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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Thyroxine, a key regulator of metabolic pathways, plays 

a pivotal role in glucose metabolism and the maintenance 
of glucose homeostasis. In clinical practice, L-thyroxine 
replacement therapy is commonly prescribed for patients with 
hypothyroidism. However, the specific effects of L-thyroxine 
and thyroidectomy (TX) on glucose levels remain an area of 
interest and investigation. In this study, 20 rats were divided into 
two groups (n=10 per group). The TX group (male and female 
rats) underwent thyroidectomy for 4 weeks. After 4 weeks, 
male and female thyroidectomized rats received L-thyroxine 
(10 μg/100 g/day, intraperitoneally) for 4 weeks. The rats' 
weights were monitored weekly post-surgery. Compared to the 
initial level, thyroidectomy resulted in weight loss, whereas 
L-thyroxine replacement therapy normalized the weight loss 
induced by thyroidectomy. Additionally, thyroidectomy led to 
impaired glucose levels, which were restored to normal levels 
with L-thyroxine treatment. These findings underscore the 
impact of thyroid function on glucose metabolism and highlight 
the potential therapeutic role of L-thyroxine.

Key words. L-Thyroxine, thyroidectomy, glucose levels.
Introduction.

Thyroid dysfunction is one of the most common health problems 
worldwide. Thyroidectomy in rats is a surgical procedure 
involving the removal of the thyroid gland, commonly utilized 
in preclinical and research settings concerning the endocrine 
system. This procedure induces hypothyroidism, characterized 
by a deficiency in thyroid hormones [1]. Studies have indicated 
the technical challenges associated with total thyroidectomy 
in rats due to the intricate microsurgical technique required; 
however, refinements have improved surgical success rates [2]. 
Thyroidectomized rats serve as valuable models and have been 
extensively employed to elucidate the role of thyroid hormones in 
metabolism. The resultant hypothyroidism post-thyroidectomy 
is associated with symptoms such as bradycardia, hypotension, 
reduced respiratory rate, decreased oxygen consumption, and 
an increased risk of metabolic and neuropsychiatric disorders 
[3]. Studies have shown that thyroidectomy can influence 
glucose metabolism pathways in lactating rats, impacting blood 
glucose levels [4]. Thyroidectomy and subsequent thyroxine 
replacement have been associated with impaired oral glucose 
tolerance in rats, highlighting the significant relationship 
between thyroid function and glucose regulation [5]. Patients 
with thyroidectomy were more susceptible to developing 
type 2 diabetes mellitus [6]. Thyroid hormones play a critical 
role in maintaining the proliferative and secretory abilities of 
pancreatic β cells, making maternal thyroid hormone levels 
crucial for offspring β cell development. Nuclear thyroid 

hormone receptors (TRs), particularly TRα and TRβ, act as 
transcription factors and are abundantly expressed in pancreatic 
islets [7]. Thyroid hormones regulate glucose metabolism in the 
liver, adipose tissue, skeletal muscle, and pancreas [8,9], with 
numerous studies exploring their impact on glucose homeostasis 
[10]. Additionally, research has identified sex differences in rats' 
resistance to thyroid hormone post-thyroidectomy [11].
Materials and Methods.
Experimental Materials:

All chemicals used in this study were purchased from Sigma-
Aldrich (St. Louis, MO, USA).
Animals:

In the current study adult male and female rats were used 
(220–240 g). Rats were kept in polycarbonate cages, 3 rats/
cage, in a thermostatically controlled room (temperature: 24°C, 
relative humidity: 45%) on a 12 h-light/12 h-dark schedule with 
free access to food and water. The research was supported by 
the Higher Education and Science Committee of MESCS RA 
(Research project №22YR-1F003). All animal procedures were 
in accordance with the National Institutes of Health Guide for the 
Care and Use of Laboratory Animals. The animal experiments 
were in accordance with the guidelines of laboratory animal 
care and were approved by the Animal Experimentation Ethics 
Committee of the Yerevan State Medical University after 
Mkhitar Heratsi (IRB Approval N4, November 15, 2018). ALL 
methods are reported in accordance with ARRIVE guidelines.
Study design:

