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Abstract: In order to reduce the side effects of thyroid hormone substitute levothyroxine sodium
pentahydrate, its sorption with a quaternized salt of a new alkyl derivative of chitosan was studied. The drug
amount in the salt (gel) is in micrograms, and the gel-levothyroxine is in the form of a complex that can show
biological activity. With that end in view, a sorption process of levothyroxine sodium from an aqueous
solution to the inside and surface of the hydrogel was carried out under static conditions. The capacity of the
hydrogel depending upon the pH medium, the ionic strength, the hydrogel dose, the concentration of the
drug and the temperature was studied. It was shown that the effective sorption of levothyroxine by chitosan-
based hydrogel was optimal at pH of 6-8.5, at 50 mg/L concentration of levothyroxine in the presence of 10-
50 mg of hydrogel dose but the sorption degree begins to decrease after T=40 °C. The isotherm results of
sorption processes have been found to be subordinate mainly to Langmuir and to some extent Freundlich
equations. It revealed that gel degradation in the oxidizing medium is about 70% within 2 weeks, and in the
elastase and PBS medium is about 17-20%.
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Introduction

Polymer-based hydrogels are [3,4].

indispensable materials in modern medicine and Among  natural polymers,  the
biotechnology, as well as in various industries application of chitosan and its derivatives as
[1,2]. Hydrogels are macromolecular networks both drug immobilization and super absorbent is
that have the property of swelling in water of great interest. Chitosan is a water-insoluble
obtained from modifications of natural and polyaminosaccharide with a cellulose structure
synthetic polymers. They are widely used as a but characterized by the presence of amine and
matrix for effective sorption of organic acetoamide groups in content (Fig. 1) [5].
compounds as well as for the delivery of drugs
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Fig. 1. Chitosan sturcture
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The high density of hydrogen bonds
between amine and hydroxyl groups in the
chitosan chain limits its solubility in water. In
this regard, by modifying the macromolecule,
its various substitutes were obtained, and
polymer-drug delivery  systems were
synthesized by immobilizing small-molecule
organic compounds by sorption.

It is known that levothyroxine-Na
pentahydrate, a substitute for L-thyroxine, a
thyroid hormone should be taken by the body
long time after thyroid surgery. This drug is
used not free but in combination with various
polymers and inorganic substances. For
example, the drug currently used as L-thyroxine
name contains a mixture of microcrystalline
cellulose, povidone, Mg-stearate and lactose
excipients along with the active ingredient [6].
These substances are involved in the delivery of
the active drug to the required absorption site
and circulazation in the bloodstream.

Given the sufficient side effects, the
development of new dosage forms with
effective sorption of levothyroxine-Na into
chitosan-based polymer hydrogels is a topical
issue. The analysis of the reference is indicative
that there is a need to form new chitosan-
levothyroxine complexes, which can regulate
the amount of active ingredient by loading

levothyroxine into chitosan-based matrixes.
Thus, the amount of drug release from the
chitosan-based gel structure can be directly
regulated by the chemical composition of the
matrix and the rate of sorption [7]. Besides, the
bioavailability and gastroprotective properties
of chitosan make it possible to be used as a
matrix for the delivery of drugs.

The aim of the study was to investigate
the sorption of levothyroxine-Na from aqueous
solutions with hydrogel synthesized by low-
temperature treatment of ion exchange salt with
NaCl of quaternized product of N,N-diethyl
alkyl derivative chitosan (DEMX) with methyl
iodide. Thus, for the preparation of complexes
with different content of levothyroxine with
hydrogel, the sorption process was conducted
dependent on the pH of the medium, the ionic
strength of the solution and the concentration of
the drug, the amount of gel and temperature. In
addition, the degree of swelling and the kinetics
of degradation of the synthesized hydrogel in
different media were studied. Each of the
levothyroxine-DEMX forms obtained is suitable
for medical use by preserve the active drug in
the required dose. Each sample differs in the
amount of levothyroxine in micrograms, which
determines its required dose.

