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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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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 pg/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 B cells, making maternal thyroid hormone levels
crucial for offspring B cell development. Nuclear thyroid
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hormone receptors (TRs), particularly TRa and TRp, 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
(220240 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 Ne22YR-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 pg/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 pg/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
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Groups
H Day 1 (male)
M TX-male week 4

B Day 1 (female)
M TX-female week 4

Glucose level (mmol/1.)

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

Groups

H TX-male week 4

| TX+L-thyroxine week 8 (male)
Bl TX-female week 4

[l TX+L-thyroxine week 8 (female)

Glucose level (mmol/L)

Figure 2. Effect of L-thyroxine on glucose levels. Values are expressed
as mean + SE from 10 rats, P<0.05.

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],



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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