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Abstract 

Background: Liraglutide, a glucagon-like peptide-1(GLP-1) receptor agonist, is used to treat patients 
with type-2 diabetes mellitus. It may have several adverse effects on thyroid glands  as GLP-1 
receptors are highly expressed in thyroid glands. Aim of Study: To investigate the effect of  
(liraglutide) on structure and function of thyroid gland in rats and its effect on behavioral and 
psychomotor function. Material and Methods: This study was carried out in the animal house, Faculty 
of Medicine, Suez Canal University. Rats were divided randomly into 3 groups, 6 rats/group. Control 
group: rats received normal saline once daily, GLP -short term and GLP -long term groups: rats 
received (0.075 mg/kg/day) liraglutide intraperitoneally (i.p.) once daily for 11 days and 12 weeks 
respectively. Anxiety was assessed using open field test and forced swimming test for depressive-like 
behavior. Estimation of TSH, FT3, FT4 and calcitonin in addition to histopathological and 
immunohistochemical changes for calcitonin expression in thyroid tissue as a clinical biomarker for 
C-cell diseases were done. Results: Anxiety-like behaviors were significantly increased in GLP -long 
term group. Forced swimming showed longer immobility time in the GLP -long term group. Reduced 
TSH, elevated calcitonin in GLP -long term group. FT4 and FT3 were insignificantly elevated. 
Histopathological changes were noticed and immunohistochemical expression of calcitonin 
significantly increased in thyroid tissue of GLP -long term group. Conclusion: There is a probable high 
risk of thyroid hyperplasia and cancer in GLP -long term treatment. 
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Introduction  

Liraglutide, a GLP-1 receptor agonist, is an 
analog of human glucagon-like peptide-1 (1). 
GLP-1 is an essential hormone released by L-
cells in the ileum after meals (2). It plays a role 
in increasing insulin secretion from the 
pancreas while suppressing glucagon 
secretion, which opposes insulin action (3). 
Liraglutide and exenatide are GLP-1 drugs 
that are approved by FDA for clinical use in 
treating type 2 diabetes mellitus (4,5). On 
2010, the FDA declared liraglutide can be 

used once daily as a glycemic control agent 
in type 2 diabetes mellitus (4,5). 
While GLP-1 analogs like liraglutide 
effectively lower blood glucose levels in type 
2 diabetic patients (4,5), GLP-1 receptors are 
present in human thyroid glands, so they 
may have adverse effects on the thyroid 
glands (6) in rodents (7). GLP-1 receptors are G-
protein coupled receptors and exhibit a 93% 
similarity between rats and humans (8,9). 
Calcitonin is secreted by thyroid C-cells and 
considered as a biomarker for C-cell diseases 
and hereditary C-cell hyperplasia (10,11). 
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Numerous studies have shown that 
activation of GLP-1 receptor leads to 
secretion of calcitonin, and this effect is 
diminished by the GLP-1 receptor antagonist 
(12). Calcitonin induces a rapid but temporary 
decrease in blood calcium levels and is 
employed as a diagnostic marker for various 
C cell-derived lesions to confirm C-cell 
hyperplasia. It is also used to distinguish 
Medullary thyroid carcinoma (MTC) from 
other follicular cell-derived carcinomas (13). 
Knudsen et al. Studied the effect of GLP-1 
receptor agonists on rat C-cell lines (11). They 
found that GLP-1 receptor agonists could 
stimulate the release of calcitonin and 
expression of calcitonin gene in rodent C 
cells . GLP-1 receptor agonists, include 
liraglutide and exenatide. 
A minimum dose  of liraglutide (0.075 
mg/kg/day ) is required to increase C-cell 
tumor formation in rats which is equivalent 
to the recommended dose for treating type 2 
diabetes in humans (10,11).Two-year studies on 
mice, found that doses that  raised calcitonin 
levels lead to  C-cell hyperplasia and 
neoplasia (11). As a general, vivo and vitro 
studies found that long-term GLP-1 receptor 
activation lead to increased calcitonin gene 
expression and  C-cell proliferation. 
Thyroid dysfunctions can impact mental 
health, potentially leading to mood 
abnormalities. These dysfunctions may result 
in emotional and cognitive disturbances (15). 
Anxiety and depression are more prevalent 
in cases of hyperthyroidism (16,17) and self-
rating scales have indicated elevated scores 
for depression and anxiety (18). 
Material and Methods   
This experimental study was conducted at 
the animal house and tissue culture unit 
located in the Center of Excellence, Faculty 
of Medicine, Suez Canal University. The study 
involved three distinct groups and the details 
of each group are as follows: 
1. Control Group: This group consisted of 6 
adult male albino rats with an average 
weight ranging from 175 to 187 grams. These 
rats were obtained from The Ophthalmology 
Research Institute in Giza, Egypt. In the 