Experimental part

Reagents

Chitosan average molecular weight 35
kDa (deacetylation degree 85-87%),
acetaldehyde (>99.0%), NaBH; (chemically
pure >96%), acetic acid (Glacial), ethanol
(95%), acetone (>99.9%), diethyl ether (1 ppm
inhibitor, anhydrous, >99.7%), NaCl (BioXtra,
>99.5%), acetonitrile (99.8% anhydrous), and
NaOH from Sigma-Aldrich. To recall, methyl

iodide stabilized with metallic copper (99%
c.p.) is from Acros Organics.

Thyroxine-Na pentahydrate (CAS 6106-07-
6) was also obtained from Sigma Aldrich. The
molar mass is 816.67 g-mol™ and adsorption
maximum is observed at a wavelength of 227
nm. The pK values of ionizing chemical
functional groups are as follows (Fig. 2):

Fig. 2. Chemical structure of levothyroxine
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pPKa1=0.27; pKs=7.43 and pK;3=9.43 where K;, K, and K3 belong to -COOH, phenol and -OH

groups, respectively.
Preparation of hydrogel sorbent

The synthesis of DEMX was carried out
in line with the appropriate method [8] and
improved by us. Thus, 5 g of DEMX is
dispersed in 20 ml of 1% acetic acid solution
and mixed continuously until it is completely
dissolved. The solution is poured into a Petri
dish and stored at -20 °C for 15 hours, then
added to a 3 M solution of alkali in cold ethanol
and stored again at -20 °C for one day. Finally,
the hydrogel is washed with 50% ethanol
solution, then with distilled water until a neutral
medium is obtained, dried at 35-40 °C for 2
days to a stable weight, crushed and passed
through a 0.02 mm sieve.

Co— Cag

R = —
. C

%100 (1)

Where, Co and Ceq were initial and
equilibrium concentrations of levothyroxine,
mg-L™,

V- sorption volume, mL, m was DEMX dose, g.

Based on the sorption values, the
dependence of the sorption capacity and the
Ceq/ Qeq ratio on the equilibrium concentration of
levothyroxine and the function logQ=f(1gC)
were established. Based on the equilibrium
state, linear dependence plots were formed
according to the Langmuir and Freundlich
isotherm models of sorption.

D= Wary 100 (3)

Swelling ratio,, = .

Absorption study

The effect of pH medium,initial
concentration of the drug, dose of hydrogel and
temperature on the sorption of levothyroxine
with a DEMX-based hydrogel structurally
absorbent was carried out systematically. Thus,
sorption processes were performed in the
amount of 5-200 mg of DEMX, in the range of
pH 1-10 medium, and in the concentration range
of 10-50 mg/L of drug for 24 hours at 20; 30;
40 and 50 °C temperatures. The sorption
volume was 20 ml in all cases and sorption
degree (Ry) and equilibrium sorption capacity
of gel (Qeg, mg-gr) were calculated according
to equations 1-2.

Co- Ceq

Qeg = — %V (@

The degree of swelling of the gel was
calculated by equation equation (3) according to
the increase in the mass of the dry sample at
certain time intervals. The degradation tests of
DEMX-based hydrogel were performed using
equation (4) according to the weight loss by
incubation for 1-30 days in a phosphate buffer
saline solution (PBS), 3 mol/L H;0,, and 1
mg/ml elastase solution.

Weight loss,, = % % 100 4

Results and discussion

The structure and content of the DEMX
derivative of chitosan synthesized by us in order
to increase the hydrophilicity have been studied
in detail [8].

The gel structure and schematic
description of the process obtained gel at freeze
temperature are shown in Fig.3. It found that
the processing of quaternized alkyl derivatives
of chitosan at freeze temperature forms

crystalline and hydrogen bonds between
functional groups in macromolecules which is
characterized by its cross-linking structure. As a
result, the polymer forms a gel in aqueous and
pH solutions. The formation of a gel structure
and the ability ionization of functional groups
by absorbing water molecules to volume allow
the immobilization of drugs with DEMX by
sorption [7].
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Fig. 3. Synthesis reactions of DEMX from chitosan and hydrogel, a - hydrogen bond,
(b) - crystalline bond

As is known, chitosan is a
macromolecule with pK;=6.3-6.5 with 80-85% -
NH, groups [9,10]. Substitution of amine
groups with ethyl groups to certain extent after
quaternation reduces its pKa value to 3.8-4.3
which affects its solubility. Besides, the DEMX
hydrogel has more positively charged chains.
This allows it to easily sorb small-molecule

"« 5 H 52 5% 3

Sorption degree, %

Levathyroxine capacity, mg/gr

=]
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drugs with relatively high pKa.

