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One of the problems in the treatment of
comorbid conditions is related to the identifi-
cation of factors that could predict the effec-
tiveness of treatment of osteoarthritis on the
background of hypothyroidism. It is currently
known that hypothyroidism (thyroid) leads to
metabolic disorders that adversely affect the
condition of bone and cartilage tissue, causing
the development of osteoarthritis, but the im-
pact of analgesic therapy on the thyroid gland
is insufficiently studied [1-5].

This question arises due to the existence
of conflicting studies on the various effects of
drugs, including non-steroidal anti-inflamma-
tory drugs (NSAIDs) on thyroid hormones in
the serum. It is known that drugs can affect
the hormonal activity of the thyroid gland in
various ways, including through the induction
of cytochromes, direct influence on the synthe-
sis and secretion of hormones or their metabo-
lism, clearance, and uptake by tissues, antago-
nism with transport proteins.

According to Koizumi Y. et al. (2006), mefe-
namic acid displaces triiodothyronine (T3) and
thyroxine (T4) from binding to a transport pro-
tein, making more T4 and T3 hormones avail-
able to peripheral tissues for thyroid stimulat-
ing hormone (TSH) secretion, degradation, and
regulation [6]. Also known is the work of Sau-
vé F. et al. (2003), which states that the admi-
nistration of meloxicam, carprofen, glucosa-
mine and chondroitin sulfate does not affect
the thyroid function of the dog [7].

In a study by Panciera D.L. et al. (2006)
studied the effect of deracoxib and aspirin and
found that aspirin significantly reduced the
mean serum T4 and T3 concentrations, but that
deracoxib did not affect serum thyroid hormone
levels in any way [8].

The aim of the study was to investigate
the effect of NSAIDs and paracetamol on the
functional state of the thyroid gland under con-
ditions of experimental osteoarthritis on the
background of hypothyroidism.
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MATERIALS AND METHODS

The study was performed on 80 white non-
linear rats weighing 200-250 g, which were
kept under standard conditions of the viva-
rium of the Dnipro State Medical University.
Experimental studies have been carried out
in accordance with the «General ethical prin-
ciples of animal experimentation» (Ukraine,
2001), «Bioethical examination of preclinical
and other animal research» (Kyiv, 2006) and
the provisions of the «European convention
for the protection of vertebrate animals used
for experimental and other scientific purpo-
ses» (Strasbourg, 1986). When conducting the
research, the regulation was approved by the
ethics committee of the Dnipro State Medical
University (protocol number 5 — 02.09.2020).

Experimental osteoarthritis (EOA) was
reproduced at the beginning of the study by
administering 0,1 ml of monoiodoacetic acid
solution (Iodoacetic acid reagent > 98.0% T,
No.I14386, manufactured by Sigma-Aldrich
Chemie GmbH, Germany) to the knee joint.
Monoiodoacetic acid solution was prepared at
the rate of 3 mg per 50 puL of sterile saline solu-
tion, and the solution was injected once on the
first day of the experiment [9, 10] and from the
same day began the formation of experimental
hypothyroidism (EH) by enteral administration
of 0,02% solution of carbimazole (drug «Espa-
carb», production of Esparma GmbH, Germany;
in tablets 5 mg or 10 mg), which was prepared
at the rate of 5 mg per 250 ml of saline solution
and given with the animals' diet for 6 weeks.
The freshly prepared solution was administe-
red to the drinking diet of experimental ani-
mals for 6 weeks (42 days) [11].

The 42 days of the experiment reflect the
end of the formation of the model of EH and
the full development of the model of EOA.
Verification of adequate performance of the
EOA model in rats was performed using elec-
tron microscopy of tissue complexes of the knee
joints and changes in the relevant biochemical
markers of blood serum [1, 12—-14].

Verification of adequate performance of the
experimental model of EH was confirmed by
the level of TSH, T3, and T4 serum of labora-
tory animals.

