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ABSTRACT

AIM: To see how thyroxine affects the sensory and motor function of a damaged sciatic nerve in male rats.   
MATERIAL and METHODS: Forty adult male Wistar rats were allocated to four groups, 10 individuals each. Then, crush injury was 
done on the right sciatic nerve in all the groups using a vessel clamp. In thyroxine-treated groups and after the crush, the rats were 
given regular doses of thyroxine (5 and 10 µg/kg) for one week intraperitoneally. Negative control group was treated intraperitoneally 
with distilled water as a vehicle. In sham operated group, only surgical procedures were performed without nerve crush. Then, 
behavioral, histological, and morphometric parameters were assessed at the regeneration time.
RESULTS: After one week of treatment with thyroxine, the motor function improved significantly following a sciatic nerve crush (P 
≤ 0.05). Also, morphometric parameters and sensory restoration improved in thyroxine-treated groups.
CONCLUSION: Findings of this study showed that neuro-protective effects of thyroxine can be due to the stimulatory effects of 
thyroxine in myelin sheath formation and increasing the expression of SCG10 protein which is required for the development of 
growth cones.
KEYWORDS: Thyroxine, Sciatic nerve injury, Regeneration

Corresponding author: Fariba MAHMOUDI   f.mahmoudi@uma.ac.ir

In this regard, one of the major epigenetic factors that control the 
nervous system regeneration is the thyroid hormone. Previous 
reports show that in hypothyroidism mice, thyroid hormone 
deficiency limits the nerve regeneration by decreasing axonal 
development (1,20). Thyroid hormone deprivation causes 
a decline in the number of myelin fibers and a delay in the 
expansion of axon diameter in the peripheral nervous system 
(22,27). According to Kormpakis et al. (13), thyroid hormone 
was shown to accelerate nerve fiber growth and restore 
sensory neurons in the individuals with ulnar nerve defects. 
Previous studies demonstrate that thyroid hormone affects all 
neurologic activities such as myelination, synaptogenesis, and 
axogenesis and controls the CNS development (14,28,29). 
Also, Grandel et al. reported that thyroid hormone promoted 
recovery in the brain of adult fish by conserving most of 

█   INTRODUCTION

Peripheral nerve lesion is a challenging problem, from 
which patients suffer following extreme trauma. 
Around 3 percent of all trauma patients are estimated 

to undergo peripheral nerve injuries and its prevalence rate 
increases annually (8). The main cause of sensory and motor 
disability is peripheral nerve damage, which occurs frequently. 
Severe damage to peripheral nerve leads to impaired ability 
to move muscles, impaired normal sensation, loss of muscle 
innervations, and painful neuropathy (16). The peripheral 
nervous system has inherent ability to self-regenerate after 
damage. However, in extreme injuries, recovery is almost 
insufficient and use of agents that promote the regeneration 
rate is necessary (24). 
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the brain’s neural stem cells (10). Thyroid hormone is an 
essential endocrine signal that is retained in all vertebrates 
and has regenerative potentials. Furthermore, studies have 
represented that low levels of thyroid hormone may be useful 
in the treatment of neurodegenerative disorders (4,9). Although 
many studies have examined the protective effects of thyroxine 
on central nervous system disorders, neuroprotective action 
of thyroxine on peripheral nerve regeneration remains unclear. 
There are a few reports concerning the effects of thyroxine on 
peripheral nerve regeneration; however, there is no information 
about the effects of thyroxine on sciatic nerve crush model. 
In this paper, we used nerve crush model because nerve 
crush injury in rats is a commonly used axonotmetic model 
(an experimental model, in which injury has the potential 
to recover completely) to study regeneration after nerve 
damage. Generally, suture technique and materials could 
cause nonselective inflammatory responses in a transaction 
model, which highlights the novelty of the present study. The 
majority of studies that have considered thyroid hormone 
recovery capacity have been restricted to central nervous 
system disorders; thus, this animal research was planned 
to investigate the potential effects of thyroid hormone on 
functional improvement following sciatic nerve hurt.

