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Development of a Rat Model for Evaluating Thyroid-Stimulating

Hormone Suppression after Total Thyroidectomy
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Background: We developed an animal model for evaluating thyroid-stimulating hormone (TSH) sup-
pression therapy after total thyroidectomy in rats.

Methods: Sixty Wistar rats were randomly divided into 6 groups, including a sham-operated group (SO
group), a total thyroidectomy group (TD group), and a L-thyroxine (L-T4) treatment I group (TS-I
group), II group (TS-1I group), III group (TS-III group), and IV group (TS-IV group) (in which rats were
treated with 1.4, 1.6, 1.8, and 2.0 ng/100 g body weight, respectively) after total thyroidectomy.

Results: HE staining in the TD group and all L-T4-treated rats showed that the resected tissue was nor-
mal thyroid gland. No residual thyroid tissue was found in neck tissue of the cross-section of the thy-
roid gland. Serum T3 levels in the TS-II group were not significantly different from those in the SO
group, whereas serum T4 levels were slightly higher than those in the SO group, and serum TSH levels
were slightly lower.

Conclusions: Rats subcutaneously injected with L-T4 1.6 ng/100 g body weight for 15 days after total
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thyroidectomy were suitable as an animal model for TSH suppression therapy.

(J Nippon Med Sch 2021; 88: 311-318)
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Introduction

Thyroid cancer is a common malignant endocrine tumor,
and its incidence is increasing annually'. Oral administra-
tion of L-thyroxine (L-T4) for inhibition of thyroid-
stimulating hormone (TSH) is a standard procedure for
postoperative treatment of differentiated thyroid cancer
(DTC). In postoperative TSH suppression therapy for
DTC, thyroid hormone tablets are used to suppress TSH
at or below the lower limit of the normal range after sur-
gery. This helps address thyroid hormone deficiency after
surgery and inhibits growth of cancer cells’.

The TSH inhibitory level is closely associated with re-
currence, metastasis, and cancer-related death of DTC, es-
pecially in high-risk DTC patients. An increase in serum
TSH level might promote postoperative DTC progres-
sion'. The overall prognosis for low-risk DTC patients is

significantly improved when TSH level is suppressed to

0.1 to 0.5 mU/L after surgery. When TSH level in high-
risk DTC patients is suppressed to below 0.1 mU/L, tu-
mor recurrence and metastasis are significantly reduced’.
However, long-term TSH suppression therapy in DTC
patients can lead to drug-induced subclinical hyperthy-
roidism, which significantly increases mortality risk and
the incidence of cardiovascular events in adults, as well
as the incidence of osteoporosis and fracture in post-
menopausal women®’. Cognitive impairment has been re-
ported in some patients’. To clarify the effects of TSH
suppression therapy on thyroid cancer after thyroidec-
tomy, it is essential to create animal models that facilitate
study of the relevant mechanisms. We evaluated an ani-
mal model of TSH suppression therapy after total thyroi-
dectomy in Wistar rats by resecting thyroid tissues and

administering L-T4.
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Fig. 1 Overview of research design and experimental process

Materials and Methods

Ethics Statement

All research animals were treated in accordance with
the Principles of Laboratory Animal Care formulated by
the US National Society for Medical Research and the US
Guide for the Care and Use of Laboratory Animals pub-
lished. This study was approved by the biomedical ethics
committee of Inner Mongolia Medical University (No.
YKD2014063).

Experimental Animal

Here, clean-grade, female Wistar rats aged 8 weeks
with an average body weight (BW) of 200 + 30 g were
purchased from the Laboratory Animal Center of Inner
Mongolia Medical University (Inner Mongolia, China;
Production License No. SCXK [Mongolia] 2015-0001).
Feeding conditions were illumination time, 12/12 h, rela-
tive humidity, 45% to 50%, and ambient temperature,
22°C to 23°C. All rats were free to drink and eat.

The rats were randomly assigned to 6 groups. Figure 1
shows the research design and experimental process.