To address the question of the effect of
NSAIDs and paracetamol on the functional

state of the thyroid gland, which was deter-
mined by the level of TSH, T3 and T4 hor-
mones, each of the studied drugs was admini-
stered in two doses. The first group of doses
is those that were used in the previous stages
of the study and corresponded to the average
effective doses in terms of analgesic activity
and were borrowed from the literature and
used repeatedly in preclinical studies. Doses
were selected on the basis of calculation based
on average and maximum human doses using
the coefficient of species sensitivity, and taking
into account literature data [15-17].

The second dose group was determined by
gradually increasing the first dose group to de-
termine changes in the levels of test hormones
in the serum of rats. These doses were also se-
lected on the basis of calculation based on ave-
rage and maximum human doses using the co-
efficient of species sensitivity, and taking into
account the literature [15—17].

Interpretation of the obtained results was
based on the known fact that clinical labora-
tory diagnosis of hypothyroidism is characteri-
zed by an increase in TSH concentration and
a decrease in free T4 content, while the concen-
tration of free T8 remains within normal limits
or sometimes decreases [18].

By random sampling, rats were divided
into experimental groups of 10 animals, which
were administered intragastrically for 5 days
(from 42 days from the beginning of the experi-
ment) with the studied drugs in the following
doses: group - passive control (intact rats —
IR); Group I — EOA + EH «without treat-
ment»; Group II — EOA + EH + diclofenac so-
dium (10; 12 mg/kg); Group III — EOA + EH +
ibuprofen (5; 7 mg/kg); Group IV — EOA +
EH + meloxicam (10; 12 mg/kg); Group V —
EOA + EH + nimesulide (80; 100 mg/kg)
[19, 20]; Group VI — EOA + EH + celecoxib
(50; 60 mg/kg) [21, 22]; Group VII — EOA +
EH + paracetamol (150; 300 mg/kg) [23-26].
Tween-80 solution (Polysorbate 80, Ukraine)
was used to obtain a homogeneous suspension
by intragastric administration of tablet forms
of drugs [16, 17].

The quantitative level of thyroid stimula-
ting hormone (TSH), T3 (triiodothyronine) and
T4 (thyroxine) in serum was performed by spe-
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cific kits which are based on ELISA (enzyme-
linked immunosorbent assay) in vitro twice
(on 42 and 47 days of the experiment) using the
hormone immunoassay system «Elabscience,
Inc.» (USA) according to the method of the
manufacturer, which was described in the tech-
nical documentation. Standard curves for TSH,
T3 and T4 were generated by using reference
hormones concentrations supplied by the manu-
facturer. The sensitivity of this kits for TSH is
0,75 ng/ml, for T3 and T4 — 0,94 pg/ml. The de-
tection range of kit for TSH is 1,25 — 80 ng/ml.
The detection ranges of kits for T3 and T4 were
1,56 — 100 pg/ml.

For the reference level of TSH, T3 and
T4 adopted the values obtained in intact rats
(n=10) (Tab. 1, 2). The blood samples were ob-
tained from the tail vein of the rats by means

of puncture using a vacuum system on 42 and
47 days of the experiment [16, 17].

The duration of administration of the drugs
was 5 days and by the 47th day of the experi-
ment all animals after the collection of biologi-
cal material were removed from the study by
decapitation under general anesthesia [16, 17].

Statistical differences were performed using
the STATISTICA 6.1 software package (Stat
SoftInc., Serial number AGAR909E415822FA)
and included calculations of arithmetic mean
values (M) and their errors (=m). The probabi-
lity of difference of arithmetic mean (p) values
was determined using nonparametric — Mann—
Whitney U-test. Probabilities of intragroup and
between groups differences were determined
using Student's parametric t-test and ANOVA.
The differences were considered statistically

Table 1

The level of T3, T4 and TSH of serum in rats on the background
of intragastric administration of therapeutic doses of drugs
under conditions of comorbid pathology