█   MATERIAL and METHODS 

Drugs and Chemicals

Thyroxine was prepared from Merck (Germany) and was 
injected daily into the animals as a solution in distilled water 
at doses of 5µg/kg and 10µg/kg. All the injections were given 
intraperitoneally.

Animals

Forty male Wistar rats, weighing 230–250 g, were employed 
for this research. The animals were kept in a 12-h light/dark 
cycle, temperature of 22 ± 2 °C, and  humidity of 60 ± 5% with 
ad libitum access to standard rodent food and water. All the 
experimental protocols were done according to the regulations 
of Ethics Committee of Ardabil University of Medical Sciences 
(code: IR.ARUMS.REC.1398.512).

Grouping and Surgical Procedures

Forty male animals were used in four groups (n=10): sham 
operated group (only performing surgical procedures without 
nerve crush), negative control group (nerve crushing and 
treated in traperitoneally with distilled water as a vehicle), and 
two experimental groups treated every day with thyroxine at 
5 and 10 µg/kg doses, respectively, for one week after the 
crush. 

The rats were first given a combination of ketamine (80 mg/
kg body weight) and xylazine (10 mg/kg body weight) to make 
them unconscious. The foot and lumbar skin were shaved and 
cleaned with a 10% povidone-iodine solution. The skin and 
leg muscles were surgically cut; then, the right sciatic nerve 
became visible and a 4 mm section of it was crushed using 
a hemostatic forceps for 1 min. Afterwards, the muscle layer 
and skin were disinfected and sutured. Then, the animals 
were kept alone in cages until recovery. They were given 

buprenorphine (1 mg/kg) for two days following surgery to 
alleviate pain. After one-week adaptation of the rats in animal 
houses, all the surgeries were done between 9 a.m. and 12 
p.m.

Functional and Sensory Recovery Evaluation

The sciatic functional index (SFI) was utilized to evaluate 
motor function before and after the nerve crush at 2, 4, 6, 
and eight weeks after the operation. The amount of SFI was 
commutated using the formula: SFI = -38.3[(EPL-NPL)/NPL] 
+ 109.5[(ETS-NTS)/NTS] + 13.3 [(EIT-NIT)/NIT] - 8.8, in which 
EPL: experimental print length, NPL: normal print length is the 
distance from top of the third toe to heel, ETS: experimental 
toe spread, NTS: space between the first and fifth toes on the 
nonsurgical side, EIT: experimental intermediary toe spread, 
and NIT: normal intermediary toe spread as the distance 
between the second and fourth toes. In general, the SFI value 
varies between 0 and -100; an SFI of around 0 indicates 
normal function, while -100 indicates total dysfunction. Also, 
sensory recoveries of the animals were assessed at the same 
time using a hot-plate test. A hot-plate test is widely used 
to assess thermal nociception. Briefly, hot-plate is a broadly 
utilized test for evaluating the thermal nociception. The hot-
plate was set to the temperature of 54 °C; then, the rats were 
wrapped by a careful towel over its midriff and, afterwards, 
situated to remain with the influenced rear paw on a hot plate 
and nociceptive withdrawal reflex was evaluated (11). The cut-
off latency of 12 sec was used to avoid the tissue injury in this 
test.

Histomorphometry

The animals were anesthetized with an intraperitoneal 
injection of ketamine and xylazine at the end of the tests. 
Afterwards, distal regenerated nerve segments in each group 
were extracted for histomorphometric examination. Then, 
tissue segments were fixed in 2.5 % glutaraldehyde and 1 
% osmium tetroxide. The samples were then dehydrated in 
ethanol and embedded in resin; the thin slices (approximately 
1 μm) were prepared and stained using toluidine blue for light 
microscopy analysis. Afterwards, the Image J program was 
used to calculate morphmetric characteristics such as the 
number of myelinated fibers, myelin sheath thickness, fiber 
and axon diameters (21). 