(D Sham-operated group (SO group): 10 rats were fed
a standard diet and distilled water. After the rats were
anesthetized with 10% chloral hydrate solution, the neck
was incised to expose the thyroid gland without thyroid

ablation, and then suturing was performed.
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(@ Total thyroidectomy group (TD group): After 10 rats
were adaptively fed for 1 week, total thyroidectomy was
performed. The rats were fed a standard diet and high-
calcium water (1% calcium gluconate). On the 1" day af-
ter surgery, the abdominal subcutaneous injection of pla-
cebo was given daily.

(3 L-T4 treatment I group I (TS-I group): After 10 rats
were adaptively fed for 1 week, total thyroidectomy was
performed. The rats were fed a standard diet and high-
calcium water (1% calcium gluconate). On the 1% day af-
ter surgery, an abdominal subcutaneous injection of L-T4
1.4 ug/100 g BW was given daily.

(@ L-T4 treatment II group (TS-II group): After 10 rats
were adaptively fed for 1 week, total thyroidectomy was
performed. The rats were fed a standard diet and high-
calcium water (1% calcium gluconate). On the 1" day af-
ter surgery, an abdominal subcutaneous injection of L-T4
1.6 ng/100 g BW was given daily.

(5) L-T4 treatment 111 group (TS-III group): After 10 rats
were adaptively fed for 1 week, total thyroidectomy was
performed. Rats were fed a standard diet and high-
calcium water (1% calcium gluconate). On the 1" day af-
ter surgery, an abdominal subcutaneous injection of L-T4
1.8 ng/100 g BW was given daily.

® L-T4 treatment IV group (TS-IV group): After 10
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rats were adaptively fed for 1 week, total thyroidectomy
was performed. The rats were fed a standard diet and
high-calcium water (1% calcium gluconate). On the 1"
day after surgery, an abdominal subcutaneous injection
of L-T4 2.0 ug/100 g BW was given daily.

Reference Ranges for Thyroid Function in Normal
Rats

A previous study established normal reference values
for serum thyroid hormones in adult Wistar rats, namely,
0.73 to 0.98 ng/mL for T3, 4.2 to 8.4 ng/mL for T4, and
0.76 to 1.29 uIU/mL for TSH’.

Procedure for Total Thyroidectomy in Rats

As in our previous study", a longitudinal incision, 2.0
to 2.5 cm in length, was made in the middle of the neck.
Neck skin and subcutaneous connective tissue were in-
cised. The sternohyoid muscle of the trachea was bluntly
separated along the middle line. After being opened with
a distractor, the white trachea and a pair of oval thyroid
glands attached to the thyroid cartilage on both sides of
the trachea ring could be seen. The bilateral thyroid
glands were deep reddish brown and connected across
the trachea by the isthmus (Fig. 2A). The bilateral supe-
rior thyroid arteries were ligated, the thyroid isthmus
was pinched with tweezers, and the thyroid isthmus was
cut with ophthalmic scissors (Fig. 2B). One side of the
broken end was lifted, and the thyroid gland was bluntly
separated close to the trachea surface; thus, the recurrent
laryngeal nerve between the thyroid gland and trachea
could be observed. After the recurrent laryngeal nerve
was carefully stripped, the unilateral thyroid gland and
isthmus were completely resected. The contralateral thy-
roid gland was then removed with the same technique
until there was no thyroid tissue below the thyroid carti-
lage (Fig. 2C~E). Care should be taken to avoid damag-
ing blood vessels intraoperatively, and sterile cotton
swab or gauze should be used to immediately stop any
intraoperative bleeding.

After the operation, the resected thyroid tissue was
fixed in a 10% neutral solution of formaldehyde (Fig. 2F).
After confirming the absence of bleeding, the distractor
in the neck was removed, the sternohyoid muscle of the
trachea was reset, the muscle membrane and skin were
sutured layer-by-layer, the incision was covered with
gauze after iodophor disinfection, and warm light was
used until recovery.