control group, rats were administered 0.075 
mg/kg/day of normal saline once daily. 
2. GLP - Short Term Group: Another 6 adult 
male albino rats, also with an average weight 
of 175-187 grams and obtained from The 
Ophthalmology Research Institute, were 
part of this group. These rats were subjected 
to a short-term treatment with liraglutide. 
They were administered liraglutide (0.075 
mg/kg/day ) intra peritoneal (i.p.) once daily 
for a total of 11 days.(11,12). 
3. GLP - Long Term Group: Similar to the 
previous two groups, this group comprised 6 
adult male albino rats with an average 
weight in the specified range. They were 
obtained from The Ophthalmology Research 
Institute. The rats in this group received 
liraglutide intra peritoneal (i.p.) (0.075 
mg/kg/day ) once daily, but the dosing 
regimen was extended over a longer period 
of 12 weeks, representing a long-term 
treatment approach.(11,12) 

These three groups of rats were used in the 
study to investigate the effects of liraglutide 
on them under both short-term and long-
term treatment conditions. 
Behavioral assessment: 
I The open-field test for anxiety-like 
behavior evaluation  
An open-field area consisting of 25 squares, 
each measuring 20x20 cm, was employed to 
assess anxiety-like behavior in the study. 
During a 5-minutes, a rat was initially 
positioned in the center . The time spent in 
the nine central squares, which is an 
indicator of lower anxiety levels, and the 
time spent in the peripheral 16 squares, 
which typically signifies higher anxiety, were 
both measured using video recordings.(14) 
II Forced swimming test for depressive-like 
behavioral  
A cylindrical container measuring 50x20 cm 
was used. This container was filled with 
water at 22°C to a height of 30 cm. The 
primary parameter measured in this test was 
the immobility time, which represented the 
time the rat spent passively floating in the 
water. This immobility time served as an 
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index to assess depressive-like behavior in 
the study (19). 
III Biochemical analysis:  
Blood samples were obtained from the retro-
orbital plexus of the rats after administering 
light anesthesia with sodium pentobarbital 
at a dosage of 50 mg/kg via intraperitoneal 
(i.p.) injection, each rat had a 2 mL blood 
sample taken from its retro-orbital plexus for 
biochemical analysis. Immediate 
centrifugation at 2000× g for 15 min was 
performed on the blood samples following 
collection. The serum was chilled to −80 ◦C 
after separation until it was needed for 
various tests.This centrifugation process  
separated the serum, which was 
subsequently used for the estimation of TSH 
(Thyroid-Stimulating Hormone), Free T3 
(Free Triiodothyronine),T4 (Free Thyroxine), 
and calcitonin levels by ELISA using Rat 
calcitonin ELISA kits from  Origene company, 
Cat # SKU  S-1197 and TSH ELISA kits from 
CucaBio company, Catalog No. CSB-E05115r 
FT3 from ABBKine Catalog no(KTE100169)  , 
FT4 from ABBKine , cat no:KTE100170   
IV Histological examination: 
The rats were humanely euthanized through 
cervical dislocation, and their thyroid glands 
were extracted and weighed. The extracted 
thyroid glands were then  fixed in a solution 
of 4% buffered formalin. Subsequently, 4-μm 
sections of these glands were embedded in 
paraffin and prepared for hematoxylin-eosin 
(H&E) staining. 
For image capture and analysis, the following 
equipment and software were used: 

