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Abstract. Biopharmaceutical analysis of the interaction of L-thyroxin, diclofenac sodium and chondroitin
sulphate, as components of pharmacotherapy of osteoarthritis manifestations resulted from hypothyroidism.
Nosivets D.S. The article deals with the issue of the biopharmaceutical interaction of L-thyroxin, diclofenac sodium
and chondroitin sulfate, as components of pharmacotherapy of osteoarthritis manifestations with concomitant hypo-
thyroidism. It is known that functional insufficiency of the thyroid gland has a negative effect on all types of metabolism
and in particular on the condition of the bone and cartilage tissue, leading to the development of osteoarthritis. Existing
pharmacotherapeutic approaches to the medical treatment of this pathology require the use of basic hormone rep-
lacement therapy, for the correction of thyroid insufficiency, and NSAIDs as drugs for the symptomatic treatment of
osteoarthritis. However, to date, questions of the biopharmaceutical interaction of L-thyroxin and diclofenac sodium
are not covered, and the prevention of osteoarthritis against the background of hypothyroidism with the help of chon-
droitin sulfate and its interaction with the components of pharmacotherapy has not been sufficiently studied. Based on
the conducted research, it was established that, proceeding from the theoretical analysis of the physicochemical and
chemical properties of these drugs, predominantly reversible acid-base interactions are assumed. The probability of
strong and irreversible physicochemical reactions is very low and the physical mixtures of these drugs are not subject
to negative interactions, which can lead to profound destructive changes on the part of the dosage forms. Since L-
thyroxin, diclofenac sodium and chondroitin sulfate are absorbed mainly by simple diffusion, have different transport
mechanisms through biological membranes, have different degrees of binding to plasma proteins and various enzyme
systems involved in their metabolism and excretion, pharmacokinetic interactions between them are excluded. At the
level of pharmacological interaction, the combined and unidirectional effects of the combination of active substances L-
thyroxin, diclofenac sodium and chondroitin sulfate are expected, in particular, in degenerative-dystrophic disorders
due to functional insufficiency of the thyroid gland, to restore the structure of cartilage and for a complex etiotropic
and symptomatic treatment of osteoarthritis and related states.

