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RELEASE OF ANESTHETIC DRUGS FROM HYDROGEL BASED
ON POLYHYDROXYETHYLMETHACRYLATE

Abstract. The release of anesthetic drugs from polymeric hydrogel based on poly-
hydroxyethylmethacrylate has been studied. The influence of various factors on process of
release drugs from polymeric hydrogels was described. Anesthetic, evenly dissolved in
polymeric matrix, was released in model media by the mechanism of diffusion with rate
reduction.

Keywords: release, polymeric hydrogel, polyhydroxyethylmethacrylate, lidocaine,
novocaine.

The large perspectives in the field of biotechnology are connected to poly-
meric hydrogels - the materials capable to absorb abnormal amount of water and
dissolved the low-molecular substances. Despite of rather recent history hyd-
rogels have already found wide application in various areas of biomedicine such
as eye contact lenses, cosmetic artificial limbs, hygienic and dressing means,
dental products and orthopedic materials [1-3]. Good compatibility with tissue of
living organism, high permeability for various substances, transparency, hydro-
philicity, nontoxicity are the basic advantages of hydrogels.

The wide application of hydrogels on the basis of synthetic polymer poly-
hydroxyethylmethacrylate (poly-HEMA) has received in the medicine. Polymeric
gels based on poly-HEMA have high biocompatibility, elasticity similar to
consistence to soft tissues of organism, have no antigenic and irritating properties
[4]. Research of behaviour of materials from poly-HEMA in various environ-
ments has shown that catalytic active surroundings of organism do not cause
destruction hydrogels for a long time.

The perspective and interesting field of HEMA-hydrogels application is
systems of controlled delivery of medicinal substances. Earlier we have shown
the possibility of application of such systems for treatment of infected cavities
and purulent wounds.

Purpose of the present work is the study of various factors influenced on
process of anesthetic drugs release from polymeric hydrogels based on poly-
HEMA.

EXPERIMENTAL PART

Local anesthetics lidocaine and novocaine were used pharmaceutical grade
purity. Hydroxyethylmethacrylate company "Aldrich" (USA) was used without
further purification.
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Polymeric hydrogels on a basis poly-HEMA were synthesized according to
the below-mentioned procedure. Materials in form of soft elastic plate were recei-
ved by polymerization of reacting mixture consisting from hydroxyethyl-
methacrylate (25-28 weight%), hydroxyethyldimethacrylate (1,2-2,5 %), water
(65-70 %), ammonium persulphate (0,05 %) and drug (4-5 %). Reacting mixture
was placed on Petri diches and heated at 90-100°C within 2,5 h. As result the soft
porous plate in form of disk in diameter 20-25 c¢cm and thickness 0,4-0,5 cm
containing dispersed drugs was received.

The release of drugs from polymer samples was studied under conditions in
vitro at 37°C with help of the UV-spectroscopy. Spectra were recorded in quartz
cuvette with thickness of 1 cm at spectrophotometer "Specord UV-VIS” (Japan).

RESULTS AND DISCUSSION

In order to estimate prolongation period of drugs the influence of different
factors such as immobilization method, concentration of branching agent, content
of water and drug on process of drug release from polymeric hydrogels was
investigated. It was shown that drugs could be introduced into polymeric matrix
not only during polymerization but also by way of sorbtion from water solutions.
It is established that change of drug concentration in solution does not exert
essential influence on sorbtion rate by hydrogel. At the same time, with increase
of drug concentration in solution the increase of its limiting concentration in
polymer was observed. The nature of drugs and its chemical structure rendered
the certain influence on sorbtion process. The rate of diffusion was inversely
proportional to the size of drug molecule.

The release of drugs from polymeric hydrogels in water was studied by
means of method of UV-spectroscopy. It was established that process of release
occurs on the mechanism of diffusion with reduction of rate. It was shown that
values of diffusion coefficients of drugs was not differ both at their introduction
in polymer by sorbtion and at introduction during polymerization. Drugs were not
interacted chemically with polymeric matrix and dissolved in water filling pores
of hydrogel. Typical curves of novocaine release are presented at figure 1.

The values of the diffusion coefficients of novocaine release are summarized
in the table. The rate of drug release from hydrogels can be regulated by changing
of the physical structure of polymer. With the increase of water content in poly-
HEMA the release rate of drugs increases. The most suitable to the use as the
carrier of drugs is hydrogel with the content of water from 65 up to 75 %. The
increase of the water content is higher than those limits results in deterioration of
durability and uniformity of hydrogel. The polymers consisting amount of water
less than 65 % became rigid and fragile.