- A calibrated standard digital microscope 
camera, TuopCam® XCAM1080PHA, from 
Hangzhou, Zhejiang, China. This camera has 
a resolution of 10 megapixels, resulting in 
images with dimensions of 3656 x 2740 
pixels. 
- "ToupView" software will be employed for 
capturing images and enhancing their 
quality. 
- All slides stained with H&E will be 
captured at their original magnifications of 
100x and 400x, using objectives of 10x and 
40x, respectively, with the UIS optical 

system (Universal Infinity System) from 
Olympus® in Japan. 
V Detection of calcitonin by 
immunohistochemistry: 

The detection system employed in the study 
is the Polymer HRP system. Here are the 
fixation requirements and interpretation 
results: 
FIXATION REQUIREMENTS: 

A. The volume of formalin fixative used at 
least 10 times the specimen volume. 
B. Strong acid-based decalcification 
solutions should not be utilized. 
C. Specimens need to be immersed in the 
fixative within 1 hour of the biopsy or 
resection procedure. It's important to note 
and record both the time of specimen 
removal and the time of immersion in the 
fixative. 
D. For all resection (large) specimens, the 
tumor must be bisected (cut in half) prior 
to immersion in the fixative. 
INTERPRETATION RESULTS: 
The interpretation results for calcitonin 
staining are as follows: 
- Non Immunoreactive: This indicates that 
the specimen is negative for calcitonin, 
meaning that there is no immunoreactivity 
or presence of calcitonin in the sample. 
- Immunoreactive: This indicates that the 
specimen is positive for calcitonin, meaning 
that there is immunoreactivity and the 
presence of calcitonin in the sample. 

Statistical analysis: 

All quantitative data collected during the 
study were subjected to statistical analysis 
using SPSS statistical software version 20. 
The results were reported in the format of 
(mean ± SD). To compare the means of a 
specific variable across the three groups, the 
study employed a one-way analysis of 
variance (ANOVA). If the ANOVA analysis 
revealed a statistically significant difference 
among the groups, post hoc tests, 
specifically Tukey tests, were subsequently 
employed to conduct a more detailed and in-
depth analysis of the results. This approach 
allowed for the identification of specific 
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group differences following the initial 
ANOVA analysis. 

Ethical consideration: 
The study emphasized the importance of 
ethical considerations in the context of 
experimental animal research. It adhered to 
mandatory ethical guidelines. 
The study protocol was approved by the 
official approval of the Ethics Committee at 
the Faculty of Medicine, Suez Canal 
University in Egypt. The ethical approval for 
the study was granted, and it was assigned 
the unique ethical approval number 4849. 
This approval demonstrates the commitment 
to upholding ethical standards and ensuring 
the welfare and ethical treatment of animals 
used in the research. 
Ethical consideration for the animal 
experiment: 
In this experimental study, the utilization of 
rats was justified based on valid scientific 
objectives, and there were no viable 
alternatives available at the current stage of 
knowledge that could replace their use. The 
experiment held a high probability of 
achieving the specified research goals, which 
were deemed to have a reasonable potential 
for contributing to human welfare. These 
considerations support the ethical basis for 
using rats as experimental subjects in this 
study. 

Results: 
I. The open-field test for anxiety-like 
behavior evaluation 

Anxiety-like behavior was assessed in open-
field area, distinguishing between the central 
and peripheral zones. The results of ANOVA 
showed significant differences among 
groups in both time spent in the central zone 
and grooming frequency ( P < 0.001).  
Specifically, both anxiety-like behaviors were 
notably increased in the GLP -long term 
group. This group spent significantly less 
time in the central areas during the 5-minute 

period in comparison to the control group 
(87.21 ± 6.41 seconds vs. 133.12 ± 11.32 
seconds, P<0.05). Additionally, the GLP -long 
term group exhibited a significantly lower 
grooming frequency (3.02 ± 1.37 seconds vs. 
13.01 ± 2.31 seconds, P<0.05). In contrast, 
reduced both anxiety-like behaviors as 
indicated by increasing center ambulation 
time(133.12 ± 11.32 (control group), 125.22 ± 
11.39 (GLP-short term ) vs 87.21 ± 6.41(GLP-
long term) ,p<0.05 for both) and increased 
grooming frequency( 13.01 ± 2.31 (control 
group), 9.21 ± 3.01 vs 3.02(GLP-short term ) ± 
1.37 (GLP-long term),p<0.05), in the control 
and GLP -short term groups when compared 
to the GLP -long term group  (table 1). 