Pedepar. buodapmaneBruueckuii aHanu3 B3aumojeilcTBusa |-TUpokcuHa, auKJIopeHAKAa HATpPUS H
XOHJIPOUTHHA cyJbdaTa KaKk KOMIOHEHTOB (apmakoTepanuu TPOSIBJIEHUN 0cCTeoapTpo3a B pe3yJibTaTe
runotupeo3a. Hocusen A.C. B cmamve paccmompen sonpoc duogapmayesmuueckozo ezaumooeticmeusi L-mupox-
CUHA, OuKIoheHaKa Hampus U XOHOPOUMUHA CYIb@Ama KAK KOMNOHEHMO8 (apmakomepanuu nposeieHull ocmeo-
apmpo3a npu conymcmsylowem cunomupeose. M3zeecmno, umo (QyHKyuonanvhas HeOOCMmamoyHOCmMb WUMOBUOHOU
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Jicene3bl He2amuUGHO CKA3bIBACMCS HA 6CeX 8UAAX 0OMEHa 8eWecms U 8 YACMHOCMU HA COCMOSIHUU KOCMHO-XPSIUe8ou
MKAHY, npueods K pazeumuio ocmeoapmposa. Cywecmsylowue Gapmaxomepanesmuieckue nooxoovl Meou-
KaAMEHMO3HO020 JleYeHUs: OAHHOU KOMOPOUOHOU namonocuu mpebyom HAa3HayeHus 6a3080U 3aMeCMUmenbHol 20pMo-
HanvbHoOU mepanuu, Ois KOPpeKyuu HeOOCMAamouyHOCYU WUMOBUOHOU Jicelle3bl, U HeCMePOUOHbIX NPOMUBOEOC-
nanumenvholx cpeocme (HIIBC), xax npenapamog cumnmomamuyeckozo aeyenusi ocmeoapmposa. Ooumako Ha
Ce2OOHAWHUTI OeHb He 0C8eujeHbl BONPOChl buopapmayesmuyeckoeo gzaumooeticmsus L-mupoxcuna u ouknopenara
Hampus, a makdice HeOOCMAMOYHO U3YYeHA NPOPUIAKIMUKA OCMeoapmpo3d HA Qoue unomupeosa npu NOMOWU
XOHOpoumuHa cyrepama u e2o g3aumoodeticmsue ¢ KomMnonenmamu gpapmaxomepanuu. Ha ocnosanuu npogedennozo
UCCIe008aHUsL YCMAHOBLEHO, YMO, UCX00S U3 MEeOPEeMUYECcKO20 AHANU3A PUIUKO-XUMUYECKUX U XUMUYECKUX CEOUCMS
OAHHBIX — JIEKAPCMBEHHBIX — CPeOCM8, NPeOnoNd2alomes NpPeuMyuecmeeHHo  oopamumvle  KUCIOMHO-UETIOYHbIe
83aumooelicmeust. Beposimnocms cunbHbiX U HEOOPAMUMBIX UIUKO-XUMUYECKUX PEAKYULl OYeHb HU3KA, U (usudecKue
CcMecU OAHHbIX JIeKAPCMBEHHBIX NPEnapamos He NO0Bep2aiOMmcsl HEe2AMUBHbIM 83aAUMOOCUCIBUM, KOMOpble MO2YMm
npusecmu K 2nyO00KuM 0ecmpyKmueHbIM UBMEHEHUSIM CO CHOPOHbL Jekapcmeentvlx gopm. Tlockonvky L-mupokcun,
OuKnopenar Hampusi u XOHOPOUMUHA CYTbham abcopOUpYIOmMCs NpeumyuecmeeHHo nymem npocmou oug@ysuu,
UMeIOm PA3NUYHble MEXAHUIMbL MPAHCROPMA Yepe3 OUONOSUYECKUEe MEMOPANbI, UMEION PA3HYIO CHENEeHb CESI3bIBAHUSL C
berkamu NAA3Mbl KpOGU U PA3IUYHLIE (DEPMEHmHble CUCMEMbl, BOGNEYEHHble 8 UX MEemAaboausM U IKCKpeyuu,
UCKTIOYAIOMCsL (papmakokunemuyeckue ezaumooeticmsusi medxncoy mumu. Ha yposue @apmaxonozuueckozo 3aumo-
Oeticmeust  0JCUOAemcs COYemanHoe U OOHOHANPAGIEHHOe B030eliCmeue KOMOUHAYUY aKmueHvlx eewjecms L-
MUPOKCUHA, OUKTIOPEHAKA Hampus U XOHOPOUMUHA CYAbGaAma, 8 YaCMHOCMU, NPU 0e2eHepamusHo-OUCMpOPUIecKux
HapywieHusx 6cneocmeue (QYHKYUOHANbHOU HeOOCMAMOYHOCIY  WUMOBUOHOU  Jicenesbl, 018 60CCHAHOGLEHUS
CMPYKMYypbl XpAWEoU MKAHU U 011 KOMIIEKCHO20 IMUOMPONHO20 U CUMNIMOMAMUYECKO20 JIe4eHUsl 0Cmeoapmpo3a U

CBA3AHHBIX C HUM COCMOSIHULL.

To date, research on comorbid pathology is
receiving increasing attention in modern medicine
[2]. The urgency of these problems is caused, on the
one hand, by the prevalence of the pathology, and on
the other - by their mutual aggravating effect, which
leads to the emergence of atypical clinical situations
[1, 2]. One of these issues is the formation, deve-
lopment and course of osteoarthrosis with insuf-
ficient thyroid function [3]. In this comorbid patho-
logical condition simultaneous administration of
basic hormone replacement therapy for functional
thyroid insufficiency and symptomatic treatment of
osteoarthrosis is needed [5, 6]. Also, the issues of
prevention of osteoarthritis in concomitant
hypothyroidism with the help of symptom-modi-
fying pharmacotherapy have not been solved [4, 9].
Therefore, the question about the study of
biopharmaceutical interaction of drugs used in the
correction of this pathological condition arises.

