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The article represents the results of studies of sorption and desorption of novocaine and
lidocaine by combined polyacrylamide gelatinous hydrogels. Therates of sorption by hydrogelsare
different, depending on the structure and the presence of functional groups in the structure of
absorbed substances. The study of the desorption of medicinal substances from the polymeric
matrix of hydrogel showed that release of novocaine and lidocaine lasts for a long time, which can
ensure their prolonged delivery. Developed hydrogel materials can be used in cosmetology and
medicine, astransder mal drug delivery systems.
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I ntroduction

Recently, significant advances in medicine
have been made due to the great attention paid to the
development of controlled release dosage forms [1-
4]. There are a large number of medicines intended
for the release of therapeutic agents. In the treatment
of wounds of different origins, transdermal
therapeutic systems are increasingly used to combine
the prolonged and targeted release of awide range of
therapeutic drugs [5,6]. They aso provide intensive
absorption of the wound exudate and create a barrier
that protects the wound from infection. Synthetic and
natural hydrogels are used to create transdermal
therapeutic systems, however, the combination of
both types is preferable in the synthesis of new
hydrogel materials. Simultaneous attraction of
synthetic and natural macromolecules into the
hydrogel matrix endows the combined hydrogels
with new valuable properties|7, 8].

Natural polymers of protein nature are widely
researched and used in the creation of combined
hydrogels, since they have the advantage of imitating
many features of the extracellular matrix and thus
have the potential to direct the cell growth and
organization during tissue regeneration and wound
healing [9, 10].
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Collagen is one of the most common polymers
of protein nature. Being the main protein component
of the extracellular matrix that supports connective
tissue, collagen is considered to be an ideal
framework or matrix for tissue engineering [11].
However, the complexity of obtaining collagen in a
form capable of hydrogel forming, as well asits high
cost, makes it unpromising to create therapeutic
interventions geared to the needs of the mass
consumer.

At the same time it is known that a direct
functional analogue of collagen is gelatin, which is
obtained from it when using different processing
methods. Gelatin is widely used for pharmaceutical
and medical needs due to its biocompatibility and
ability to biodegrade in physiological environments
[12].

Gelatin forms hydrogels on the basis of
physical bonds, which, however, lose their structure
and break even at body temperature. In order to
obtain stable hydrogels with improved physico-
mechanical properties of the macromolecule, gelatin
must be cross-linked through covalent bonding.

Therefore, the creation of transdermal
therapeutic systems based on combined hydrogels is
an urgent task.



Investigation of sorption / desorption processes of medical substances by combined hydrogels

Materialsand methods of research

Reagents. Acrylamide, gelatin (GT), and
formaldehyde manufactured by Aldrich were used
without further purification.

Synthesis of polyacrylamide (PAA) and
synthesis of poly-N-(hydroxymethyl) acrylamide
(PNHA) were performed according to the procedure
described in [13].

The hydrogels were synthezied via reaction of
poly-N-(hydroxymethyl) acrylamide and polyacryl-
amide (during the preparation of combined hydrogels
apart of the polyacrylamide was replaced by gelatin)
with the given ratio. The resulting composition was
homogenized, adjusted to pH of 2—3 by introducing a
10 % acid solution and heated for some time in a
sealed reactor at the temperature of 313-343 K. To
remove the unreacted substances, the samples were
washed with water for 15 hours at 323 K.

The degree of swelling of the hydrogels (the
ratio of water weight in the hydrogel sample to the
polymers weight in the hydrogel sample) was
determined by gravimetric method a 293 K in
digtilled water and was caculated according to the
method [14].

The sorption of novocaine and lidocaine from
their aqueous solutions by polyacrylamide and
combined hydrogels was carried out as follows: 1.
Hydrogel samples were washed and dried to water
content of 85 %; then they were placed in eightfold
(relative to hydrogel) excess of drug solution (no-
vocaine concentration was within 0.001-0.005 g/I,
lidocaine concentration was 0.02-0.5 g/l); 2. The
change in the drugs concentration was controlled by
sampling the solution and measuring the optical
density on a UV spectrophotometer “ SPECORD-
M40" (Germany) (for novocaine Amax = 290 nm, for
lidocaine Amax = 262 nm); 3. Quantitative
evaluation of the drug content in solution was
performed using the calibration dependences of the
optical density of novocaine or lidocaine solution on
its concentration.

