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The paper deals with water swollen and pH environment-sensitive hydrogels by means of stitching of poly-N-
vinylpyrrolidone with average molecular weight 10 kDa and N,N’- methylene-bis-acrylamide by 1-20%
(mass). Hydrogel's swelling degree and kinetics and their structures were characterized by FTIR, NMR,
SEM and TGA methods. Also, some mechanical, biocompatible and mucoadhesive properties of hydrogels
were determined. Besides, hydrogels were immobilized by means of doxorubicin as a model preparation and
various mathematical models of zero and first order, as well as laws of Korsmeyer -Peppas and Hixson-
Crowell were applied to its release profile. Note that the drug proceeded in line with non-Fickian diffusion

mechanism while the releaee profile is best fitted with the Higuchi square root model.
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Introduction

As is known, antibiotics, enzymes,
alkaloids as well as physiological active
compounds  cannot  provide long-term

therapeutic concentrations in the organism. As a
result, the area of inflammation or trauma
cannot be effectively cured. The effect of the
drugs is due to their short-term distribution and
metabolism in the bloodstream.

In order to control the effect of treatment,
it is necessary to take the drug more often or 2-3
times the therapeutic dose. But this can lead to
adverse complications in other tissues
sometimes violate their functions and led to
other chronic diseases[1-3].
To overcome this drawback, it is necessary to
maintain a therapeutic concentration of drugs in
the blood for a long time.. For this purpose
efforts were made to prepare natural and
synthetic compounds-based hydrogel, as well as
carriers arising from their combination with
metal nanoparticles, coatings, ultra-thin films,
etc. and improved biomaterials. This led to the
effective  delivery of the active drug

immobilized in a pre-structured composition to
the desired area and at the same time controlled
release to provide a therapeutic limit. It is
important that the hydrogel acts against
environmental irritants. As a result, the
synthesized hydrogel is pre-designed taking into
account the nature of the working medium and
is characterized as hydrogels sensitive to pH,
temperature, ionic strength, and electric field [4-
6]. Hydrogels are three-dimensional materials,
which created by crosslinking linear natural and
synthetic polymers with bifunctional low
molecular weight compounds. The ability of
hydrogels to expand and tighten in volume
depending on environmental influences and
behave like tissue, absorbing a certain number
of water molecules, leads to biocompatibility.
This property provides a controlled release of
immobilized drugs by volume and surface of the
gels. The  non-toxicity  of  poly-N-
vinylpyrrolidone (PVP), its hydrophilicity,
mucoadhesiveness and the tendency to form
complexes with drugs make it possible to use
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this hydrogel as a matrix for the efficient
transport of drugs [7-9]. An analysis of the
studies shows that the main problem after the
immobilization of drugs lies in the mechanism
of their separation from the hydrogel. These
results provide a controlled and sustained

release of the drug. From this point of view, the
pH-sensitive hydrogel was synthesized by the
interaction of PVPr with N, N'-methylene-bis-
acrylamide (MBAA); besides, kinetic studies of
the separation of antibiotic doxorubicin from the
hydrogel as a model drug were carried out.

Experimental part

The chemically pure Poly-N-vinylpyrrolidone
with average molecular weight of 10 kDa and
cross-linking reagent - N, N’-methylene-bis-
acrylamide were received from Fluka.
Doxorubicin-Na used as a model drug is
manufactured by TEVA  Pharmaceutical
Industry (Israel) under the code name ATX
LO1DB01 with a purity of 98% for
pharmacological studies. Note that compounds
such as a CH3COOH, NH4OH, CH3;COONH,4,
HCI and KOH used to prepare buffer solutions,
were chemically pure for chemical analysis. The
structures were confirmed through the use of IR
spectroscopy  with  Fourier  transformation
(Nicolet 5700FTIR THERMO) within the range
of 4000 and 400 cm™. The *C NMR analysis of
the samples was carried out on a BRUKER
DSX-300 spectrometer and thermal analysis on
a TQA EXSTAR TG / DTA 6300 instrument
with a heating rate of 100 © C / min and at
atmospheric pressure within the range of 25-
2000° C. A degree of hydrogel swelling was
determined by the gravimetric method. The
process of separating Na-doxorubicin from a
hydrogel as a model preparation was studied in
distilled water and buffer solutions with a pH of