Gastrocnemius Histological Assessment

In order to identify and study the gastrocnemius muscle 
atrophy severity, Masson’s trichrome staining was used. In 
brief, the tissue samples were first fixed in formalin (10%) and, 
then, embedded in paraffin. The sections with 5 μm thick were 
prepared from the samples by microtome. Then, the prepared 
samples were deparaffinised and rehydrated. The samples 
were stained with Mason trichrome. Finally, the prepared 
slides were evaluated using a light microscope. 

Gastrocnemius Muscle Mass Index

As previously mentioned, the weight of the gastrocnemius 
muscle mass was assessed 8 weeks after the surgery to 
detect denervation atrophy. The gastrocnemius muscles on 
both sides were separated and weighed. Then, gastrocnemius 
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muscle mass ratio of the surgery side and control side was 
determined. The gastrocnemius muscle atrophy rate on the 
operated side was indicated by the muscle mass ratio, with 
a 100 percent gastrocnemius muscle index (GMI) indicating 
complete recovery on the operated side.

Statistical Analysis

Statistical analyses were done using SPSS Statistics 16.0 
software. To determine the statistical significance, all the data 
were analyzed using one-way analysis of variance (ANOVA) 
and Tukey’s post-hoc test. All the data were presented as the 
mean with standard deviation (SD). The p-value ≤ 0.05 was 
considered significant statistically.

█   RESULTS
Examining Motor Function

According to the results of this test, the amount of SFI in 
healthy rats was (0 to -10), which indicated the normal motor 
function. Two weeks after sciatic nerve crush, the SFI level 
was uniformly low in all the experimental groups without 
any significant difference, showing that the total loss of the 
motor function. Subsequently, in weeks 4 and 6, the sciatic 
nerve function index in the thyroxine-treated group (10 μg/kg) 
increased significantly in comparison with the negative control 
rats (p<0.05; Figure 1). Also, when comparing the thyroxine-
treated group (5 g/kg) to the negative control group, the 
improvement rate in the motor function was higher, although 
not statistically significant. Eight weeks after the injury 
results, the groups were treated with thyroxine-treated and 
the negative control group completely improved their motor 
function (Figure 1). 

Sensory Recovery Test

Improvement in the sensory function was assessed using a 
hot-plate test 2, 4, 6, and 8 weeks after the crush. According 
to the results, the first symptoms of the sensory function 
improvement were observed 4 weeks after crush. According to 
the studies, in weeks 4 and 6 after the surgery, the response to 
the hot-plate test was faster in the group treated with thyroxine 
(10 μg/kg) than in the negative control group (p≤0.05; Figure 
2). Furthermore, there was no significant difference in heat 
reaction time between thyroxin-treated (5 μg/kg) and negative 
control groups (Figure 2). 

Histomorphometry Analysis

The results obtained from the morphometric study for each of 
the experimental groups after staining with toluidine blue are 
given in Table I. Morphometric results, 8 weeks post-surgery, 
demonstrated that the fiber number and myelin sheath 
thickness in the thyroxine-treated group (10 μg/kg) showed 
a considerable rise when compared to the negative control 
group (p<0.05; Figure 3A-D). Also, there was no significant 
difference in the fiber number between the thyroxine-treated 
(5 μg/kg) and negative control groups. Furthermore, myelin 
sheath thickness in the thyroxine-treated (5 μg/kg) group was 
significantly increased in comparison to the negative control 
group (Table I, Figure 3A-D).

Histological Assessment of Gastrocnemius Muscle

Figure 4 shows the gastrocnemius muscle stained with Mason 
trichrome in different groups. According to the observed 
images, it is inferred that the level of the collagen fiber in the 

Figure 1: Functional index 
of sciatic nerve after surgery. 
Data are presented as mean ± 
standard error of mean. p<0.05*, 
p<0.01**, and p<0.001*** are 
considered significant compared 
to the negative control group.
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Figure 2: Figure indicates 
the improvement rate of 
sensory function in the 
hot-plate test after surgery. 
Results are shown as mean 
± standard error of mean. 
p<0.05* and ***p<0.001 
are considered significant 
compared to the negative 
group.