The purpose of the work is to conduct biopha-
rmaceutical analysis of the interaction of L-thy-
roxine, diclofenac sodium and chondroitin sulfate as
components of pharmacotherapy for osteoarthritis
manifestations against hypothyroidism.

MATERIALS AND METHODS OF RESEARCH

In order to evaluate the possible use of three
drugs combined — L-thyroxine, diclofenac sodium
and chondroitin sulfate, we examined their physico-
chemical properties, possible chemical reactions
they may enter due to the presence of functional
groups and pharmacokinetic and pharmacological in-
teractions mainly due to the effect on identical or inter-
connected biochemical, receptor or functional systems.
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RESULTS AND DISCUSSION

An analysis of the physicochemical properties of
L-thyroxine found that L-thyroxine is a derivative of
the tyrosine amino acid and is a synthetic analogue
of the thyroid hormone - thyroxine. The combination
of acid-alkaline properties in one molecule
determines the common property of all amino acids
to exist in the form of zwitterion (bipolar ion) [10].

Analysis of the acid-alkaline properties of levo-
thyroxine revealed that the dissociation of the carbo-
xyl group occurs already at pH>22.2 (pKa=2.12+0.3),
whereas the deprotonation of the amino group - only
at pH higher than 7.0 (pKa=6.91+0.25). Due to this,
the presence of levothyroxine in the form of zwi-
tterion at physiological pH (in the blood 7.4) is
possible. Complete dissociation of phenyl hydroxyl
occurs at a much higher pH (pKa=8.94+0.45), but
under physiological conditions, levothyroxine main-
ly exists in the form of a double-charged anion with
a protonated amino group [8].

Analysis of the chemical properties of diclofenac
sodium by functional groups found that diclofenac
sodium 1in its structure is a bifunctional compound
containing in its structure a secondary amino group
and a carboxyl group in the form of its salt with
sodium ion.

An analysis of the alkaline properties of diclo-
fenac sodium showed that the molecule contains an
ionized carboxyl group and can exist in two pro-
tolytic forms in the aqueous medium. Due to the low
value of the constant of ionization, under physiologi-
cal conditions diclofenac sodium is in the ionized
form, which is to a large extent soluble in water.
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An analysis of the physicochemical properties of
chondroitin sulfate showed that chondroitin-4 sulfate
is a polymer compound, the elemental link chain of
which is the structure of sulfated glucosamine.

Based on the theoretical analysis of the phy-
sicochemical and chemical properties of L-thy-
roxine, diclofenac sodium and chondroitin-4 sulfate,
we can assume the possibility of mainly reverse
acid-base interactions, which eliminates the possibility
of interaction of L-thyroxine (levothyroxine),
diclofenac sodium sulphate at the pharmaceutical level.

Analysis of the possible interactions of com-
pounds at the biological level revealed that at the
stage of intestinal absorption the compounds
analyzed use simple diffusion. So, chondroitin-4
sulfate as a component of cartilages and connective
tissue, exists in the form of a polymer and is
subjected to partial hydrolysis with the release of
chondroitin-4 sulfate. Diclofenac sodium, as an
exogenous compound, also enters the intestinal wall
by simple diffusion. L-thyroxine, despite its
similarity to the endogenous compound, is also
absorbed by active transport. Therefore, at the stage
of intestinal absorption the interaction between these
compounds is almost exclusive.

With the blood flow, the compounds enter the
liver, where their biotransformation can occur. The
bioavailability indicators show that these compounds
are biotransformed to varying degrees, so it is neces-
sary to analyze the possibility of their interaction at
this stage. However, the enzymes and biotrans-
formation systems involved in the metabolism of
each of the compounds are different, lack specificity
and have high activity in the body, so no interaction
at the metabolic level is expected for this com-
bination of compounds [7].