Initial state (IS) The41e\;le1 of tl(llyrmdfhorrélones
42 day) at 47 day (5 days after drug
Group, drug ( o administration)
and dose
TSH, T3, T4, TSH, T3, T4,
ng/ml pg/ml pg/ml ng/ml pg/ml pg/ml
Intact rats (IR) (n=10) | 12,34 + 3,77 | 28,1 + 3,54 | 23,4+ 2,97 | 11,7+ 3,56 | 26,7+ 3,67 | 23,7+ 3,73
Group I — EOA + EH 64.8% +
«without treatment» 1?’) 59 27,1+3,29 | 8,7+ 3,35 |65,2%+ 3,61 | 27,7+ 3,35 | 8,6% + 2,88
(n =10) ’
Group IT — EOA +
EH + diclofenac 65,14 +
sodium (D) 12.59 28,2+3,83 | 8,1+2,79 | 653+3,80 | 276+2,88 | 8,4+241
10 mg/kg (n = 10)
Group IIT — EOA +
EH + ibuprofen (I) 66,0+3,81 | 27,3+3,80 | 7,4+2,30 | 65,0+3,564 | 26,56+3,61 | 7,7+2,39
5 mg/kg (n = 10)
Group IV — EOA +
EH + meloxicam (Mel) | 64,2 + 3,27 | 26,4+ 3,97 | 84+270 | 64,56+3,43 | 284+3,36 | 9,1+3,25
10 mg/kg (n = 10)
Group V— EOA +
EH + nimesulide (N) | 64,7+ 3,35 | 30,0+3,16 | 9,1+3,44 | 64,5+3,20 | 28,6 +3,36 | 7,8+ 2,68
80 mg/kg (n = 10)
Group VI — EOA +
EH + celecoxib (C) 64,1+3,32 | 26,9+3,85 | 7,2+2,59 | 65,2+3,49 | 29,4+ 3,05 | 8,3+ 3,49
50 mg/kg (n = 10)
Group VII — EOA +
EH + paracetamol (P) | 65,3+3,38 | 26,6 £3,91 | 7,8+2,39 | 66,1 +3,78 | 26,1 +3,51 | 8,5+ 3,54
150 mg/kg (n = 10)

Note:

*

p < 0.05 in relation to the indicators in the groups.
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Table 2

The level of T3, T4 and TSH of serum in rats
on the background of intragastric administration of higher therapeutic doses
of drugs under conditions of comorbid pathology

Initial state (IS) Theéil’(;\:;:l of5tléyr01dfhorr‘;10nes
42 day) at ay (5 days after drug
Group, drug ( administration)
and dose
TSH, T3, T4, TSH, T3, T4,
ng/ml pg/ml pg/ml ng/ml pg/ml pg/ml
Inta(‘;t iafg)(IR) 12,34 £3,77| 28,1+3,54 | 23,4£2,97 | 11,7+3,56 | 26,7+3,67 | 23,7+3,73
Group I — EOA + EH 64,854
«without treatment» ‘ 271+3,29 | 8,77+ 3,35 | 65,2+3,61 | 27,7+ 3,35 | 8,6+ 2,88
_ 13,59
(n=10)
Group IT — EOA +
EH + diclofenac 65,14°+ .
sodium (D) 12,59 28,2+3,83 | 8,1"£2,79 | 56,1 £3,25 | 30,9+3,68 | 9,3+2,77
12 mg/kg (n = 10)
Group IIT — EOA + A4 THE &
EH + ibuprofen (I) 66,07+ 3,81 | 27,3+ 3,80 | 7,4°+2,30 ’ 30,6 + 3,85 | 9,1#* + 3,40
— 3,56
7 mg/kg (n = 10)
Group IV — EOA + . -
EH + meloxicam (Mel) | 64,24 3.27 | 26,4397 | 84sx270 | 9T+ | 951195 | 107#+
— 3,53 3,15
12 mg/kg (n = 10)
Group V— EOA + % .
EH + nimesulide (N) | 64,7+ 3.35 | 30,0+ 3.16 | 9.1°+ 3.44 46é3fg = | 34.4+365 1lé5§5 *
100 mg/kg (n = 10) ’ ’
Group VI — EOA +
EH + celecoxib (C) 64,1°+ 3,32 | 26,9+ 3,85 | 7,2°+£2,59 | 55,7+ 3,23 | 29,4+3,85 | 8,2+2,86
60 mg/kg (n = 10)
Group VII — EOA +
EH + paracetamol (P) | 65,3°+ 3,38 | 26,6 + 3,91 | 7,8°+2,39 | 66,4+ 3,51 | 27,1 +3,71 | 8,1+3,21
300 mg/kg (n = 10)

Note:

# p < 0,05 in relation to the corresponding indicator in the initial state (IS) (42 days),

*

«without treatment»),

p < 0,05 in comparison with the indicators of the active control group (Group I EOA + EH —

o p <0,05in comparison with the indicators of the group of IS passive control (intact rats — IR).

significant at p < 0.05. Before applying the
parametric criteria, the hypothesis of a normal

law of distribution of random variables was
tested [27].