Initially, levothyroxine with an initial
concentration of 50 mg/L was sorbed with 2.50
g-L"t DEMX at 20 °C for 24 hours at pH=1-10,
equilibrium concentrations were determined, gel
drug capacity and sorption degree were
calculated (Fig. 4).

30

Sorption degree, %
Levathyroxine capacity, mg/gr

Ly 150
Jme DEMX, mg

Fig. 4. Dependence of levothyroxine sorption with DEMX-based hydrogel from the pH medium and
gel dose, T=20 °C, t=24 hr, V=20 mL, Co=50 mg/L.

As can be seen from Figure 4, the
DEMX gel has a levothyroxine sorption rate of
10-18% and a drug capacity of 2-2.4 mg/g at
low pH. This is due to the positive charge of
both phases in the same medium due to the
protonation of the functional groups of the gel
and levothyroxine. In this case, sorption occurs
with a small part of charge interaction between
the -COO- groups in levothyroxine and the

protonated amine groups. Effective and higher
sorption with DEMX was found to occur in the
pH range of 6-9. This is explained as being due
to the fact that levothyroxine is easily attracted
to DEMX by hydrogen bonding, electrostatic
and orientation forces due to its neutral and
more negatively charged in this medium [11]. In
next studies, pH=8 of the medium were taken
as the optimal sorption conditions.
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Fig.4 also shows the results of the
dependence of levothyroxine sorption on the
dose of DEMX at pH=8. As can be seen, the
sorption degree of the gel decreases as the dose
of gel increases, and after 50 mg of the dose it
reaches equilibrium with a sorption rate of 80-
83%. This is due to the increase in the
concentration of active centers in a unit volume
with an increase in the dose of gel. The
decrease in drug capacity is due to the increase
in the value of the dose of gel in the
denominator in (2) equation. The optimal dose
of 50 mg of gel for next sorption processes was
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selected.

The initial concentration of sorbate in
sorption processes is the main factor affecting
its distribution in the solid and liquid phases.
Conducting  such  studies at different
temperatures  helps to obtain  detailed
information about the mechanism of sorption.
For this purpose,, the presence of 50 mg DEMX
dose, at pH=8, in drug solutions with an initial
concentration of 10-50 mg/L range the sorption
process was carried out at steady state at 20; 30;

40 and 50 °C for 24 hours.
6
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Fig. 5. Dependence of DEMX drug capacity from equilibrium and initial concentration of levothyroxine
at different temperatures

As can be seen from Fig. 5, after the 10-12
mg/L equilibrium concentration of
levothyroxine, the gel drug capacity begins to
remain stable, and at a temperature of 30-40 °C
the sorption was more effective and
characterized by a high drug capacity. An
increase in the concentration of levothyroxine in
the solution results in rapid saturation of the
sorbent due to the constant gel mass. The stable
proportion of active centers in the hydrogel
content does not allow the more absorption of
drugs. [12]. After 40 °C, the gel capacity
decreases which is due to the dual nature of the
sorption process. The observed sorption by a
different mechanism depending on the
temperature was explained in the next study.

It is known that according to the
experimental results of sorption isotherms [13],
the most optimal models for the isotherm in

Fig.5 are Langmuir and Freundlich models. The
Langmuir model is suitable for ideal
homogeneity of the sorption surface, while the
Freundlich model is suitable for extremely
heterogeneous  surfaces.  The  functions
Ce/Qe=f(Ce) (Langmuir model) and log
logQc=f(logCe) (Freundlich model) of the
sorption isotherm results were established and
the dependence was determined to be linear
(Fig. 6).