2.2 and a pH of 7.4 [10, 11]. All the studies
were carried out three times. Both, mechanism
of hydrogel swelling and mechanism of drug
release from the drug-loaded hydrogels were
determined by using equation (Mt/Moo=ktn)
provided by Ritger and Peppas [12,13]. Here,
the ratio of Mt / Moo was the fractional
swelling/separation of the drug at time t; k was
constant for the drug-polymer system, and n
was the diffusion rate of the swelling/separation
mechanism. Different parameters of release
Kinetics of drugs from drug-loaded hydrogels
were determined. Maximum amount of
separation and initial amount were calculated by
the equation t/C; = a + Bt. Here, C; is the amount
of drug released at time t, p=1/Cnax iS the
inverse of the maximum amount of released
drug, a=1/(Cmax)?, Krei=1/1, is the inverse of the
initial release rate, and k¢ is the constant of the
release kinetics [9]. To find out the mechanism
of drug release from hydrogels, the data was
treated in different mathematical models, i.e.
zero order, first order, Higuchi square root law,
Korsmeyer-Peppas model, and Hixson-Crowell
cube root [14].

Results and discussion

The mechanism of the PVPr formation
process, the structure of starting materials and
the embedded polymer were identified using IR
and NMR spectroscopy. In the IR spectrum of
PVPr, absorption bands of 1430, 1230, 1638,
and 3345 cm! frequencies to comply with
functional groups > CH,, -CH, > C = O, were
observed and in the IR spectrum of the

constructed polymer a decrease in the intensity
of the absorption band > CH; observed. On the
contrary, a characteristic peak of the -CH3 group
was observed in the spectrum. According to
these results, it can be assumed that the
construction of homopolymer took place
according to the following chemical mechanism
[15].
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The cross-linking reaction occurring radical
chain  reaction and hydrogel obtained
recombination of macroradicals. We can show

The SEM images of hydrogel showed a porous
structure with rough surface morphology. Also,
porous structure provides more channels for
water to diffuse out of swelled polymers and
control the diffusion of the entrapped water-
soluble drugs. With that consideration, as
amount of MBAA increased, the size of porous
one decreased, and the swelling degree began to
get a low value. The 10% mass amount of cross-
linking reagent characterized optimal swelling
degree (180-200%) that was suitable for the
immobilization of drugs. According to Xx-ray
diffraction analysis, polymers exhibited a wide
intensity spectrum characteristic of amorphous
substances in the spectrum. In hydrogels,
crystallinity increases by 5-15%. This results in
a gentle peak narrowing. According to the TQA
analysis, hydrogels loss up to 8.2-11% of their
mass up to 1000 °C due to the separation of
water molecules bound by hydrogen bonds on
the surface or near internal volumes.
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the chemical structure of hydrogel as following
according to NMR and FTIR analysis of initial
and final productions.

Thermochemical destruction of hydrogels
(weight loss 80-83%) occurrs after 150°C.

It was shown that the swelling of
hydrogels, i.e. diffusion of solvent molecules
occurs according to the non-Fickian mechanism.
According to this mechanism, the diffusion rate
of the solvent can be compared with the
relaxation of polymer macromolecules. Solvent
molecules increase the mobility of the polymer
chain from glassy to swollen rubber. In a
hydrogel sample, an increase in the amount of
cross-linking material is characterized by an
increase in swelling at first quickly and at an
optimal rate for a short period of time, after
which stabilization or a slight decrease is
observed. The swelling rate in a 0.9% NaCl
solution is less than the swelling rate in a
distillation medium. This decrease in the
swelling rate is due to the load protection effect
of the leading cations, which reduces the
osmotic pressure between water and gel.
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Note that mechanical properties of
hydrogels are very important for drug delivery
pharmaceutical applications and protection of
sensitive therapeutic reagents to be delivered to
specific regions in the drug delivery system.
The desired mechanical property of the
hydrogels can be achieved by adjusting the
cross-linking degree. Rise in the degree of
cross-linking of the system results in a stronger
gel. The mechanical property could be
harmonious with a swelling degree of gel.
Experiments found that optimal swelling degree
and strong mechanical property for 10 kDa
PVPr was 8-10% mass value of MBAA. Note
that mucoadhesive and absorption properties of
the hydrogel by the mucous membrane of the
intestinal was investigated. The maximum force
of adhesion was observed for the adhesion of
PVPr-10MBAA hydrogel with the intestinal

mucus membrane for 300-second contact time.
This might be due to the ionic interaction of gel
with the membrane. A little difference for
swelling degree of gel was apparent in acidic
and alkaline medium. This was due to the same
degree of dissociation of functional groups in
the hydrogel content at a wide interval of buffer
solutions. The drug released was higher in pH
2.2 buffer than pH 7.4 buffer solution and
distillation water medium.