RESULTS AND THEIR DISCUSSION

The choice of a wide range of doses is due
to the fact that in the available literature we
found data on the effect of some NSAIDs on
the functional state of the thyroid gland at high
therapeutic doses, but the studies were isolated
[6—8]. The results are presented in Table 1 and
Table 2.

As can be seen from Table 1, on the 47th
day of the experiment in all groups of experi-
mental animals formed thyroid insufficiency.

Thus, on 42 days in Group I (rats with EOA +
EH «without treatment») there was a decrease
in T4 by 2,69 times (p < 0,05) and an increase
in TSH by 5,25 times (p < 0,05), compared with
intact rats by 42 days (completion of the for-
mation of experimental models). This condition
persists without significant differences on the
47th day of the experiment, which indicates the
adequacy of the performed model of experimen-
tal hypothyroidism.

96

IIpobremu endoxpurnoi namosoeii Ne 1, 2022



Erxcnepumenmastvri 0ocaiodiceH s

After 5 days of administration of diclofenac
sodium (10 mg/kg), paracetamol (150 mg/kg),
nimesulide (80 mg/kg) and celecoxib (50 mg/
kg) on 47 day of the experiment, no significant
differences were observed in the effect on thy-
roid hormone levels in rat serum compared to
with animals of Group I (EOA + EH "without
treatment"). As the data of Table 1, the dyna-
mics of hormone levels had only a tendency to
decrease, which did not reach statistically sig-
nificant values (p > 0,05).

Higher therapeutic doses of drugs under
the conditions of simulation of EOA and hypo-
thyroidism are presented in Table 2.

As can be seen from Table 2, the adminis-
tration of the studied drugs was accompanied
by a multidirectional effect on the content of
hormones T3, T4, and TSH in rats with comor-
bid pathology.

In particular, diclofenac sodium (12 mg/kg),
celecoxib (60 mg/kg), and paracetamol (300 mg/
kg) when administered intragastrically did not
cause significant changes in thyroid hormones
(T3 and T4) and TSH in the serum of rats with
comorbid pathology. In contrast, drugs such as
ibuprofen (7 mg/kg) (Group III), meloxicam (12

mg/kg) (Group IV) and nimesulide (100 mg/
kg) (Group VI) were likely to reduce serum
TSH levels in rats with EOA + EH in 1,47; 1,3
and 1,4 times respectively. Against their back-
ground, at the same time, there was a signifi-
cant increase in T4 levels by 1,23; 1,27, and
1,26 times respectively.

Thus, the results showed that the serum
levels of thyroid hormones T3, T4, and TSH in
rats depend on the dose of the drug under study
and the drug itself.

Thus, when prescribing medium therapeu-
tic doses of drugs studied in the simulation of
osteoarthritis and hypothyroidism, no signifi-
cant differences in the effect on hormone levels
in the serum of rats were observed (p > 0,05).

Increasing the doses of the studied drugs
within the therapeutic range revealed a multi-
directional effect on the levels of TSH, T3, and
T4 in the serum of rats. Drugs were conditio-
nally divided into 2 groups: those that adverse-
ly affected the level of thyroid hormones and
TSH (ibuprofen, meloxicam, nimesulide) and
those that did not significantly affect the al-
tered hormonal background in comorbid pathol-
ogy (diclofenac sodium, celecoxib, paracetamol).

CONCLUSIONS

1. Analgesics have a variety of effects on thy-
roid function in comorbid conditions (experi-
mental osteoarthritis and hypothyroidism),
which depends on both the drug itself and its
dose.