It is possible to determine the
empirical constants of levothyroxine sorption by
DEMX by applying regression coefficients and
the formulas of the two-parameter Langmuir
and Freundlich models from Fig. 6. As can be
seen, the sorption of levothyroxine at 1.5-13
mg/L equilibrium concentration by DMEX-
based gel is compatible with both Freundlich
and  Langmuir  models of isotherm.
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Fig. 6. Linear form of levothyroxine sorption isotherm according to Langmuir
and Freundlich models

Thus, the sorption of levothyroxine up
to the 12-15 mg/L equilibrium concentration
takes place in energetic equivalent centers, and
the sorbate is localized in separate sorption
centers. In this case, a monomolecular layer is
formed because each center interacts with only
one sorbate, and levothyroxine molecules do not
interact with each other because the sorption
takes place in separate sorption centers. At

subsequent values of equilibrium concentration,
the sorption takes place mainly in non-
equivalent centers, ie on heterogeneous
surfaces, and the monomolecularity of the drug
is maintained. The study made it possible to
show that the sorption isotherms fitted to the
Langmuir model at all temperature values

(Fig.7).
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Fig. 7. Fitt of levothyroxine sorption isotherm to Langmuir model at different temperatures. Temperature
dependence of drug capacity

It revealed that an increase in
temperature of 30-37 °C leads to an increase in
the capacity of the levothyroxine which proves
that the process is endothermic in nature. Also,
an increase in the mobility of the
macromolecule up to 37 °C leads to the opening
of active sites, and this process is accelerated by
increasing the mobility of the levothyroxine
molecule [14]. This proves that levothyroxine is

immobilized to DEMX-based gel by chemical
sorption between 30 and 40 °C. In the next
increase of temperature, the decrease of gel
capacity is due to the desorption process. This
suggests that levothyroxine was immobilized to
the active centers of the gel not by covalent
bonding but by coordination or weak forces.

The  swelling and degradation
characteristics of the matrix are important
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factors in determining the delivery ability of
levothyroxine after immobilization by sorption
to DEMX-based hydrogel. For this purpose,

Swelling ratlo
\

12 17
Time, hours

both swelling degree and degradation of 50 mg
gel samples were studied in different medium

(Fig. 8).

Weight loss, %

o 10 20

Fig. 8. The swelling kinetics and degradation tests of DEMX-based gel in different mediums, T=24
°C, V=20 mL.

As can be seen, the good ionization of
the functional groups of the gel at pH=8 makes
its swelling degree higher than in other
mediums. The swelling in a 50% alcohol
solution is mainly caused by the absorption of
water molecules and the formation of hydrogen
bonds [15,16]. It was also found that in a
relatively  aggressive H;O, environment,
oxidation of the functional groups of the gel and
the start of destruction lead to more mass loss.
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LEVOTIROKSININ XITOZANIN ALKIL OVOZLI SIFF OSASLI HIDROGELI ILO SORBSIYASI
PROSESININ ToDQIQi

Samira Safaraliyeva®, Dilgam Tagwyev®, Nizami Zeynalov®,
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®AMEA akad. M.Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu,
AZ 1143, Baki §., H.Cavid pr.113, E-mail: safaraliyeva2017@mail.ru
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Xiilasa: Qalxanabanzar vazinin hormon avazedicisi olan Na-levotiroksin pentahidratin yan tasirlarini
azaltmag moagsadi ilo onun xitozamin yeni alkil toramasinin kvaternizo olnmus duzu ilo sorbsiyasi
oyranilmisdir. Duzun (gelin) torkibindo preparatin migdar: mkq tortibdadir vao gel-levotiroksin bioloji
aktiviik gostara bilon kompleks formasindadir. Bu maQsadla levotiroksin-Na-un sulu mahluldan hidrogel
daxilina va sathina statik soraitda sorbsiya prosesi hayata kegirilmisdir. Hidrogelin tutumunun miihitin pH-1
Vo ion giivvasi, hidrogelin migdari, preparatin qatiligi va temperaturdan asililiglart miiayyon edilmisdir.
Gostarilmisdir ki, xitozan asasli hidrogel ilo levotiroksinin effektiv sorbsiyasi miihitin pH-mn 6-8.5
giymatinda, levotiroksinin 50 mq/L qatiiginda 10-50 mq hidrogel istirakinda optimal olub, T=40 °C-don
sonra sorbsiya daracCasi azalmaga baslayir. Sorbsiya proseslarinin izoterm naticalari 2sasan Longmiir va
miiayyan (odar Freyndlix tonliklorina tabe olmast miiayyon edilmisdir. Géstorilmigdir ki, oksidlasdirici
miihitinda gelin deqradasiyasi 2 hafta arzinda 70%, elastaza va PBS miihitinda iso 17-20%-2 yaxin olur.
Acar sozlor: xitozan, kvaterniza, gel, galxanabanzar vazin hormonu, Na-levotiroksin pentahidrat, sorbsiya
tutumu, izoterm.