TSH Suppression Was Induced in the Rat Model af-
ter Total Thyroidectomy

Starting on the 1" day after surgery, rats in the SO

group and TD group were subcutaneously injected with
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placebo (saline) daily. Rats in groups I, II, III, and IV
were treated with L-T4. From the 1* day after surgery, L-
T4 was subcutaneously injected into the abdomen daily
at doses of 1.4, 1.6, 1.8, and 2.0 ug/100 g BW, respec-
tively. After 15 days of injection, the rats were sacrificed
and serum samples were collected. Simultaneously, the
neck was cut off at the upper and lower 1 cm of the thy-
roid location, and neck tissue in the cross-section of thy-
roid gland was obtained.

Criteria to Determine Model Success

The rat model for TSH suppression therapy after total
thyroidectomy was considered successful when serum T3
and T4 in the L-T4 treatment groups were within the
normal ranges specified above, or T4 was slightly ele-
vated and TSH was below the lower limit of the normal
range.

Assessment of Indexes and Methods

Determination of serum T3, T4, and TSH

On the 15" day after surgery, serum samples were col-
lected from rats in the TD group and all L-T4 treated
rats, and serum T3, T4, and TSH were then determined
with a Cobas E601 automatic electrochemiluminescence
immunoassay system (Roche).

Hematoxylin and eosin (HE) staining of resected tis-
sues and neck tissue

Resected neck tissues of rats in the TD group and all
L-T4 treated rats were fixed with 10% formaldehyde neu-
tral solution, dehydrated, and embedded in paraffin. Af-
ter obtaining a routine 4-pm section, HE staining was
performed. At the same time, neck tissues of the cross-
section of thyroid gland from rats in the SO group and
thyroidectomized rats were removed and stained with
HE.

Statistical Analysis

SPSS 19.0 software (IBM, Armonk, NY, USA) was used
for statistical analysis. The W-test was used to analyze
the normality of each index. Normally distributed data
are shown as mean + SD (X%S). The t-test was used for
comparing those 2 groups, and analysis of variance
(ANOVA) was used for comparison among multiple
groups. A P value of <0.05 was considered to indicate

statistical significance.

Results
HE Staining of Resected Neck Tissue
HE staining was used to examine resected neck tissue
from rats in the TD group and all L-T4 treated rats. Light
microscopy revealed numerous round or irregular follicu-

lar structures. The follicles were rich in glia, and capillar-
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A: Anatomical appearance of thyroid gland (the superior thyroid arteries are ligated on

both sides). B: Total thyroidectomy. C: Anatomic appearance of neck after total thyroidec-

tomy. D: Exposed right recurrent laryngeal nerve after total thyroidectomy. E: Exposed

left recurrent laryngeal nerve after total thyroidectomy. F: Resected thyroid glands. G:

Thyroid grand histology (HE, 10 x 10).

ies and scattered parafollicular cells were present among
the follicles, which proved that the excised tissue was
normal rat thyroid gland (Fig. 2G).

HE Staining of a Neck Cross-Section after Total Thy-
roidectomy

Follicular structure, tracheal cartilage, connective tis-

sue, and muscle tissue were observed in neck tissue of a
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thyroid gland cross-section of rats in the SO group after
HE staining (Fig. 3A). However, no follicular structure
was found in the thyroidectomized rats, although tra-
cheal cartilage, connective tissue, muscle, and inflamma-
tory cells infiltrated the resected area, indicating that the

thyroid gland was completely resected (Fig. 3B).
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Fig. 3 Histology of the cross-section of neck

A: Histology of cross-section of thyroid gland in a normal rat (HE, 4 x 10).

B: Histology of cross-section of thyroid gland after total thyroidectomy (HE, 4 x 10).