2. Identified drugs that can dose-negatively
affect the concentration of hormones. Thus,
ibuprofen (7 mg/kg), meloxicam (12 mg/kg)
and nimesulide (100 mg/kg) decreased TSH

levels and increased serum T4 levels, which
exacerbated hypothyroidism.

3.In the pharmacotherapy of osteoarthritis
on the background of hypothyroidism, it is
necessary to take into account the effect of
analgesics on the hormones TSH, T3, and
T4, which should be borne in mind when cor-
recting the functional activity of the thyroid
gland.
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The question of the effect of NSAIDs on the functional state of the thyroid gland arises due to the existence
of conflicting studies on the various effects of drugs, in particular NSAIDs on thyroid hormones in the serum.
It is known that drugs can affect the hormonal activity of the thyroid gland in various ways, in particular
through the induction of cytochromes, direct influence on the synthesis and secretion of hormones or their me-
tabolism, clearance and uptake by tissues, antagonism with transport proteins. The aim of the study was to
investigate the effects of NSAIDs and paracetamol on the functional state of the thyroid gland in osteoarthritis
with hypothyroidism.

The study was performed on 80 nonlinear white rats with reconstituted osteoarthritis and hypothyroidism.
To address the question posed about the effect of NSAIDs and paracetamol on the functional state of the thyroid
gland, which was determined by the level of hormones TSH, T3 and T4, each of the studied drugs was admini-
stered in two doses. Doses were chosen based on calculations based on average and maximum human doses,
using a species sensitivity factor, and taking into account data from the literature. Interpretation of the results
obtained was based on the known fact that clinical laboratory diagnosis of hypothyroidism is characterized by
increased concentration of T'SH and decreased content of free T4, while the concentration of free T3 remains
within the normal range or sometimes decreases.

The conducted study revealed that analgesic drugs exhibit a variety of effects on thyroid function in condi-
tions of comorbid pathology, which depends on both the drug itself and its dose.

The authors have identified drugs that can adversely affect hormone concentration in a dose-dependent
manner. Thus, ibuprofen (7 mg/kg), meloxicam (12 mg/kg) and nimesulide (100 mg/kg) reduced the TSH level
and increased the serum T4 level in rats, which aggravated hypothyroidism. It was proved that pharmacothera-
py of osteoarthritis against the background of hypothyroidism should take into account the effect of analgesics
on the hormones of TSH, T3 and T4, which should be kept in mind while correcting the functional activity of the
thyroid gland.

Keywords: osteoarthritis, hypothyroidism, non-steroidal anti-inflammatory drugs, pharmacotherapy,
thyroid stimulating hormone, triiodothyronine, thyroxine.
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BMJINB HECTEPOIAHUX NPOTU3AMAJIbHUX SACOEIB
TA NAPALLETAMONY HA ®YHKLIOHANIBHUM CTAH WWUTOMNOAIEHOT 3ANTO3U
NPN OCTEOAPTPOS3I HA TJ1I TIMOTUPEO3Y

Hocigens [I. C.!, Onpumko B. 1.2, llesuenxo T. M.!

! Jlninposckuli Hayionanvrull yuieepcumem im. Oneca I'onuapa,
M. Jlninpo, YVipaina
? JIninposcokuti depacasruti meduuruil ynigepcumem, m. J[ninpo, YVkpaina
dsnosivets@ukr.net

[Iuramusa BmimBy HecrepoimHux mporusanaiabHux 3acobis (HII33) ma dyHKIloHANBHHUE cTAH IIATO-
O 11I0HOI 3aJI03U TIOCTAE BHACIIOK ICHYBAHHS CYIIEPEeUYJIUBUX JIOCJIKEHb PO PI3HUMN BILJIUB JIKAPCHKUX
3aco0iB, sokpema HII33 Ha ropmonu muTomoqi6HO0I 321031 y CHPOBATIll KPpoBi. Bimomo, 1o srikapchki 3acobu
MOJKYTbH BILNIMBATHA HA FOPMOHAJBHY AKTHUBHICTH IIATOIOAIOHOI 3aJ1031 PI3HUMH NIJIAXAMHU, 30KpPEeMa dyepes
IHIYKI[II0 IIUTOXPOMIB, Oe3ImocepeIHI1i BIJINB Ha CUHTE3 Ta BUI1JIEHHSI TOPMOHIB a60 X MeTaboJIi3M, KJIipeHe
Ta MOTVIMHAHHS TKAHUHAMY, AHTATOH13M 3 TpaHCcHopTHUMU Oliakamu. Mera podoTu mossiraia B TOCIIKe-
i nurauusa suauey HII33 Ta mapameramosy Ha QyHKIIOHAJIBHUN CTAH IIUTOMOAIOHOT 3aJI03U IIPU OCTEO-
apTpo3i Ha TJIi TIIIOTHPEO03Yy.

