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WATER SOLUBLE POLYMERIC DRUG
FORM OF LOCAL ANESTHETIC BASED
ON POLYVINYL ALCOHOL

Abstract. The new water soluble polymeric drug form of local anesthetic novocaine
on the based synthetic polymer polyvinyl alcohol has been developed. By means equilib-
rium dialysis method the interaction of novocaine with polyvinyl alcohol was studied. The
dynamic of drug release into physiological solution was investigated. It was concluded the
possibility of the polymer application for prolongation action of novocaine.

Key words: polymeric form, local anesthetic, novocaine, polyvinyl alcohol, drug
release.

Introduction. One of perspective directions in the field of drug delivery
systems is development of complexes of drugs with various water-soluble poly-
mers. Application of such complexes allows to lower of toxic action of drugs and
also to receive long therapeutic effect. Rigid requirements of medicine (biocom-
patibility, solubility in water or physiological solution, ability to completely re-
move from organism, etc.) sharply narrow the circle of polymers used as drug
carriers. For these purposes it is considered the most expedient application of
polymers which have properties of blood substitutions [1, 2]. Among the high-
molecular compounds having such properties, the wide spreading has found
polyvinyl alcohol [3, 4].

One of the most important tasks in the field of chemistry of medico-biolo-
gical polymers is the development of polymeric forms of anesthetic drugs. The
existing arsenal of antipain drugs are small and many of them have a number of
disadvantages, namely short duration of the anesthetic and toxic effects on the
body associated with overdose of the drug. In many cases, especially in disaster
medicine, to eliminate pain syndrome it is necessary to maintain the effective
concentration of the analgesic drugs in the body for long time. A prolonged effect
can be achieved by immobilizing anesthetic drugs to macromolecular carriers [5-8].

In the present study the polymeric water soluble forms of novocaine based on
polyvinyl alcohol are described.

EXPERIMENTAL PART

Polyvinyl alcohol (PVA) were purchased from Sigma Chemicals, St.louis,
USA. Novocaine was used pharmaceutical grade.

For detailed understanding of character and nature of binding and the inter-
action between drug and macromolecules were studied by means equilibrium
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dialysis method. The release behaviour of novocaine from polymeric solutions
was examined by dialysis method in a modelling biological medium at 37°C. The
amount of drug released was determined spectrophotometrically by measuring the
absorbance maximum UV spectra were recorded on a Jasco UV-VIS (Japan)
spectrophotometer.

RESULTS AND DISCUSSION

Polyvinyl alcohol has found wide application in medicine as blood substitute,
bases for ointments, prolonger of action of many medicinal substances. The basic
advantages of this polymer are solubility in water and other solvents, absence of
toxic and allergenic action, high ability to complexation. To the purposes of pro-
longation, the polymer with molecular weight 15000-20000 was applied. That
provides long stay of polymer and binding drug in living organism.

The determining role in binding of polyvinyl alcohol with various low-
molecular substances is played hydrogen bonds and hydrophilic interactions.
Presence in structure of drug the appropriate groups capable form weak comp-
lexes with PVA, gives the basis to use this polymer for prolongation of therapeu-
tic action of drug. Interaction of drug with PVA was studied by means of various
physical and chemical methods.

UV-spectroscopic researches are shown that at mixing water solutions of
drug and polymer precise change in spectral characteristics novocaine at 202 nm
as increase of the maximum of absorption. This process proceeded in time,
increase of optical density occur within 6-8 hours. The given effect is caused
complexation of molecules novocaine with OH-group of polymer due to
formation of hydrogen bonds. Viscosimetric measurements also testified about
complexation of drug and polymer. So, the intrinsic viscosity of 0,5 % solution of
PVA at dilution water changes linearly, and at dilution the same solution of 0,5 %
solution novocaine occurs sharp increase of the given viscosity in the field of
small concentration of polymer, characteristic for polyelectrolites. The given
effect testifies to increase of the linear sizes of macromolecules result of its
association with novocaine. Measurement of viscosity of solutions at various
mole ratio of components has shown, that at the ratio close to equimolar (0,8-
0,9 mole novocaine on 1 part PVA), the sharp increase of viscosity testifying to
formation of a complex of structure 1:1.

For more detailed investigation of interaction novocaine with PVA the
method of equilibrium dialysis was used, allowing establish degree of binding
between components in solution not only qualitative, but also quantitatively.
Experiments carried out in water solution at various temperatures, using acetylcel-
lulose dividing membrane. Drug, diffused from one cell through membrane,
contacted with polymer which is taking place in other cell. Changing concen-
tration of drug in various experiments with constant concentration of PVA, quan-
titative characteristics of process of interaction (coefficient of distribution,
binding constant, thermodynamic parameters) were determined. The coefficient
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of distribution novocaine at equilibrium dialysis characterizes itself the rela-
tionship of drug amount in dialysed cell and outside solution. Constant of binding
determined according to Klotz equation [9] by the diagram of dependence 1/a
versus 1/C, where “a” is the parameter describing the share of macromolecules,
formed complex, C - concentration or unbound drug (figure). This dependence
represented a straight line which corner of inclination corresponded 1/Kc.
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Dependence on novocaine versus interaction with PVA at the temperature:
o - 25°C, 0-37°C, 0-50°C.

Values of thermodynamic parameters of interaction at various temperatures
are presented in table 1. The data indicate clearly that with increase of tempera-
ture parameters of drug the binding with PVA decrease.