Serum Thyroid Hormone Levels

Serum levels of T3 and T4 were significantly lower in
the TD group than in the SO group, whereas serum TSH
was significantly higher (P < 0.01). Serum levels of T3
and TSH were not significantly different in the TS-I
group and SO group (P > 0.05), while serum T4 level
was slightly higher than that in the SO group (P < 0.05).
Serum T3 levels in the TS-II group were not significantly
different from those in the SO group (P > 0.05), while se-
rum T4 level was slightly higher than that in the SO
group, and serum TSH level was slightly lower than that
in the SO group (P < 0.01). Serum levels of T3 and T4
were much higher in the TS-III group than in the SO
group, whereas the serum level of TSH was significantly
lower than that in the SO group (P < 0.01). Serum T3 and
T4 levels were significantly higher in the TS-IV group
than in the SO group; however, serum TSH level was sig-
nificantly lower than that in the SO group (P < 0.01) (Fig.
4).

In sum, after thyroidectomy, rats in the TD group were
hypothyroid; rats in the TS-I group were in a replace-
ment state of thyroid function; rats in the TS-II group
were in a TSH suppression state; and rats in the TS-III
group and TS-IV group were hyperthyroid. Therefore, in-
jection of L-T4 1.6 ng/100 g BW was considered a suc-
cessful rat model for TSH suppression therapy after total
thyroidectomy.

Discussion
In this study, to evaluate TSH suppression therapy after
surgery for DTC, we created a rat model for TSH sup-
pression therapy after total thyroidectomy. To treat DTC
patients with TSH suppression therapy after thyroidec-
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tomy, complete resection of thyroid tissue should first be
done, to reduce the effect of residual thyroid tissue on
subsequent experiments. The thyroid gland is located in
the ventrolateral part of the first 4 or 5 tracheal rings be-
low the thyroid cartilage, and the left and right lateral
lobes are connected by the isthmus across the ventral
surface of the trachea. The glands are reddish brown,
about 3.9 to 55mm in length and 2.0 to 3.0 mm in
width, and encompass about 4 to 5 tracheal rings. The
thyroid and parathyroid glands cannot be distinguished
by the naked eye.

The thyroid blood supply was very rich, and there
were extensive anastomoses in arteries, from the capsule
with connective tissue into the gland. A fenestrated capil-
lary network was formed around the follicles, and then
the capillary network reintegrated into the venous net-
work, resulting in greater blood loss during surgical re-
section”. In the rat neck, the bilateral recurrent laryngeal
nerves are in the tracheoesophageal groove. The recur-
rent laryngeal nerve innervates movement of the vocal
cords and distributes to most of the larynx, which is re-
sponsible for sensation in the laryngeal muscles and mu-
cosa below the vocal cords. Unilateral recurrent laryngeal
nerve injury manifests as vocal cord paralysis, while bi-
lateral recurrent laryngeal nerve manifests as aphonia,
dyspnea, and even death from asphyxia” In this study,
the superior thyroid artery was initially ligated, after
which the thyroid isthmus was cut off, and the thyroid
gland was fully removed by blunt dissection. This re-
duced the amount of residual thyroid tissue caused by
sharp resection, controlled intraoperative bleeding, and
protected the recurrent laryngeal nerve. Excessive force

should be avoided during the operation, to avoid crush-
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Fig. 4 Serum levels of thyroid hormone

A: Serum levels of T3 in rats in each group (*P<0.01 vs. SO group; ?P<0.01 vs. SO group); B: Serum levels of
T4 in rats for each group (*P<0.01 vs. SO group; ®P<0.05 vs. SO group; #¥P<0.01 vs. SO group; tP<0.01 vs. SO
group); C: Serum levels of TSH in rats for each group (*P<0.01 vs. SO group; #P<0.01 vs. SO group; »P<0.01

vs. SO group)