Jocnimxenus nposeneHHl Ha 80 01/IMX HEJIHIMHUX IIypaxX, AKUM BIATBOPEHUN 0CTE0APTPO3 TA TIIOTH-
peos. Jlusa Bupimenssa BctaHoBIeHOro 3anuTanusa npo Buyiaue HII33 ra mapameramoiny Ha pyHKIIOHATIBHI K
CTaH IUTONOII0HOT 321031, AKWN BU3HAYa I 3a piBHaMHU TupeorporHoro ropmouy (TTT), tpuitonTuponiny
(T3), ra Tuporcuny (T4), KoHUNA 3 TOCIIAKYBAHUX IIpelapaTiB BBOOUIN B OBOX Ho3ax. Jlosu Oyiau Bubpami
HA OCHOBI PO3PAXyHKY BUXO/SIYH 3 CEPETHIX TA MAKCUMAJBHUX J103 JIIOJAUHH 13 BUKOPUCTAHHAM K0eIIlieHTy
BUJIOBOI UyTJIMBOCTI, Ta 3 ypaxyBaHHAM JaHUX JiTepaTypu. |HTeprperaliis oTpUMaHUX Pe3yabTaTiB 3a-
CHOByBaJiach Ha BijoMomy akKTi, 10 KJIIHIYHA J1abopaTopHa MIarHOCTUKA TIiIIOTUPE03y XapaKTePU3yEThCS
nigsumtenasM KouieHTpaIii TTI ta sauxenasam BmicTy BlabHOTO T4, B TOM caMuit yac KOJIH KOHIIEHTPAIT1sS
BlabHOrO T3 3asminaerbesa B Meskax HOPpMU a00 1HO1 3HUKYETHC.

[IpoBeneHne mociaisxeHHs JO3BOJIUJIIO BCTAHOBUTH, 110 3HEOOJII0I0Y] IIperapaTu IIPosIBIAI0Th PI3HOMAHIT-
HUH BIJIUB Ha (PYHKILIIO IUTOIOII0HOI 3271031 B yMOBaX KOMOPO1/THOI TATOJIOTI, 10 3aJIEKUTH SK BiJ caMOro
mperapary, Tak 1 ioro J03u.

ABTOpamMu BU3HAYEHI IIpelapaTy, sKi 3IaTHI J0303aJIesKHO HeTaTUBHO BIJIMBATH HA KOHIIEHTPAIILIO I'Op-
moHiB. Tak, i6ympoden (7 Mr/kr), mesokcukam (12 mr/kr) Ta mimecyin (100 mr/kr) suusxyBanau piseras 1T Ta
OIJBUILYBAJU piBeHb T4 y cCHpOoBAaTIl KPOBI IYPIB , IO IIOCUJIIOBAJIO CTAH T'IIOTHPEO03Y.

JloBemeno, mo mpu papmakoTepalrii ocTeoapTPo3y Ha TJIl TIIIOTHPEe03y HeoOX1JHO BpaxXxOBYBATH BILJIUB
aganrerukis Ha ropmonu TTT, T3 ta T4, mo Tpeba MmaTu Ha yBa3i IpHU KOPEKIii PyHKIIIOHAIBHOI AKTUBHOCTI
IIUTONON10HOI 3aJI031.

Knmouosl cimoBa: ocreoapTpos, rimoTHPEO3, HECTEPOIMHI IIPOTH3alalIbHI 3aco0u, (papMaroTeparis,
TUPEOTPOITHUN FOPMOH, TPUHOATUPOHIH, TUPOKCHH.
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