HCCIE/IOBAHHE ITPOLNECCOB COPBLIUHU JIEBOTHPOKCHHA I'H/TPOI'EJTEM XUTO3AHA
HA OCHOBE AJIKHII3BAMEIIIEHHOI'O OCHOBAHHUA LLITHD®A
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Uncmumym Kamanuza u Heopeanuueckoii Xumuu um. axao. M. Hazuesa
Hayuonanvnoti AH Asepbatioocana
AZ1143, . baxy, np. I' [{ncasuoa, 113, e-mail: safaraliyeva2017@mail.ru
6 - .
Hayuno-uccreooeamenvckuil u npoexmuwiii uncmumym negpmu u 2aza SOCAR
‘Hayuonanvnoii Uccredosamenvcrkuit Cosem Umanuu, Mnemumym Ionrumepos, Komnozumos u
buomamepuanos

Annomayun: C yenvio CHUdCeHus: NOOOUHBIX IPGeKmos 3amMeHumens MmupeouoHo20 20PMOHA
JIe8OMUPOKCUHA HAMPUST NEHMASUOPATNA UCCIe008AU €20 COPOYUIO KEAMEPHUZOBAHHOU CONLIO HOBO20
AIKUINPOU3600H020 Xumo3ana. Konuvecmseo npenapama 6 conu (2eie) yKasauno 8 Mxe, d 2e/b-1e6omupoKCUn
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npeocmasier 8 sude KOMNIeKcd, CHOCOOH020 NPosABIsAMb buoiocuieckyio akmusnocms. C amotl yenvto Ovin
nposeden npoyecc copoyuu 1e60MuUpOKCUHA HAMPUsL U3 800HO20 PACmMEopa 6 oOveme U HA NOBEePXHOCMU
2uopoeens 6 cmamuyeckux ycinosusx. Onpeoenena 3a8ucumocms emxocmu 2uopozenis om pH u uonnoil cunvt
cpeobl, Koauwecmea 2uopoeiis, KOHyeHmpayuu npenapama u memnepamypsl. ITloxkazano, umo
ahghexmuenas copoyus 1e60MUPOKCUHA 2UOpO2esieM HA OCHO8e Xumosana onmumanvha npu pH 6-8,5,
xonyenmpayuu 50 me/n 6 npucymemeuu 10-50 me nesomupoxcuna, a nocie memnepamypol 40°C nauunaem
CHUDICAMbCSL  CMeNneHb  copoyul. Ycmanosneno, umo u30omepmudeckue pesyibmamol COPOYUOHHBIX
npoyeccos NOOYUHAIOMCS, 8 OCHOBHOM YpasHenusm Jlememiopa u 6 nexomopou cmenenu @petinonuxa.
THokaszano, umo Oeepadayus 2eisi 8 OKUCIUMENbHOU cpede cocmasisiem oxkoao 70% 3a 2 nedenu, a 6 cpede
anacmasel u PBS — oxono 17-20%.

Knwuesvle cnoea: xumosan, KeamepHusayus, 2eib, MUPEOUOHbIL 2OPMOH; NE€BOMUPOKCUHA HAMPUsL
nexmazuopam, CoOpoOYUOHHASL EMKOCHb, U30MePMA.
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