Figure 3: Images of semi-
thin transverse sections in 
the distal part of the sciatic 
nerve 8 weeks after crush. 
Sham (A), negative control 
(B), thyroxinee 5 μg /kg 
(C), and thyroxinee 10 μg/
kg (D).

A B

C D
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█   DISCUSSION 

Following severe peripheral nerve damage, lack of sensory 
and motor function severely affects patients’ lives. As a result, 
it is critical to accelerate and improve the restoration of injured 
axons (30). For years, thyroid hormones have played a crucial 
role for the normal increase in the nervous system in mammalian 
embryos and infants (6). According to the present study, 
treatment with thyroxine at doses of 5 and 10 μg/kg for one 
week increased nerve regeneration. Considering the results 
of SFI, hot-plate, and morphometric analysis, administering 
thyroxine increased the number of myelin fibers and thickness 
of myelin sheath; it also improved sensory and motor functions 
and, thus, led to nerve regeneration. The current study’s 
findings were consistent with those of previous research that 
have demonstrated the induction of hyperthyroidism in rats 
could increase axon regeneration at trauma sites. Increasing 
T3 accelerates the longitudinal growth of regenerative 
peripheral axons. Also, the protective effect of the hormone 

negative control group increased, which indicated muscle 
atrophy (Figure 4A-D). In addition, in the thyroxine-treated 
groups, collagen fiber formation was reduced compared to 
the negative control group. The images also showed that in 
the sham and thyroxine-treated (10 µg/kg) groups, there was 
no level of collagen fiber and atrophy (Figure 4A-D).

Evaluating Gastrocnemius Muscle Mass

Eight weeks after drug treatment with thyroxine, the 
gastrocnemius muscle in the crushed foot and the healthy foot 
was separated and weighed. Then, the mean weight ratio of 
gastrocnemius muscle of the crushed foot to the healthy foot 
was compared in all the groups. According to the observed 
results, the operated leg muscle had a different degree of 
muscle atrophy in all the groups (p≤0.05; Figure 5). In the 
groups treated with thyroxine, less degrees of muscle atrophy 
were observed than other groups (p≤0.05; Figure 5).

Table I: Results of Morphometric Examination of the Distal Part of the Sciatic Nerve in the Eighth Week After Surgery. Data are Shown 
as Mean ± Standard Error of Mean (n=5), and p<0.05*, p<0.01** and ***p<0.001 were Considered Significant Compared to Negative 
Control Group

Groups Number of fibers Diameter of fibers Diameter of axon Thickness of myelin sheath

Sham 4978 ± 3.9*** 6.05 ± 0.4*** 4.08 ± 0.3*** 1.97 ± 0.2***

Negative control 4559 ± 4.7 2.01 ± 0.3 1.47 ± 0.3 0.52 ± 0.08

Thyroxine 5 μg/kg 4387 ± 11.3* 3.76 ± 0.13*** 2.55 ± 0.11*** 1.21 ± 0.1***

Thyroxine 10 μg/kg 9676 ± 28.6*** 4.79 ± 0.47*** 3.53 ± 0.46*** 1.26 ± 0.05***

Figure 4: Gastrocnemius 
muscle stained with Mason 
trichrome. Sham (A), negative 
control (B), thyroxinee 5 μg /
kg (C), and thyroxinee 10 μg /
kg (D).

A B

C D
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may also directly activate SCG10 expression (23). In addition, 
T3 stimulates the assembly of microtubules that are necessary 
for axon growth (7). 

█   CONCLUSION
The present findings showed that treatment with thyroxine 
after peripheral nerve injury accelerated nerve repair and 
improved sensory and motor function. These results can be 
due to the stimulatory effects of thyroxine on myelin sheath 
formation. Thyroxine could decrease the apoptosis and 
protect the Schwann cells which are necessary for nerve 
regeneration. 
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