1. Thyroidectomy: 10 male and 10 female rats underwent 
thyroidectomy surgery. 

2. Thyroidectomy + L-Thyroxine: After 4 weeks post-
thyroidectomy, both male and female rats received daily 
intraperitoneal injections of L-thyroxine at a dose of 10 μg/100 
g/day.
Thyroidectomy:

Before thyroidectomy surgery (TX), male and female rats were 
anesthetized with pentobarbital (35 mg/kg, intraperitoneally). 
The thyroid glands were then excised from the tracheal tube. 
A neck necklace incision was made, entering through the 
middle of the submandibular gland and sternohyoid muscle, to 
access the skin and subcutaneous tissue. The bilateral thyroid 
lobes were removed over the trachea, and total thyroidectomy 
was performed using a scalpel. The incision was closed with 
sutures, and Penicillin (bicillin) powder was applied to the 
wound [12,13]. Subsequently, the rats were allowed to recover 
and were returned to a standard diet with access to tap water. 
Both male and female rats underwent thyroidectomy to 
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induce hypothyroidism (4 weeks), after which they received 
L-thyroxine (TX+L-thyroxine, 10 μg/100 g/day, i.p., one week 
after surgery) for 4 weeks. The dosage of L-thyroxine and the 
administration route used in this study were determined based 
on previous research [14].
Statistical analysis:

We performed statistical analysis using GraphPad Prism 8 
software (San Diego, CA, USA). To compare the significance 
of differences in body weight and blood glucose levels among 
the groups, we utilized a two-way ANOVA followed by Tukey's 
multiple comparisons test. The results of the experiments are 
displayed as the means ± SEM.
Results and Discussion.
Body weight:

We observed an obvious decrease in body weight in male 
and female TX rats after 4 weeks following thyroidectomy. 
Following treatment with L-thyroxine (4 weeks), the decreased 
body weight of TX rats was mitigated. Specifically, the body 
weights of male TX rats decreased from 242 ± 9.24 g to 200 ± 
6.8 g, while the body weights of male TX+ L-thyroxine rats were 
maintained at 220 ± 7.42 g. For female rats, the body weights 
of TX rats decreased from 230 ± 8.4 g to 190 ± 4.24 g, while 
the body weights of TX+ L-thyroxine rats were maintained at 
210 ± 5.4 g. Thus, both male and female thyroidectomized rats 
showed a significant reduction in body weight after 4 weeks, 
which was reversed by L-thyroxine treatment, maintaining body 
weights close to baseline levels (P < 0.05).
Determination of blood glucose:

Fasting blood glucose levels were checked using a glucometer 
(Contour Plus) for each rat before (week 1), after thyroidectomy 
(week 4), and after treatment (week 8). The bibliographic 
literature presents varying blood glucose values in rats, with 
sources suggesting ranges of 50-125 mg/dL and 85-132 mg/dL. 
These variations emphasize the need to consider factors such 
as fasting duration, species, and experimental conditions when 
interpreting rat blood glucose values [15].
Gender Differences in Response to L-thyroxine Treatment:

In our study, we found that in male rats, blood glucose levels 
increased significantly from an initial level (day 1) of 3.8 ± 0.3 
mmol/L to 5.4 ± 0.54 mmol/L in the thyroidectomized (TX) 
group at 4 weeks (P = 0.0004). Similarly, in female rats, blood 
glucose levels decreased significantly from an initial level of 
3.7 ± 0.29 mmol/L to 2.4 ± 0.24 mmol/L in the TX group at 4 
weeks (P = 0.0001).