The distribution of compounds between organs
and tissues can also be a passive process, the direc-
tion of which is determined by the physicochemical
properties of the substances, or active, if active
carriers are involved therein. The lack of possible
interaction between them is also confirmed by the
different degree of binding to plasma proteins. This
also results in different half-elimination time - more
water-soluble compounds, which may subsequently
form glucuronic or sulfate conjugates, have a shorter
half-elimination time than high lipophilic L-thyroxine.

The excretion of these compounds and their
metabolites is mainly with urine and, in the form of
conjugates — partly with feces. Since no specific and
unique transport systems have been identified for
any of the compounds, it should be concluded that
their excretion occurs by means of independent
processes and their impact on the others is not
expected.
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Interaction at the level of biological response is
the final and most important stage in drug co-use.
The combined use of several active compounds can
reduce their dose, reducing the risk of side effects
and toxic effects in overdose. Therefore, pharma-
codynamic interaction analysis is one of the essen-
tials when assessing the possibility of using a
combination of drugs.

According to information on biological targets of
these compounds, they have slightly different
directions of biological action and, accordingly, the
target pharmacological effect. Thus, diclofenac
sodium is a classic inhibitor of type II cyclooxy-
genase (COX-2) and due to inhibition of the activity
of this enzyme and reduction of prostaglandin
synthesis (mediators of pain and inflammation) it
has predominantly analgesic and anti-inflammatory
action, L-thyroxine in low dosage accelerats
metabolism of lipids, carbohydrates and proteins,
and chondroitin sulfate acts mainly as a chon-
droprotector. However, recent studies have also
shown the involvement of chondroitin in the
inhibition of NO synthase and metal enzymes,
involved in the development of inflammation,
osteoarthritis and other diseases.

Thus, at the level of pharmacological interaction
one can expect combined and unidirectional effect of
the combination of active substances - L-thyroxine,
diclofenac sodium and chondroitin sulfate, particu-
larly in degenerative-dystrophic disorders due to
functional deficiency of the thyroid gland, in rene-
wal of cartilaginous tissue structure and in the
complex etiological and symptomatic treatment of
osteoarthrosis and associated conditions.

CONCLUSIONS

1. Based on the theoretical analysis of the phy-
sicochemical and chemical properties of L-thy-
roxine, diclofenac sodium and chondroitin sulfate, it
is possible to assume the possibility of mainly
reverse acid-base interactions. The likelihood of
other, strong and irreversible reactions is very low
and under normal conditions physical mixtures of
these compounds are not expected to be susceptible
to interactions that will lead to profound destructive
changes.

2. Because L-thyroxine, diclofenac sodium and
chondroitin sulfate are mainly absorbed by simple
diffusion, have different mechanisms of transport
through biological membranes (or those which are
not saturated due to their large amount), different
degrees of binding to blood plasma proteins and
various enzymatic systems involved in their
metabolism and excretion one can exclude pharma-
cokinetic interactions between them.
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3. At the level of pharmacological interaction one
can expect combined and unidirectional effect of
combination of active substances — L-thyroxine,
diclofenac sodium and chondroitin sulfate, parti-
cularly in degenerative-dystrophic disorders due to
functional deficiency of the thyroid gland, in rene-
wal of cartilaginous tissue structure and in the
complex etiological and symptomatic treatment of
osteoarthrosis and associated states.

Prospects for further development. The work was
performed on the basis of the research materials of
the Department of Pharmacology and Clinical Phar-

macology of the SE “DMA of Health Ministry of
Ukraine” on the subject “Pharmacological analysis
of organ- and endothelial protection in the
conditions of experimental pathological conditions”
(State registration N 0118U006631). It is planned to
further investigate the effects of nonsteroidal anti-
inflammatory drugs and chondroprotectors on the
manifestations of osteoarthrosis with concomitant
hypothyroidism.
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