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Model of induction of thyroid dysfunctions in adult female mice
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ABSTRACT

It is described the elaboration of a protocol to induce hyperthyroidism and hypothyroidism in mice by
administrating thyroxin and propylthiouracil, respectively, in the drinking water. The drugs were
administered to adult female mice of the Swiss strain for 30 days in order to obtain a systemic status of
thyroid dysfunction. The induction of hyperthyroidism and hypothyroidism in the animals was confirmed
by the histomorphological analysis of the thyroid in the end of the experiment, when the state of gland
dysfunction in the animals submitted to the treatment was observed.
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RESUMO

Descreve-se a elaboragdo de um novo protocolo de indug¢do ao hipertireoidismo e hipotireoidismo em
camundongos, por meio da administra¢do de tiroxina e propiltiouracil, respectivamente, na dgua de
beber. As drogas foram administradas a camundongos fémeas adultas Swiss por 30 dias para obtengdo
das disfungées tireoidianas sistémicas. A indugdo de hipertireoidismo e hipotireoidismo nos animais foi
confirmada pela andlise histomorfologica e histomorfométrica da glandula tireoidiana ao final do
experimento, quando observou-se o estado de disfun¢do glandular nos animais submetidos ao
tratamento.
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INTRODUCTION Hyperthyroidism is the most common endocrine
discase in women (Goldman, 1990), and
Triiodothyronine (T3) and thyroxin (T4) hypothyroidism may occur in individuals of all
hormones are known as cell metabolism ages affecting several different organs and
regulators, being associated with different systems (Ishikawa et al., 1998).
biological processes in all vertebrates (Shi et al.,
2002; Nunes, 2003). Experimental studies associated with thyroid
dysfunctions and changes in the metabolism and
Thyroid dysfunctions are considered as some of body development are based on the suppression
the most important endocrinopathies both in of hormone production (McCardle et al., 1998;
human (Shi et al., 2002) and in veterinary Ferreira et al., 2003; Khotimchenko e
medicine (Rijnberk et al., 2003). Sergushchenko, 2003; Silva et al., 2004) or
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thyroxin administration in high doses promoting
an iatrogenic hyperthyroidism status (Kobayashi
et al.,, 2000; Serakides et al., 2002; 2005).
However, most studies recommend the use of
traumatic methods and protocols, as for hormone
dosage or the induction methodology using rats
as animal model. A suggestive resistance to
induction of hypothyroidism in mice is described
in the literature, for unknown reasons (Hardisty
and Boorman, 1999).

In the literature, no protocol using adult mice in
thyroid dysfunction studies was found, which
unables an appropriate standardization of
experimental hypothyroidism or hyperthyroidism
induction in these animals. The use of mice in
certain studies, as “knockout” animals or hosts
for specific tumors, reinforces the need of
standardizing the model of inducing thyroid
dysfunction proposed in this work.

The main purpose of this work was to establish a
protocol to induce hyperthyroidism and
hypothyroidism in adult female mice, in a simple
and practical way, in order to obtain an
experimental model.

MATERIAL AND METHODS

Thirty three-month-old female mice were kept in
plastic boxes (10 animals/box), where they
received commercial concentrate food and water
ad libitum. Mice were submitted to a regimem of
12 hours of light and 12 hours of darkness.
Animals were distributed in three groups of 10, a
hyperthyroid group, a hypothyroid one, and a
third one maintained as control.

The animals of the hyperthyroid group received
L-thyroxin daily at a dose of 2pg/ml, diluted in
drinking water. Animals of the hypothyroid
group received propylthiouracil (PTU) at a dose
of 1mg/ml, diluted in drinking water similar to
the hyperthyroid group. The control group
received  distillate ~ water.  Drugs  were
administered for 30 days in an attempt to obtain
a clinical-physiological status of thyroid
dysfunction in the animals. L-thyroxin and PTU
dose ingested daily by each animal was
estimated by subtracting the daily quantity of
water drunk from the quantity of water
administered, dividing the value found by the
number of animals in the boxes.
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The body weight was measured in the beginning
and in the end of the treatment, in order to
observe the animals development by drug
ingestion.

After 30 days, animals were sacrificed and
necropsied. Thyroids were inspected and
processed to certify PTU and L-thyroxin effects
on the gland morphology.

Thyroids were fixed in neuter formol and
buffered with 10% phosphate, and processed
according to the routine technique of paraffin
inclusion (Prophet et al., 1992). Histological
sections of 4um were stained using the
hematoxylin-eosin technique (Luna, 1968) for
morphological assessment, where mainly the
height of follicular epithelium, the size of
follicles, the intensity and density of colloid were
observed. The mean height of the follicular
epithelium was obtained by measuring the 30-
follicle epithelium in four different points with
the help of an ocular micrometric and 100x lens.
A randomized design was used with three
treatments and 10 repetitions per treatment, each
animal undergoing one repetition. Means were
compared by the Student-Newman-Kewls test,
considering the level of significance as less than
5% (Sampaio, 2002).

RESULTS AND DISCUSSION

In the beginning of the experiment, animals
which  received  propylthiouracil  reduced
dramatically the water consumption, forcing
changes in the methodology, adding aspartame
as sweetener in water (10 drops/100ml), thus
reestablishing the water ingestion.