Desorption of novocaine and lidocaine from
polyacrylamide and combined hydrogels saturated
with agueous solutions of drugs to a given degree of
swelling and their content of 2 %, was carried out as
follows. 1. Samples were placed in eightfold excess
of water; 2. After a certain time the samples were
withdrawn and their optical density was measured; 3.
Quantitative evaluation of the drug content in

solution was performed using the appropriate
calibration dependence and the percentage of the
drug remained in the hydrogel was calculated.

Results and Discussion
To study the sorption and desorption processes
polyacrylamide and combined polyacrylamide-
gelatin hydrogels were used. The hydrogel materials
(Fig. 1) were obtained a the reagents ratio and
synthesis conditions shown in Table 1 according to
the procedure described in the experimental part.

Fig. 1. Scheme of combined hydrogel formation

Table 1
Conditionsfor hydrogels synthesis
(T=343 K, pH=2, C*=14 %, t=15 hours.)

GT content

Polymersratio in Gel-

No. fraction,
hydrogel, o
PNHA | PAA | GT % 0
1 1 1 0 0 90
2. 1 0.7 0.3 21 80
3. 1 0.6 0.4 4.2 72
4. 1 0 1 7 56
5. 1 0.8 0.2 1.4 67
6. 1 0.2 0.8 5.6 68

* Total concentration of polymers.

The presence of methylol groups which are
active in condensation reactions in the poly-N-
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(hydroxymethyl) acrylamide structure makes it
possible to use this compound as an effective
multicenter cross-linking agent for the synthesis of
three-dimensional hydrogels based on
polyacrylamide.

Moreover, in this case there is ample
opportunity to regulate the chemica nature of the
hydrogel polymer framework through the grafting of
fragments and macromolecules of another nature.
The use of gelatin as a prepolymer in the synthesis of
combined polyacrylamide-gelatin hydrogels alters
their structure and properties compared to
polyacrylamide hydrogels.

It is obvious from Fig. 2 that the introduction
of gelatin increases the rate of swelling compared to
polyacrylamide synthesized wunder the same
conditions. With increasing gelatin content from 2.1
to 42% in the hydrogel sample, the degree of
swelling increases by 30% (6 hours of swelling).
The maximum swelling (Synex) Of these samples
determined after 7 days shows that the
polyacrylamide hydrogel achieves a greater degree
of swelling compared to the hydrogels with gelatin
content of 2.1 % and 4.2 %, and the hydrogel with
5.6 % of gelatin was incompletely cross-linked and
dissolved for 4 days. Samples of hydrogels 1, 2, and
3 (Table 1) were used to investigate the sorption and
desorption of lidocaine and novocaine.
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Fig. 2. Swelling curves of hydrogels of different
composition: 1-hydrogel without gelatin; 2 - hydrogel
with gelatin content of 2.1 %; 3- hydrogel with gelatin
content of 4.2 %

To study the sorption and desorption processes
the following anesthetics were selected: novocaine
(procaine, 2-(diethylamino)ethyl-4-aminobenzoate)
and lidocaine (xycaine, xylocaine, 2-(diethylamino)-
N-(2,6-dimethylphenyl) acetamide). Table 2 shows
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the structural formulas and characteristics of these
substances.

As it is known [6, 15], sorption of drugs by
hydrogels is mainly studied by two methods. The
first method is that the most swollen hydrogel is
placed in the drug solution and the change in its
concentration is determined. The essence of the
second method is that the drug sorption and the
hydrogel swelling occur simultaneoudy. In this
work, the sorption of drugs from agueous solutions
was investigated by the second method.