Table (1): The open-field test for anxiety-like behavior evaluation. center ambulation time 
and grooming frequency 

Groups center ambulation time/s grooming frequency/s 

Control 133.12 ± 11.32 13.01 ± 2.31 

GLP -short term 125.22 ± 11.39 9.21 ± 3.01 

GLP -long term 87.21 ± 6.41ab 3.02 ± 1.37 ab 
Results were expressed as mean ± SD and analyzed using one-way ANOVA followed by Bonferroni’s post-hoc test 
at P<0.05. control, GLP -short term and GLP -long term Superscripts a, b Represents a statistically significant 
decrease when compared to control and GLP -short term respectively. 

 
II. Forced swimming test for depressive-like 
behavioral 
The results of a one-way ANOVA revealed 
significant differences among the study 
groups (P < 0.001). In terms of immobility 
time, it was significantly longer in the GLP -
long term group when compared to the 

control group (14.25 ± 1.09 seconds vs. 2.02 ± 
1.03 seconds). In contrast, both the control 
and GLP -short term groups displayed 
significantly shorter immobility times 
compared to GLP-long term (2.02 ± 1.03 and 
4.21 ± 1.27 respectively vs 14.25 ± 1.09, 
P<0,05) (table 2). 
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Table (2): Forced swimming test for depressive-like behavioral 

Groups Immobility time /s 

Control 2.02 ± 1.03 

GLP -short term 4.21 ± 1.27 

GLP -long term 14.25 ± 1.09 ab 
 
Results were expressed as mean ± SD and analyzed using one-way ANOVA followed by Bonferroni’s post-hoc test 
at P<0.05. control, GLP -short term and GLP -long term, Superscriptsa, b Represents a statistically significant longer 
when compared to control and GLP -short term respectively. 
 

 
III. Biochemical analysis 
 
1. Calcitonin Marker: 
Serum calcitonin level was increased 
significantly in the GLP -long term group (p < 
0.05) when compared to the control and GLP 
-short term group (0.176±0.033 (GLP-long 
term vs 0.024±0.008 (control), 0.024±0.009 
(GLP-short term) p<0.05) 
 (table3, figure 1). 
2. Serum TSH (Thyroid-Stimulating 
Hormone): 
Serum TSH level was decreased significantly 
in the GLP -long term group when compared 
to the control and GLP -short term group 
(0.02±0.008 (GLP long term) vs 0.278±0.15 
(control), 0.25±0.102(GLP-short term), p < 
0.05). These differences are illustrated in 
figure 2 and were confirmed through one-
way ANOVA and post hoc testing. 
 
 
 
3. Serum FT3 (Free Triiodothyronine): 

Serum FT3 was significantly increased in the 
GLP -long term group compared to the 
control and in the GLP -short term group 
compared to the control (3.96±0.578 (GLP 
long term) vs 3.01±0.435 (control), 
3.91±0.365(GLP-short term),p < 0.05). These 
findings are depicted in figure 3 and were 
established through one-way ANOVA and 
post hoc analysis. 
4. Serum FT4 (Free Thyroxine): 
Serum FT4 did not exhibit a significant 
difference in the GLP -long term group when 
compared to the control or in the GLP -short 
term group compared to the control 
(1.96±0.332 (GLP long term) vs 1.78±0.370 
(control), 1.94±0.178 (GLP-short term), p > 
0.05). . This is demonstrated in table 3, figure 
4 and was determined through one-way 
ANOVA and post hoc testing. 
These results provide insight into the impact 
of long-term GLP-1 treatment on the levels of 
calcitonin, TSH, FT3, and FT4 in the study 
subjects 
 

Table (3): Biochemical analysis 

Groups Calcitonin(ng/ml) TSH (mIU/L) FT3(pmol/L) FT4(pmol/L) 

Control 0.024 ±0.008 0.278±0.150 3.018±0.435 1.78±0.370 

GLP -short term 0.024 ±0.009 0.251±0.102 3.91±0.365a 1.94±0.178 

GLP -long term 0.176 ± 0.003 ab 0.021±0.008ab 3.96±0.578a 1.96±0.332 
 

Results were expressed as mean ± SD and analyzed using one-way ANOVA followed by Bonferroni’s post-hoc test 
at P<0.05. control, GLP -short term and GLP -long term, Superscripts a, b Represents a statistical significance when 
compared to control and GLP -short term respectively. 
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Figure 1 