That was due to better solubility of doxorubicin
in pH=2.2. The swelling of hydrogels was
nearly the same in both pH 2.2 and pH 7.4
buffer and, hence, the drug release in the present
case was solubility controlled. The release of
the drug occurred through a non-Fickian
diffusion mechanism and the rate of diffusion
was higher during the earlier stages of drug
release (Tab.1).

Table 1. Kinetic parameters of doxorubicin release from drug-loaded PVPr - 10% MBAA-based
hydrogel, n-diffusion exponent, k-gel characteristic constant, and different diffusion coefficients.

Release | diffusion gel Maximum | Constant Initial Diffusion coefficients
medium | exponent, n | characte | amount of of the release (cm?/min)
ristic released kinetic rate, Initial, | Averag Late
constant drug, of rox10° Dix10° e, time,
, Crax(MgL™ | release, | (mgL?s™) D.x10° | D;x10°
kx10° b Kreix10°
C)
pH=2.2 0.682 17.754 451.34 89.27 178.74 24,752 | 15.118 | 22.437
buffer
Dest. 0.678 18.134 250.61 153.82 103.41 21.236 | 14.790 | 20.862
water
pH=7.4 0.698 16.057 392.72 81.73 144.55 26.218 | 14.017 | 24.261
buffer
The Kkinetic parameters indicated that the obeyed all kinetic models (R2 > 0.97) and best

maximum amount of drug (Cmax) has been
released in a pH 2.2 buffer solution. It has also
been found that drug release from hydrogel has

fitted in the Higuchi square root model with the
highest value of the regression coefficient (R2)
(Tab.2).

Table 2. Kinetic interpretation of doxorubicine release from PVPr-10MBAA based hydrogel.

Release Zero order First order Higuichi [R?], Korsmeyer- Hixon-Crovell
medium [R?], ko (Min™ | [R?, ky (min™) Ky (min™?) Peppas [R], [R?], kuc
D) Kip (Min™) (min™*?)

pH=2.2 0.9658 0.9824 0.9946 0.9958 0.9943
buffer
Dest. water 0.9724 0.9946 0.9956 0.9932 0.9983
pH=7.4 0.9817 0.9712 0.9972 0.9947 0.9981
buffer

According to the Higuchi square root
model, the separation of a drug from a hydrogel
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the Higuchi model where a part of the loaded
drug was first separated, so that these layers had
a weakened bond with the drug molecules while
the interaction was intense. The drug in the
inner layers of the next polymer matrix started
to be released upon dissolution and diffusion
[16-17].

In  hydrophilic  polymer-based drug
delivery systems, the drug release is controlled
by the inward flux of water molecules and
resultant swelling of the polymer matrix, which
are referred to as swelling-controlled drug
delivery systems. In these systems, the drugs are
initially dissolved or dispersed in the glassy
polymers. Upon contact with biological fluids,
the hydrogels begin to swell and two distinct
phases can be observed in the polymer; the

inner glassy phase and the swollen rubbery
phase. The drug molecules are able to diffuse
out of the rubbery phase of the polymer.
Clearly, the drug release from the drug-loaded
polymers is controlled by the velocity and
position of the glasserubbery interface, since no
drug diffuses out of the glassy region of the
polymer. A very important phenomenon of
macromolecular relaxation takes place at the
glasserubbery interface and significantly affects
the drug release [18]. According to Kkinetic
results hydrogel - cross-linking of PVPr with
10% (mass) MBAA could use as depo for
addresses delivery and control release of
antibiotics and protein, and treatment of local
infections.
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POLI-N-VINILPIRROLIDON OSASLI HIDROGELIN DiZAYNI VO DORKSORUBISININ
NOZAROTLI AYRILMASINA HiQUCI, KORSMEYER-PEPPAS, HIKSON-KROVELL KINETIK
MODELLORININ TOTBIQI