Table 2
Substances used for sorption studies
M axi mum Molar coef-
Substance/ adsorotion ficient of
structural formula ption, extinction E,
nM
I/(molxcm)
Lidocaine
CH,
S| = |
(o]
CH3 L\CH3
Novocaine
(ﬁm
o]
/@ANV 290 12400
S 20] 3
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Fig. 3. Kinetic curves of novocaine sorption by combined
hydrogels. 1 —hydrogel without gelatin; 2 — hydrogel with
gelatin content of 2.1 %; 3 — hydrogel with gelatin content

of 4.2 %

The kinetic curves of sorption by hydrogels of
different composition of novocaine (Fig. 3) from their
agueous solutions, show the dependence of the sorption
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rate on the structure and presence of functiona groups
in the structure of the adsorbed substances. Novocaine
is adsorbed within 612 hours, and lidocaine reaches
equilibrium after 2 hours. No dependence of the
sorption rate on the gelain content in hydrogels is
observed during the sorption.

Figures 4 and 5 show the kinetic desorption
curves of lidocaine (Fig. 4) and novocaine (Fig. 5) from
hydrogels of different compositions. The hydrogels
with adsorbed novocaine and lidocaine were used to
study the desorption processes and the amount of drug
sorbed by hydrogel was taken as 100 %.
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Fig. 4. Kinetic curves of lidocaine desorption from
combined hydrogels: 1 —hydrogel without gelatin;
2 —hydrogel with gelatin content of 2.1 %; 3 — hydrogel
with gelatin content of 4.2 %

Drug release studies have shown differences
in the desorption process between lidocaine and
novaocaine.
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Fig. 5. Kinetic curves of novocaine desorption from
combined hydrogels: 1 —hydrogel without gelatin;
2 —hydrogel with gelatin content of 2.1 %
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When lidocaine is desorbed from the hydrogel,
10-20 % of the drug is released into the solution for
1 hour, and 30-40 % for 6 hours (Fig. 4). The release
of lidocaine depends on gelatin content of the
samples. With increasing gelatin concentration from
2.1 to 4.2 %, the difference in lidocaine release is
8-10 %, however, this effect is not observed with
further increase in gelatin content in the samples.
The maximum release of lidocaine (70-80 % of its
initial content in the hydrogel) occurs after 24 hours.

When novocaine is desorbed, 10-15% are
released for 1 hour, 20-25% for 6 hours (Fig. 5).
The retardation of novocaine desorption is
apparently due to the presence of a primary amino
group in the novocaine structure capable to bind with
free methylol groups of poly-N-(hydroxymethyl)
acrylamide. Thisis also a reason that after 24 hours
the novocaine release is only 30-35 % of its initia
content in the hydrogel.

Conclusions

The study of drugs sorption by combined
hydrogels proceeds with different rates depending on
the structure and the presence of functional groupsin
the structure of the adsorbed substances.

The release of drugs from hydrogel polymeric
matrix takes a long time, which will ensure
prolonged delivery of drugs.

Thus, varying the composition and structure of
the hydrogels, it is possible to create transdermal
systems of prolonged delivery of therapeutic drugs
of different nature.

References

1. Chai, Q., Jiao, Y, Yu, X.. (2017). Hydrogels for
biomedical applications: their characteristics and the
mechanisms behind them. Gels, 3(6), 1-15.

2. Hennink, W., Van Nostrum, C. (2012). Novel
crosslinking methods to design hydrogels. Advanced Drug
Delivery Reviews, 64, 223-236.

3. Sdiktar, D. (2012). Designing cell-compatible
hydrogels for biomedical applications. Science, 336
(6085), 1124-1128.

4. Hamidi, M., Azadi, A., Rafie, P. (2008).
Hydrogel nanoparticles in drug delivery. Advanced Drug
Delivery Reviews, 60, 1638-1649.

5. Vasilev, A. E., Krasnyuk, I. I., Ravikumar, S.
(2001). Transdermalnyie terapevticheskie sistemyi
dostavki lekarstvennyih veschestv. Himiko-

farmatsevticheskiy zhurnal, 35(11), 29-42.

6. Samchenko, Yu. M., Pasamurtseva, N. A., Ulberg Z. R.
(2007). Diffuziya lekarstvennyih preparatov iz gidrogelevyih
nanoresktorov. Dopovidi NAN Ukrayini, 6, 143-148.



O. V. Maikovych, N. G. Nosova, O. Yu. Bordenyuk, N. V. Fihurka, S. M. Varvarenko

7. Seking, Y., Moritani, Y., Fukazawa, T. |., Sasaki, Y.,
Akiyoshi, K. (2012). A hybrid hydrogel biomaterial by
nanogel engineering: bottom-up design with nanogel and
liposome building blocks to develop a multidrug delivery
system. Advanced healthcare materials, 1(6), 722-728.