A significant difference in the ingestion of water
was observed among the groups during the
treatment (Table 1). Animals of the hypothyroid
group consumed a mean of 220mg of
PTU/animal/day and those from the hyperthyroid
group ingested a mean of 20.49ug of L-
thyroxin/animal/day (Table 2). In rats, lmg of
PTU/kg is the recommended dose to induce
hypothyroidism (Serakides et al., 2002; Silva et
al., 2004). In a pilot experiment, out this dose
yielded no significantly changes in the
morphology of the gland and may be enough to
induce hypothyroidism in mice in a short term.
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As described in the literature, mice are resistant
to PTU, for unknown reasons, thus they need a
much higher dose to induce hypothyroidism
(Hardisty and Boorman, 1999). Serakides et al.
(2005) obtained positive result of hyperthyroid
induction in rats after administering 50ug of L-
thyroxin/animal/day, for 30 days. This dosage for
mice is likely to lead to an intoxication status, as
it is a synthetic hormone and its action in the
organism is dose-dependent. The fact that the
mice weight is much lower than the weight of the
rats should also be considered.

Table 1. Mean and standard deviation of
ingestion of water in hypothyroid and
hyperthyroid and euthyroid female mice

Group Consgmption
(ml/animal/day)
Hypothyroid 2.09+0.63a
Hyperthyroid 9.60+2.51b
Euthyroid 4.97+0.74¢

Same letters in the same row indicate no difference
(SNK test - P>0,05).

Table 2. Mean and standard deviation of
consumption of drugs in hypothyroid and
hyperthyroid female mice

Group Consumption
Hypothyroid 2.204+0.61mg of
PTU/animal/day
Hyperthyroid 20.49+4.70pg of L-
Thyroxin/animal/day

The weight gain was observed in euthyroid and
hyperthyroid animals and body weight loss was
observed in hypothyroid animals. However,
means of body weight of the three studied groups
did not present any statistical difference. In the
thyroid hypofunction, an increase of protean
catabolism occurred, with a consequent reduction
of muscle mass; synthesis of proteins, vitamins,
growth factors; reduction of intestinal absorption
of carbohydrates; in addition to osteopenia
(Allain et al., 1995). Thus, the reduction of body
weight in hypothyroid animals was already
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expected. Changes in the body mass of animals
with  thyroid dysfunctions are probably
associated with a longer period of disease
occurrence and, supposedly, the induction period
has not allowed the observation of such
occurrence in this study.

Morphologically, thyroids of the euthyroid group
were apparently normal, showing round or oval
follicles, with different sizes and coated, most of
the times, by low cuboidal epithelium and filled
with little vacuolated and little dense colloid.
There were also large follicles, in a smaller
number, lined by flattened epithelium (Fig. la
and Ic¢).

In animals treated with PTU, thyroids presented
altered follicles and with varied sizes, filled by a
variable quantity of little dense and very
vacuolated colloid. Coating cells were cuboidal
and sometimes columnar, with a sometimes
cosinophilic  and  sometimes  vacuolated
cytoplasm and large and hypochromatic nuclei.
There were also pools of follicular cells devoid
of lumen (interfollicular adenomatosis) and
follicles coated by one or more layers of cells
forming papillary projections for the lumen
(intrafollicular adenomatosis) (Fig. 1b). These
findings confirm the action of PTU on thyroid
and, consequently, the success of the
hypothyroidism induction, having in mind that
morphological analysis of thyroid has been
described by several authors as a good indicator
of antithyroid drugs (Haschek and Rousseaux,
1991; Serakides et al., 1999).

In the hyperthyroid group, thyroids presented
follicles of several sizes containing a large
quantity of colloid, being coated by flattened
epithelium and visibly smaller than those of the
other groups (Fig. 1d). These findings are
compatible with findings observed in patients
with colloidal goitre caused by iatrogenic
hyperthyroidism and in thyroids of animals
experimentally induced to hyperthyroidism
(Serakides et al., 1999).
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Figure 1. Female mice, thyroid gland. HE. 1a-324X and 1¢-600x euthyroid group: thyroids showing
round or oval follicles, with different sizes and coated, most of the times, by low cuboidal epithelium and
filled with little vacuolated and little dense colloid. 1b- 324x hypothyroid group: thyroids presented
altered follicles and with varied sizes, filled by a variable quantity of little dense and very vacuolated
colloid. There were also pools of follicular cells devoid of lumen (interfollicular adenomatosis). 1d-600x
hyperthyroid group: thyroids presented follicles of several sizes containing a large quantity of colloid,
being coated by flattened epithelium, and visibly smaller than those of the other groups.
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Morphometric analysis confirmed different statuses
of thyroid dysfunction in the studied groups,
showing a significant increase in the height of the
follicular epithelium in the hypothyroid group and
its significant decrease in hyperthyroid animals
when compared to the control group (Table 3)
(P<0.05).

Table 3. Mean and standard deviation of
morphometric analysis of the follicular epithelium
(um) in hypothyroid, hyperthyroid and euthyroid
female mice

Hypothyroid Hyperthyroid Euthyroid

12.10+£2.14a 2.31+0.22b 3.7+0.28¢
Same letters in the same row indicate no difference
(SNK test - P>0.05)
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CONCLUSION

This study allowed elaborating an experimental
protocol of thyroid dysfunctions in adult female
mice, which has not been previously described in
the literature. Thyroid histological analysis
confirmed thyroxin action in the induction of
hyperthyroidism and propylthiouracil action in the
induction of hypothyroidism in mice. In addition,
the administration of drugs in the drinking water
was an effective and practical procedure, and with
little animal handling, important factors when using
animals as experimental models.
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