The influence of concentration of branching agent on rate of diffusion of
lidocaine hydrogel was investigated. It was shown that this dependence had
extreme character (figure 2). At increase of concentration diethyl ether of di-
methacrylic acid up to the certain limit (from 1,0 up to 2,5 wt %) the diffusion
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Figure 1 — Release of novocaine from poly-HEMA hydrogels at different H,O content:
1-75,2-70,3-65%

Diffusion coefficients of novocaine release from poly-HEMA hydrogels

H,O content: (wt.%) D, - 105, cm?/s
60,0 3,4
65,0 41
70.0 42
75,0 4.4
80,0 5,8

coefficient of drug decreases. Concentration of branching agent in these limits is
optimum as it provides the optimum pore sizes within the limits of 10° - 10® cm.
The time of dosed and prolonged release of drugs achieved up to 1,5-2,0 days The
increase of concentration of branching agent higher than 2,5 wt %, resulted in
sharp increase of rate of drug diffusion from hydrogel. | this case the desorbtion
of drug occured only from surface of hydrogel. With increase of drug content in
polymer the release rate insignificantly reduces.

Medical and biologic tests of poly-HEMA hydrogel have shown that
received material did not render toxic, irritating and allergenic actions on the
organism of experimental animals (white rats, guinea pigs). Clinical tests estab-
lished that the bandage from hydrogel was antitraumatic, easily modeled to
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Figure 2 — Dependence diffusion coefficient
of lidocaine release versus concentration of branching agent

wounds, absorbs purulent liquid. Moreover, it promoted the long release of drug
into wounds resulted in their fast sanitation.

Conclusion. The researches have shown the opportunity of regulation of
drug release from hydrogels based on hydroxyethyldimethacrylate depending on
chemical compound and physical structure of polymer. The sustained drug release
from gels provides prolonged therapeutic effect. The developed polymeric ma-
terials with controlled anesthetic action have shown the high efficiency for pain
treatment.

The research was carried out according to the scientific and technical prog-
ram No. BR05234667 within the framework of program-targeted financing CS
MES RK.
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Pesome
E. O. bamwipbexos, T. K. Kymaoinos, M. 5. Omipsaxosa, A. E. bopucosa

IMMOJIMTMAPOKCUDTUIIMETAKPUJIAT HET I3IHETT
I'MAPOTI'EJIBAEPIEH AHECTETUKTEP/I BOJIY

TToNMUruaAPOKCUITHIIMETAKPUIIAT HETI3IHAeTi MOJIUMEpIiK THAPOTENBICH aHecTe-
THKTepAiH Oeuinyi 3eprreminmi. [TlonuMepstik THApOreabaeH TopITiK 3aTTapAbIH MIBITYBIHA
opTypii dakTopiapHbIH acepi kepcerinren. [Tomumep GOMBIHIA epiTeH MOPLTIK 3aT KbLI-
JIAMJBIFBIH Oasynail oTeIpbiH quddy3us MexaHn3Mi OOHBIHIIIA MOJIETIB/II OpTaFa LIBIFa/Ibl.

Tyiiin ce3gep: Oocary, monuMmepili THAPOTENb, MOIUTHAPOKCUITUIMETAKPHIIAT,
JUJ0KaWH, HOBOKAKH.

Pesrome
E. O. Bamwipbexos, T. K. /picymaounos, M. 5. Ymepsaxosa, A. E. Bopucosa

BBICBOBOX/IEHUE AHECTETHUKOB U3 TUAPOI'EJIEN
HA OCHOBE ITOJIMT'IJIPOKCUDTUJIMETAKPUJIATA

W3yyeHo BBICBOOOXIIEHHE aHECTETHKOB W3 IIOJIMMEPHBIX THIpPOTENied Ha OCHOBE
HNOJUTHAPOKCHITHIMEeTaKkpriiaTa. OnucaHo BIMsSHHE Pa3iM4HBIX (aKTOPOB Ha Mpolecce
BBICBOOOXK/ICHUS! JIEKAPCTBEHHBIX MPENapaToB U3 MOJMMEPHBIX rHiporesieid. AHECTETHK,
PaBHOMEPHO PACTBOPEHHBIH B IIOJMMEPHOW MaTpHIle, BHICBOOOXKIIAETCS B MOJEIIBHBIC
cpeabl o MexaHu3My Iuddy3un ¢ yMEeHbIIEHHEM CKOPOCTH.

KnioueBbie cji0Ba: BHICBOOOXKICHHUE, OIUMEPHBIH THPOTeIb, HOTUTHAPOKCUITHII-
METaKpHiIaT, IMA0KAauH, HOBOKAUH.
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