$.Z. Tapdigov®®

®AMEA M.F.Nagiyev adina Kataliz va Qeyri-iizvi Kimya Institutu,
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bQum va su tazahiirlori ilo miibariza s6basi, Neftqazelmitadqgigatlayiha Institutu, ARDNS
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Tadgiqat isinda orta molekul kiitlasi 10 kDa olan poli-N-vinilpirrolidonun N,N -metilen-bis-akrilamidlo 1-
20% (kiitla) tikilmasindan miihitin pH-na hassas, suda siga bilon hidrogellar sintez edilmigdir. Hidrogellarin
sisma doracasi vo kinetikasi, elaco do onlarin struktur qurulusiart fQ, NMR, SEM, TQA iisullar ilo
xarakteriza edilmisdir. Hamginin hidrogellorin bazi mexaniki, biouygunluq vo mukoadgeziv xassalori
oyranilmisdir. Bundan savayr model darman kimi doksorubisinin hidrogellora yiikladilmasi hayata kegirlmis
va sifir, birinci tartib, Hiqugi kvadrat kok qanunu, Korsmeyer-Peppas va Hikson-Krovell kub kok miixtalif
kinetik modellori ayrilmamn profili iigiin totbiq edilmisdir. Darmanmin ayrilmasi geyri-Fikian diffuziya
mexanizmi ila bas verir va ayrilmanin istigamoati yaxsi halda Hiqugi kok saha modelina uygun goalir.

Agar sézlar: poli-N-vinilpirrolidon,  N,N"-metilen-bis-akrilamid, gel, doksorubisin, Hiqu¢i, Korsmeyer-
Peppas va Hikson-Krovell kinetik modellari.

PA3PABOTKA I'M/[POI'EJIA HA OCHOBE I10/TH-N-BHHHU/IITHPPO/IH/IOHA H TPHMEHEHHE
KHHETHYECKHX MOJEJIEH XUKY4YU, KOPCMEHUEPA-IIEITIIACA, XUKCOHA-KPOBEJIVTA
JUIAA KOHTPOJIMPYEMOI O BBITEJIEHHA J/IOKCOPYBUHITUHA

1I1.3. Tanowizcoe

Unemumym Kamanusza u Heopeanuueckoti xumuu umenu akademuxa M. Haeuesa
Hayuonanvroiit AH Azepbaiioscana
AZ 1143 Faxy, np. I"/Picasuda, 113, e-mail: shamo.chem.az@gmail.com

Cunmesupoganvl Habyxaowue 6 600e U yygcmaumenvrvle kK pH cpedvl eudpoeenu nymem cuiuganust nou -
N-gununnuppoiuoona co cpeowneii monexynaprou maccou 10 xlla u N,N -memunen-ouc-axpuramuoa (1-
20%). Cmenenv u KuHemuxa HAOYXauus 2uopocenel, a maxdce ux cmpykmypvl Ovliu onpeoeneHvl
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memodamu UK, SIMP, COM, TI'A. Taxoice Ovbiiu uzyuenvi HEKOmMopble MeXanuieckue, OUocoemMecmumpie u
MyKoaozesuenvle ceolicmea eudpoeenei. Kpome moeo, ocywecmenena — ummobunuzayus euopoeeneti
00KCOPYOUYUHOM 8 Kauecmee  MOOEIbHO20 HPEenapama u K NpoQuilo e2o GulOeleHUsT NPUMEHEHDL
PA3TUYHble MAMEMAmuyecKue MO0eiu — HYy1eeo20 U nepeo2o nopsaokos, saxon Xukyuu, Kopcmeiiepa-
Ilennaca u Xuxcouna-Kposenna. BwicsobodicOeHUe N1eKApPCMEEHHO20  CPeOCmed NPOUCXOOUNO  HO
HepUKOBCKOMY Mexanusmy oug@ysuu, a npoghuib 8biC6000HCOCHUS yHUE 8CE20 COOMBEMCMEYem MOOeau
Xueyuu.

Knrouesvie cnosa: nonu-N-eununnupponuoon, N,N -memunen-6uc-axpunramuo, 2env, 00Kcopyouyun, 3aKoH
Xuxyuu, Kopcmetiepa-Ilennaca u Xuxcona-Kpogenna
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