(Note: Normal T3 level: 0.73-0.98 ng/mL; normal T4 level: 4.2-8.4 ng/mL; normal TSH level: 0.76-1.29 ulU/

mL)

ing thyroid tissue, as this causes bleeding and affects the
clarity of the surgical field of vision, which can increase
the risk of recurrent laryngeal nerve injury and worsen
crushing of the residual thyroid tissue in the surgical
area. HE staining was undertaken in the resected tissue
of the experimental rats, and excised tissues were identi-
fied as normal thyroid gland. At the same time, HE
staining of neck tissue of the thyroid gland cross-section
showed no follicular structure in the histology of the thy-
roid gland, while tracheal cartilage, smooth muscle, con-
nective tissue, and inflammatory cells infiltrated the re-
sected area, indicating that thyroidectomy was success-
fully performed and all thyroid tissues were resected.
Race, region, nutrition, iodine intake, and measure-
ment methods all affect thyroid hormone levels, and TSH
reference values vary significantly by age, gender, time of
day, and race™". Therefore, reference values for thyroid
function must be established in Wistar rats before creat-

ing a model for TSH suppression therapy after total thy-
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roidectomy in rats. In a previous study, we successfully
established normal local reference values for serum thy-
roid hormones in adult Wistar rats’. This provided a nor-
mal reference value range for this study and basic data
for the study on thyroid-related diseases in this region.
In rat experiments, methods of exogenous administration
of L-T4 included intragastric perfusion, subcutaneous in-
jection, intraperitoneal injection, and subcutaneous mini-
pump implantation"”. The advantage of oral administra-
tion is that it is easy and does not cause irritation to rats;
however, it cannot properly control the dose, which is
easily affected by food intake (or water intake) and the
digestive function of rats. Intraperitoneal injection can ac-
curately control drug dosing; however, rapid drug ab-
sorption leads to marked fluctuations in T3 and T4 levels
in plasma and tissue. Unlike intraperitoneal injection,
subcutaneous mini-pump injection of L-T4 into the backs
of rats does not cause drastic fluctuation of thyroid hor-

mone level; however, the dose cannot be adjusted in rela-
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tion to BW. Because hypothyroidism can increase BW in
rats after thyroidectomy, the change in BW might lead to
a mismatch between dose and BW. For this reason, we
selected a method of subcutaneous injection of L-T4 that
allows for accurate control of dose and adjustment at any
time in relation to change in BW. Although it can still
cause fluctuations in thyroid hormone levels in rats, sub-
cutaneous drug absorption is slower than in the abdomi-
nal cavity, and fluctuations of thyroid hormone levels are
more moderate in rats.

In addition to choosing an appropriate method for ad-
ministration, the dose and duration of administration are
important. In a previous study, L-T4 was injected at a
daily dose of 1.6 ug/100 g BW, which supplemented re-
duced thyroxine hormone and replaced thyroid function
in rats®. Therefore, in the present study we selected 4
doses of L-T4-1.4, 1.6, 1.8, and 2.0 ug per 100 g BW-after
thyroidectomy. Van et al. confirmed that after rats were
injected with radioisotope-labeled T4 for 6 to 8 days, the
total amount of labeled metabolites excreted through fe-
ces and urine became stable and was equal to the daily
injected dose of T4". However, in other studies, after to-
tal thyroidectomy, L-T4 was injected into rats for 12 to 13
days to achieve replacement™ On the basis of the above
findings, in this study serum thyroid hormones were
tested after 15 days of continuous injection of L-T4. The
results confirmed that administration of L-T4 1.6 ug/100
g BW to rats for 15 consecutive days after thyroidectomy
was optimal for an animal model for TSH suppression
therapy. The administered dose of L-T4 for replacement
therapy was slightly different from the results of the
above studies, perhaps because of the effects of region,
iodine intake, and measurement method on thyroid func-
tion. Inner Mongolia is dry and cold, so normal reference
values for serum thyroid hormone in adult Wistar rats
are different from those in other areas. Similarly, iodine
intake was lower than in other regions. Our results show
the dose of L-T4 required for TSH suppression therapy in
Wistar rats after thyroidectomy.

In conclusion, rats subcutaneously injected with L-T4
at a dose of 1.6 ug/100 g BW for 15 days after total thy-
roidectomy were suitable for use as an animal model for

TSH suppression therapy.
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