8. Wen Zhao, Jin Xing, Cong Yang, Liu Yuying,
Fu Jun. (2013). Degradable natural polymer hydrogels for
articular cartilage tissue engineering. Journal of Chemical
Technology & Biotechnology, 88(3), 327-339.

9. Naahidi, S., Jafari, M., Logan, M., Wang, Y.,
Yuan, Y., Bae, H.. Dixon, B, Chen, P. (2017).
Biocompatibility of hydrogel-based scaffolds for tissue
engineering applications. Biotechnology Advances, 35(5),
530-544.

10. J. Tavakoli, Y.Tang Honey. (2017). PVA
hybrid wound dressings with controlled release of
antibiotics: Structural, physico-mechanical and in vitro
biomedical studies. Materials Science and Engineering,
77, 318-325.

11. J. Ramshaw, J. Werkmeister, V. Glatteur. (1995).
Collagen based biomaterids. Biotechnal. Rev.,13, 336-382.

12. Amir K. Miri, Hossein Goodarzi, Berivan
Cecen, Shabir Hassan, Yu Shrike Zhang. (2018).
Permeability mapping of gelatin methacryloyl hydrogels.
Acta Biomaterialia,77, 38-47.

13. Nosova, N. G., Samarik, V. Ya., Varvarenko, S. M.,
Ferens, M. V., Voronovska, A. V., Nagornyak, M. I,
Homyak, S. V., Nadashkevich, Z. Ya., Voronov, S. A.
(2016). Polyacrylamide porous hydrogels — preparation
and properties Voprosyi himii i himicheskoy tehnologii,
5-6, 78-86.

14. Lavrova, |.S. (1983). Praktikum po kolloidnoy
himii. Moscow., Vyisshaya shkola.

15. Samchenko, Yu. M., Pasmurtseva, N. A.,
Ulberg, Z. R. (2010). Primenenie uf-spektroskopii dlya
izucheniya diffuzii lekarstvennyih  soedineniy iz
gidrogeley meditsinskogo. Jurnal hromatografichnogo
tovaristva,10(1), 4-24.

0. B. Maiikosuy, H. I'. HocoBa, O. 0. bopaeniok, H. B. ®irypka, C. M. BapBapenko
Hanionansuuii yaiBepcuteT “ JIbBiBChbKa MOMiTEXHIKA”,

kadenpa opranigyHoi ximii

JOCJIJIKEHHSA ITPOIECIB COPBIIII/IECOPBIII JIIKAPCbKUX PEHOBUH
KOMBIHOBAHMMMU I'l T[POTEJIAMU

Hagegeno pe3yabraTv AOCHiINKeHb II0A0 copOuii Ta aecopOuii KOMOIHOBAaHMMHU NOJiaKpHJIaAMIA-
JKeJATHHOBMMM TiAporejsiMu HOBOKaiHy Ta Jinokainy. Iloka3zano, mo copouis/aecopouis riaporeiasiMu
NMPOXOIUTH 3 Pi3HOI0 WIBHIKICTIO 3a/1€:KHO Bil OyI10BM Ta HAfABHOCTI (PpyHKUiOHATBLHUX TPyl y CTPYKTYypi
peyoBuH, o copOyiorhes. Ilin wac gocaigkenHs aecopOuii JiKapchbKUX peYOBUH 3 MOJiMepHOI MaTpuui
riIporeji0 BCTAHOBJIEHO, 110 BUBiJIbHEHHS] HOBOKAIHY Ta Jilokainy Bin0yBaeTbcst 10B0JIi TPUBAJIMI Yac, 10

MoOxe 3a0e3me4uTH iX HPOJOHIoBaHY JoctaBky. Po3podJeni rigporenesi martepiaaium MoxyTh OyTH
BUKOPHCTAHI B KOCMETOJIONII | MeIMIUHI K TPaHCAePMAJIbHI CHCTEeMHU 0CTABKH JIKiB.
KurouoBi ci1oBa: rizporeib, KoJ1areH, keJJaTUH, cOPOLisi, HOBOKAIH, JiJOKAiH.
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