grew
approximately to the same degree – on 43.4% (Р=0.002). The
disturbance of a functional‐morphological condition of a thyroid
gland and an orthodontic intervention promoted to increase of
GPA in bone tissue of an alveolar process on 73.4% (Р=0.001).
However, in those animals the value of GPA certainly exceeded to

the level of the same value in healthy rats with ОTM (Р1<0.05).
Also in the case of an experimental goiter without ОTM (Р2=0.02).
It was confirmed worsening of degradation of proteins in bone
tissue under the activity of orthodontic forces on the background
of a goiter. Fixation of a closing spring to healthy rats also led to
the substantial increase of another proteolytic enzyme activity in
an alveolar bone – elastase (рН 6.5). An experimental goiter didn’t
promote the accurate change of that value (P>0.2). Thus
associative modeling of a goiter and an orthodontic intervention
caused more substantial growth of an elastase activity in an
alveolar bone of animals (Р=0.002) (Table 3).
Phosphatases activity of an alveolar bone
The research results of the phosphatases activity of an
alveolar bone of experimental animals are generalized in the
Table 4. Orthodontic teeth transfer in healthy animals induced
substantial growth of AcP activity in an alveolar bone. A goiter
reproduction led to increasing that value to 5.48±0.51 mc‐cat/g,
the combination of a goiter and ОTM – to 8.70±0.45 mc‐cat/g.
Morphological and functional disturbances of a thyroid gland led
to an intensification of resorptioned processes in bone tissue of an
alveolar process in rats with ОTM. Along with the augmentation of
AcP activity in bone tissue of an alveolar process of rats, which
were modeled by teeth transfer or a goiter, AlP activity increased
of 31.6% on average. At combination AlP activity increased more
considerably – of 79.6%.
Discussion
Thyroid hormones are the factors regulating and supervising
processes of bone remodeling and mineral exchange [4, 5, 12, 13].
The majority of researches are devoted to influence of thyroid
hormones on kinetics and biomechanics of orthodontic teeth
transfer [14‐16]. At the increased concentration of thyroid
hormones rate of teeth transfer is enlarged, at reduction – is
decreased [17]. Our research has been devoted to studying of
influence of orthodontic tooth movement on the background of
the disturbance of a thyroid gland function on the activity of bone
phosphatases and proteinases.

Table 3. Influence of an experimental goiter and orthodontic intervention on activity of proteinases of rats’ alveolar bone
Groups of animals
The intact
Experimental goiter

The general proteolytic activity, nkat/kg

Activity of elastase, mk‐kat/g

Without ОTМ

29.86±2.89

3.65±0.44
4.87±0.39 ¹

ОTМ

43.59±3.16 ¹

Without ОTМ

42.99±1.85 ¹

4.40±0.28

ОTМ

51.79±2.45 ¹²³

5.76±0.35 ¹³

Table 4. Influence of an experimental goiter and orthodontic intervention on activity of phosphatases of rats’ alveolar bone
Groups of animals
The intact
Experimental goiter

Activity of acidic phosphatase, mk‐kat/g

Activity of alkaline phosphatase, mk‐kat/g

Without ОTМ

3.51±0.24

81.75±6.10

ОTМ

4.36±0.18 ¹

109.87±8.09 ¹

Without ОTМ

5.48±0.51 ¹

105.31±9.27 ¹

ОTМ

8.70±0.45 ¹²³

146.82±12.25 ¹²³
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Results of the research have testified that modeling of
orthodontic teeth transfer, especially in animals with an
experimental goiter provokes resorption of bone tissue of a
mandible and development of teeth caries. It is compounded with
the data of experimental research of D.S. Feitosa et al. [18], which
has shown that at hypothyroids "loss" of bone mass were enlarged
and the number of TRAP‐positive cells was enlarged on a linear
surface of a bone crest. Thus any essential differences in
comparison with the control haven’t been revealed concerning the
quality of a trabecular bone of an alveolar process and number of
TRAP‐positive cells in its structure. Our researches have shown the
intensity of carious process to a less degree depends on an
orthodontic intervention as neither the quantity, nor depth of
carious lesions were not enlarged in healthy rats whom were fixed
orthodontic springs.
As it is known, activity of AcP and AlP of rats’ incisors pulp
reflects a functional condition of a pulp. AlP is responsible for
mineralization of hard tooth tissues, and AcP – takes part in
resorption (demineralization) of dentine and enamel [19, 20].
Increase of AcP activity in a pulp show intensification of
resorptioned processes in hard tissues of rats’ teeth, it is the most
expressed in animals with a goiter and ОTМ. It is necessary to
notice that the reduction of AlP activity in animals with modeling
of a goiter and ОTМ is less appreciable, than augmentation of AcP
activity. On the basis of it, it is possible to conclude that
aggravation of carious process in rats at modeling of teeth transfer
or on the background of an experimental goiter occurres basically
at the expense of intensifying of resorptioned processes, instead
of at the expense of oppression of remineralization of hard teeth
tissues.
The important component of resorption of bone tissue is
degradation of an albuminous matrix under the influence of
proteolytic enzymes, which operates stage by stage at various
value of рН [20, 21]. In connection with registration of intensifying
of atrophy of an alveolar bone in rats under the influence of the
orthodontic forces, the most expressed on the background an
experimental goiter was of interest researches of general
proteolytic activity of GPA (рН 7.6) and activity of the most
powerful destructive enzyme of elastase (рН 6.5) in bone tissue of
an alveolar process. The augmentation of activity of proteinases
showed aggravation of degradation of protein of bone tissue at
fixation of orthodontic springs on the background of a goiter.
These results are proved by more appreciable degree of atrophy of
an alveolar bone in rats with ОTМ and by an experimental goiter.
Expression augmentation of osteocalcin, alkaline phosphatase
and osteal morphogenetic proteins is established at action of
thyroid hormones [22‐24]. As activity of osteal AlP grows at an
intensification of processes of mineralization and in our research
intensifying of resorption in an alveolar bone at reproduction of a
goiter or orthodontic teeth transfer is revealed, it is possible to
explain the registered increase of AlP activity by compensatory
reaction on action of the general and local factors. And the
combination of these factors aggravates augmentation of AlP
activity as well as AcP activity and proteolytic enzymes in bone
tissue of an alveolar process.
Conclusion
Thus, the received results of research show that in
experimental animals on the background of functional and
morphological disturbances of a thyroid gland orthodontic tooth
© 2014, LLC Science and Innovations, Saratov, Russia
[

transfer is accompanied by sharp aggravation of resorption
processes of bone tissue of an alveolar process, demineralization
of hard tooth tissues. Increasing of the proteinases activity of bone
tissue and the disturbance of bone phosphatases activity testify
about it. Hence, children with thyroid gland diseases need carry
out of active treatment‐and‐prophylactic measures at stages of
active apparatus treatment of maxillodental anomalies. It will
allow avoiding the complication at orthodontic treatment, such as
focal demineralization of enamel, digestsention and fenestration
of an alveolar bone. The further researches are necessary for the
purpose of working out the strategy of complex orthodontic
treatment for the category of children to take into account the
stomatologic status and the main disease.
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