Comparing the effects of thyroidectomy and L-thyroxine 
treatment, significant differences were observed in blood glucose 
levels between the TX and L-thyroxine treatment for both 
genders. In males, the 4-week L-thyroxine treatment showed a 
decreased blood glucose level of 3.48 ± 0.22 mmol/L compared 
to 5.4 ± 0.25 mmol/L in the TX group at 4 weeks, indicating a 
difference that was statistically significant (p < 0.001). However, 
in females, 4 weeks of L-thyroxine treatment markedly increased 
blood glucose levels to 4.52 ± 0.4 mmol/L compared to the TX 
group's 4-week level of 2.4 ± 0.2 mmol/L, highlighting the 
greater effectiveness of L-thyroxine treatment in reducing blood 

glucose levels in male rats post-thyroidectomy (p < 0.001) 
(Figure 2). Hyperthyroidism is one of several reversible causes of 
hyperglycemia and is recognized to be associated with increased 
gluconeogenesis, increased rates of glucose absorption, and a 
decreased insulin half-life [16,17]. The development of insulin 
resistance in hypothyroidism is also associated with a decreased 
rate of blood flow in peripheral tissues [18]. Subclinical thyroid 
dysfunction is associated with changes in glucose homeostasis 
[19]. It has been shown that glucose production is decreased 
in hypothyroidism [20]. It is well known that hyperthyroidism 
causes extensive weight loss despite normal or increased calorie 
intake [21]. In hyperthyroid humans as well as in experimental 
thyrotoxicosis in animals, glucose turnover and hepatic glucose 
production are increased due to increased metabolic rate and 
peripheral glucose utilization [22]. Thyroid hormones regulate 
metabolic activities such as growth rate [23], and weight gain is 
a symptom of hypothyroidism. Individuals with hypothyroidism 
may experience weight gain because of a decreased metabolic 
rate. Yatvin et al. [24] reported that thyroidectomy may reduce 
food intake and lead to decreased body weight in rats. Thyroid 
hormones are important determinants of glucose metabolism 
[25]. Whether subtle changes in FT4 levels within the euthyroid 
range alter glucose homeostasis has not yet been fully elucidated. 
Previously, Roos et al. have demonstrated that fasting glucose 
and insulin levels were significantly related to lower FT4 
levels in the analysis of 2,703 euthyroid subjects [26]. Thyroid 
hormones regulate several key molecules in gluconeogenesis, 
such as phosphoenolpyruvate carboxykinase and glucose-6-
phosphatase. Alanine transport and its conversion to glucose in 
the liver were observed to be increased by thyroid hormones 
[27]. As physiological levels of thyroid hormone have been 
observed to exert protective effects on pancreatic islets [28], 

Figure 1. Effect of thyroidectomy (TX) on glucose levels. Values are 
expressed as mean ± SE from 10 rats, P<0.05.

Figure 2. Effect of L-thyroxine on glucose levels. Values are expressed 
as mean ± SE from 10 rats, P<0.05.
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thyroid hormones may have favorable roles in terms of lowering 
glucose levels. The contribution of thyroidal status to insulin 
signalling and glucose homeostasis has been implicated as a 
potential pathophysiological factor in humans, but the specific 
mechanisms remain largely elusive. Fasting induces changes 
in both thyroid hormone secretion and insulin signalling [29]. 
Regarding gender-specific responses to L-thyroxine treatment, 
the studies do not provide specific information on how males 
and females respond differently to this treatment in the context 
of post-thyroidectomy hypothyroidism. However, one study 
suggests that female patients with differentiated thyroid cancer 
had a higher risk of developing hyperlipidemia than male 
patients, and these risks increased when TSH increased [30]. 
It was shown that male rats that underwent thyroidectomy 
exhibited a lower removal rate of plasma glucose compared to 
normal rats, while female rats that underwent thyroidectomy 
showed an increased removal rate of plasma glucose compared 
to normal rats. This suggests that thyroidectomy has opposite 
effects on blood glucose levels in male and female rats [31].
Conclusion.

In conclusion, our study demonstrates that thyroidectomy 
elicits divergent effects on blood glucose levels in male and 
female rats, with males exhibiting an increase and females 
showing a decrease. Furthermore, L-thyroxine treatment post-
thyroidectomy revealed gender-specific responses, being more 
effective in reducing blood glucose levels in males but less 
effective and even causing an increase in females. Despite these 
gender-specific effects on glucose metabolism, L-thyroxine 
treatment effectively reversed the decreased body weight 
observed in thyroidectomized rats, maintaining body weights 
close to baseline levels. These results underscore the importance 
of considering gender-specific responses in thyroid-related 
interventions and highlight potential complexities in managing 
glucose metabolism, particularly in the context of L-thyroxine 
therapy.
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