Table 1 — Thermodynamic parameters of novocaine interaction with PVA

Temperature, K,-107%, Free Energy, Enthalpy, Entropy,
°C L/mole kJ/mol kJ/mol E.u.
25 414 -9,22 -5,47 12,65
37 38,2 -9,39 -4,12 15,32
50 38,1 -9,48 -3,32 18,71

Process of complex formation has exothermic character, negative values of

change testify to it enthalpy and free energy, and also positive change of entropy.
Low absolute values thermodynamic parameters indicated the prevailing value of
hydrogen bonds in process. Alongside with them existence of hydrophobic inter-
actions between components in the complex is possible.
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The release of drug from polymeric solution was investigated. Experiments
carried out at various ratio polymer:drug - from 1:1 up to 4:1. For comparison the
amount of drug, released through membrane in absence of polymer was deter-
mined. Results of investigation are presented in table 2.

Table 2 — Dynamic of novocaine release from PVA into physiological solution

Ratio Quantity released drug, %
Drug:Polymer 1h 2h 3h 4h 6h
1:0 24 45 71 82 94
11 19 35 59 74 75
1:2 14 31 53 69 79
1:3 12 28 47 65 72
14 11 25 44 61 68

Received data indicate that at the presence of polymer the diffusion of novo-
caine through membrane is reduced. So, for 8 hours at molar ratio polymer:drug =
= 1:1 preparation is diffused on 78 %, while from water solution novocaine is re-
leased on 96 %. On the basis of the received data the diagrams of logarithmic
dependence of amount released novocaine in time were drawn and constants of
rate of drug diffusion through the membrane are calculated (figure 2).
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Figure 2 — Dynamic of novocaine release from PVA solution
at different ratio polymer:drug. 0 —4:1, 0 — 2:1, A - 1:1.
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It is shown that with increase molar ratio of reagents from 1:1 up to 1:4,
the value of constant of diffusion decreases and makes 5,93; 5,61; 5,33 and
5,06-10-5 s, accordingly. Kinetic curve of diffusions show, that the greatest pro-
longing effect achieved at a ratio PVA:drug equal 1:4.

Conclusion. Thus, the investigations have shown that local anesthetic novo-
caine in water solutions forms with synthetic polymer polyvinyl alcohol the com-
plexes due to hydrogen bonds and hydrophobic interactions. Long therapeutic
action of polymeric water-soluble complexes was established. The opportunity of
creation on polyvinyl alcohol basis the injected medicinal forms prolonged the
rapeutic actions were shown.

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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Pe3rome

E. O. bamwipbexos, A. E. bopucosa, M. b. Omepsaxosa

[MOJIMBUHWJI CITUPTIHE HET'I3AEJI'EH
KEPI'UIIKTI AHECTETTUKTEPAIH CYA EPUTIH JOPUIIK TYPJIEPI

TToNMMBUHII CIIUPTIHIH CHHTETUKAIBIK MOJTUMEPiHE HETI3/Ie/ITeH HOBOKAWHHBIH JKep-
TUTIKTI aHECTETUKTEPIHIH KaHa CyJa epUTIH HOoJUMepIli Topiiik ¢opmanapsl d3ipieH/i.
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HoBokanHHIH MOJMBUHUI CIHPTIMCH €3apa OPEKeTTeCyl Tere-TCHIIK IHaan3 dIiCiMeH
3eprreini. OU3HONOTHAIBIK TY3IBl A9Pi-IopMEKTepai 00caTy MHHAMHKACHI 3E€PTTEINI.
HoBokanH ocepiH y3apTy YUIIH MOJUMEpIl KOJIIaHY MYMKIHJIT Typajibl KOPBITHIH/IBI
KacaJbl.

Tyiiin ce3mep: moauMepIiK Typiepi, XKepriliKTi aHeCTETHK, HOBOKANH, MOJHBUHIIT
CIHPTI, I9piHiH OeiHyi.

Pesome
E. O. Bamwipbekos, A. E. bopucosa, M. b. Ymepsakosa

BOJAOPACTBOPMBIE JIEKAPCTBEHHBIE ®OPMbI
MECTHOI'O AHECTETHUKA HA OCHOBE ITOJIMBUHMJIOI'O CIIMPTA

Pa3paboTaHbl HOBBIE BOJIOPACTBOPUMBIE IOJIMMEPHEIE JIeKapCTBEHHBIE (POPMBI MECT-
HOTO aHECTeTHMKa HOBOKAMHAa HAa OCHOBE CHHTETHYECKOIO MOJIMMEpa IMOJIMBUHUIIOBOTO
crupta. MeTo0M paBHOBECHOTO TUAIM3a U3YYEHO B3aMMOJCHCTBIE HOBOKAaUHA C TOJH-
BUHHUJIOBBIM CIIUPTOM. MccieoBaHa AuHAMKKA BBICBOOOXICHUS TpernapaTra B (pU3HOIIO-
rudeckuit pactop. CrenaHo 3aKiI0UeHre 0 BO3MOKHOCTH MCIIOJIb30BaHUS MOJIUMeEpa IS
MIPOJIOHTUPOBAHUS ACUCTBHSI HOBOKAWHA.

KiroueBbie cioBa: monmumepHbie POPMBI, MECTHBIN aHECTETHK, HOBOKANH, ITOJINBU-
HWJIOBBIN CIIHPT, BEICBOOOKICHUE JIEKAPCTBA.
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