 

Figure 2 

 
Figure 3 

 

Figure 4  

 
Figure 1: Calcitonin level (ng/ml) in all study groups: Results of calcitonin were expressed as mean ± SD and 
analyzed using one-way ANOVA followed by Bonferroni’s post-hoc test at P < 0.05. GLP -long term group show 
increased significantly compared to control and GLP -short term groups, respectively (n = 6). Superscripts *, # 
Represents a statistically significant difference when compared to control and GLP -short term respectively 
Figure 2: TSH level (mIU/L) in all study groups: Results of TSH were expressed as mean ± SD and analyzed using 
one-way ANOVA followed by Bonferroni’s post-hoc test at P < 0.05. GLP -long term group show decreased 
significantly compared to control and GLP -short term groups, respectively (n = 6). 
Superscripts *, # Represents a statistically significant difference when compared to control and GLP -short term 
respectively 
Figure 3: FT3 level (pmol/L) in all study groups: Results of FT3 were expressed as mean ± SD and analyzed using 
one-way ANOVA followed by Bonferroni’s post-hoc test at P < 0.05. Serum FT3 significantly increased in GLP -long 
term group compared to the control and in GLP -short term group compared to the control. 
Figure 4: FT4 level (pmol/L) in all study groups: Results of FT4 were expressed as mean ± SD and analyzed using 
one-way ANOVA followed by Bonferroni’s post-hoc test. Serum FT3 show No significant difference in GLP -long 
term group compared to the control and in GLP -short term group compared to the control. 

 
IV. Histological examination: 
In the GLP -short term group, no significant 
difference was observed when compared to 
the control group. Furthermore, the thyroid 
tissue in the GLP -short term group displayed 
no evidence of neoplastic growth. 
Conversely, in the GLP -long term group, a 
significant difference was detected in 
comparison to the control group. The thyroid 
tissue in the GLP -long term group exhibited 
the presence of follicles containing colloid 
material, along with a nodule of tumor 

encased within a fibrous capsule. This nodule 
was comprised of epithelial cells 
characterized by oval vesicular uniform 
nuclei and eosinophilic cytoplasm. The 
observed nodule is indicative of an adenoma, 
representing abnormal growth in the thyroid 
tissue. 
V. Immunohistochemistry: 
Calcitonin expression in the GLP -short term 
group, there was no significant difference 
compared to the control group. 
Furthermore, the thyroid tissue in the GLP -
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short term group exhibited no specific 
staining for calcitonin, and the epithelial cells 
in both the normal and GLP -short term 
groups were negative for calcitonin. These 
findings indicate a non-immunoreactive, 
negative status for calcitonin in both the 
normal and GLP -short term groups. 
Conversely, in the GLP -long term group, a 
significant difference was observed in 

comparison to the control group. The 
thyroid tissue in the GLP -long term group 
revealed a tumor nodule that exhibited 
positive cytoplasmic staining for calcitonin, 
signifying an immunoreactive, positive status 
for calcitonin. This suggests that the long-
term GLP-1 treatment was associated with 
the presence of calcitonin in the tumor 
nodule within the thyroid tissue. 

 
Figure 5: H&E findings in Thyroid gland tissue 

 

  

Normal thyroid tissue formed of small to moderate sized follicles (red arrow) lined by epithelial cells 
showing regular nuclei (green arrow) and containing colloid material (black arrow).   
 
 
 
 
 
 
 
 

GLP-1 Short term 
100X 400X 

  

Thyroid tissue showing no evidence of neoplastic growth, formed of small to moderate sized follicles (red arrow) 
lined by epithelial cells showing regular nuclei (green arrow) and containing colloid material (black arrow).  
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Long term 
100X 400X 

  

Sections in thyroid tissue show follicles containing colloid material (red arrow) with a nodule of tumor (green 

arrow) surrounded by fibrous capsule (black arrow). Nodule is formed of epithelial cells having oval vesicular 

uniform nuclei with eosinophilic cytoplasm (blue arrow). The nodule represents an adenoma.  

 
Figure 6: Calcitonin expression by (Immunohistochemstry) 

 

Normal 
400X 400X 

  

Thyroid tissue showing no specific staining for calcitonin (colloid background, red arrow) with epithelial cells are 

negative for calcitonin (black arrow). 

 

 

Short term 
400X 400X 

  
Thyroid tissue showing no specific staining for calcitonin (colloid background, red arrow) with epithelial cells are 
negative for calcitonin (black arrow).  
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400X 400X 

  

Sections in thyroid tissue show tumor nodule positive for cytoplasmic staining of calcitonin (green arrow), while 
surrounding thyroid tissue (black arrow) was negative for calcitonin.   

 

Discussion 

Comprehensive information outlines several 
important findings and observations from 
our study, especially the effects of GLP-1 
receptor agonists on the thyroid and related 
consequences. 
 
The study observed that the risk of thyroid 
disorders are increased especially with GLP-1 
receptor agonists administration (20), with 
particular attention to liraglutide and 
dulaglutide, suggesting an elevated risk 
compared to both placebo and other 
antidiabetic medications (21). 
Rodent studies indicated that GLP-1 receptor 
activation may lead to the proliferation of 
thyroid C-cells and the development of 
thyroid C-cell tumors (21). 

The study suggests a potential connection 
between the activation of specific signaling 
pathways by GLP-1 and the development of 
thyroid cancer, particularly papillary thyroid 
carcinoma (PTC) (25). GLP-1 receptors have 
been identified in papillary thyroid carcinoma 
tissues, further underscoring their potential 
role in thyroid-related conditions (23,24). 

In our study, the long-term administration of 
GLP-1 receptor agonists for 12 weeks was 
associated with changes in thyroid tissue, 
including the presence of follicles containing 
colloid material with a nodule of tumor 
surrounded by fibrous capsule representing 

an adenoma which was not observed in the 
short-term group. 
Other studies, two-year studies on mice, 
found that doses that raised calcitonin levels 
lead to C-cell hyperplasia and neoplasia. 
Clinical findings in our study indicated a 
decrease in serum TSH levels in the long-
term GLP-1 group which was in contrast with 
some previous studies associating elevated 
TSH levels with thyroid malignancy (26,27). This 
study also found changes in serum FT3 and 
FT4 levels with an increase in FT3 and no 
significant change in FT4. Other studies have 
shown associations between thyroid 
hormones (T4 and T3) and thyroid cancer like 
Kim et al; found that elevated T3,T4 may be 
correlated with malignancy as well. Cho et al. 
found that free T4 (fT4) is increased in 
patients with thyroid cancer (28). Inversely, 
Jonklaas et al. found that it’s related to total 
T3 (29). 
The studies confirmed the relationship 
between GLP-1 receptor activation and 
calcitonin secretion (12) with calcitonin being 
an important biomarker for C-cell diseases 
like thyroid carcinoma (10,11). 

 
In our study, serum calcitonin levels and 
immunohistochemistry results indicated 
increased calcitonin levels in the long-term 
GLP-1 group, whereas the short-term group 
did not exhibit specific calcitonin staining. 
Many other studies revealed that thyroid 
dysfunctions could affect mental health and 
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can cause abnormalities, anxiety and 
depression (15,16). 
Also, our study linked thyroid dysfunctions 
to mood abnormalities, including anxiety and 
depressive-like behavior, which were 
assessed through behavioral tests and 
showed significant differences in the long-
term GLP-1 group compared to the short 
term GLP-1group and control. 
Overall, the study provides valuable insights 
into the complex relationship between GLP-1 
receptor agonists and thyroid function, and 
their potential impact on mental health and 
mood. It highlights the need for further 
research and clinical attention to these 
relationships and to discover the underlying 
mechanisms. 

Conclusion 

The study highlights the association between 
GLP-1 receptor agonists and thyroid 
disorders. While the findings suggest this 
link. The limited sample size prevented a 
detailed examination of specific thyroid 
disorders. To gain a more comprehensive 

understanding of the relationship between 
GLP-1 receptor agonists and thyroid 
disorders, including thyroid cancer, it is 
essential to conduct large-scale, long-term 
studies (RCTs). These RCTs should focus on 
primary or secondary outcomes related to 
thyroid disorders. Such research would 
provide more definitive and precise insights 
into the potential risks associated with the 
use of GLP-1. 
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