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The kinetics of controlled release of medicinal substances from chitosan films has
been investigated. Correlation between values of coefficients diffusion and shares
of medicinal substance connected with a polymeric chain has been established.
It was shown that the greater proportion of the medicinal substance connected
with a polymeric chain, the lower the value of diffusion coefficients and the index
defining process of diffusion in the chitosan films, and the slower transport of
medicinal substance from a polymeric matrix.
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Introduction

Last time the considerable interest to studying of the diffusion phenomena in polymers is
observed. The reason is that the diffusion plays a primary role in such processes as dialysis,
permeability of biomembranes and tissues, prognostication of the protective properties of
polymeric coatings, etc. [1]. Studies of the diffusion of substances from polymer matrix are
also necessary in development of medicinal polymeric films with controllable release of
medicinal substances.

The aim of our study was to examine the fundamental aspects of processes of diffusion of
medicinal substance in polymeric films based on a natural polysaccharide chitosan and to
determine opportunities of monitoring of a release of medicinal preparations.

Experimental

We used a sample of chitosan (ChTS) manufactured at Bioprogress ZAO (Russia) by alkaline
deacetylation of crab chitin (degree of deacetylation ~84%) with Msq = 113 000. As the medic-
inal substance (MS) served antibiotics of the amino glycoside (kanamitsin, KM) and cefalo-
sporin series (ceftriaxone, CFT).

To form chitosan acetate film samples a 1% polymer solution in 1% acetic acid was poured
on a glass surface. An antibiotic aqueous solution was added to the chitosan solution imme-
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diately before film formation. The drug content in a film was as high as 0.01, 0.05, or
0.1 mol/mol chitosan. Throughout all experiments, the film thickness was constant and
equal to 100 pym. The film samples were subjected to isothermal annealing at 120°C for a
fixed period of time.

The kinetics of drug release under thermally controlled conditions (T = 36°C) was studied via
placement of a sample in a cell with distilled water. An antibiotic released into the aqueous
phase was recorded with a spectrophotometer at a wavelength corresponding to the maximum
of drug absorption in the UV region. The amount of drug, G;, released from the film up to time
t was estimated from the calibration curve. The time at which a constant concentration of
drug, G., was established was taken as the instant of equilibrium attainment. The weight frac-
tion of a drug capable of diffusion, a, was estimated as the ratio of the maximum amount of

the antibiotic released from a film to the amount of drug introduced in the film.

The mechanism of mass transfer was analyzed through an equation describing the kinetics

of release:

Ol =k, ()

Where G. is value of Gs at t — o, k is a constant related to the parameters of polymer-
diffusate interaction, and n is a parameter characterizing the mechanism of transport of a
low-molecular mass substance in the film. Exponent n in Eq. (1) was found from the tangent
of the slope of the In (Gy/G-)-In t dependence.

The interaction of MS with ChTS was studied by UV spectroscopy. UV spectra of all the sam-
ples were recorded in 1 cm thick quartz cuvettes relative to water with a Specord M-40 spec-

trophotometer in the range 220-350 nm.

To determine the weight fraction of a drug bound to a polymer matrix, 3, the products of the
interaction of chitosan with the antibiotic were isolated via double precipitation from a solu-
tion in acetic acid into a NaOH solution followed by washing of the precipitate with ethanol.
The precipitate was dried up to a constant weight. The content of the drug bound with the
chitosan matrix was determined by UV spectroscopy.

Results and discussion

Now the established fact that at controlled release of MS from polymeric systems diffusion

processes dominate is standard.

Figure 1 shows typical experimental curves of CFT release from chitosan films with different
drug contents. All kinetic curves level off with a clearly defined limit value corresponding to
equilibrium drug yield G...
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Fig. 1. Kinetic curves of drug release for ChTS-CFT films with CFT contents of (1) 0.01, (2) 0.05, and
(3) 0.1 mol/mol chitosan. The isothermal annealing time is 30 min.

The diffusion coefficients of low-molecular mass components in films were determined with
the use of Fick’s second law [2]:

dc d%c
6_ts = Ys 6x25 (2)

The solutions to the above equation for long (Gy/G~ > 0.5) and short (G¢/G. < 0.5) experi-
ments have dissimilar forms.

AtGy/G.<0.5 %5/, = [16D3t/mI2]°S (3a),

and, at G/G. > 0.5 5/, = 1—[8/m2exp(—n2Dyt/L2] (36),

where Gs(t) - concentration of the desorbed substance at time t and G. — Gs value at t — o,
L - thickness of the film sample.

In case of the molecular diffusion submitting to the classical equation of Fick, it is necessary
to expect equality of coefficients of D¢ = D* [3]. However, apparently from the data present-
ed in table 1, for all analyzed cases, value of diffusion coefficients calculated at an initial and
final stage of diffusion don’t coincide.

It indicates to a deviation of the mechanism of diffusion from classical type and allows as-
suming the so-called pseudo-normal mechanism of diffusion of MS from a chitosan matrix.

The type of the kinetic curves constructed in coordinates of G,/G. — t'/? also testifies to pseu-
do-normal type of diffusion of MS. In case of simple diffusion, the dependence of release of
MS from film samples in coordinates Gy/G- - t"> would have to be straightened at all times of
experiment. However, the linear site is observed only on Gy/G~ < 0.5 then the rate of release
of an antibiotic significantly decreases.
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Table 1. Parameters of MC desorption from chitosan films

. Drug concen- . . .
Film o Annealing | Ds2*10', D5*10,
. tration in film, | . . n a
composition time, min | cm?/sec cm?/sec
mol/mol ChTS
30 27.80 2.25 0.32 0.96
1:0.01 60 26.70 2.02 0.26 0.91
ChTS-KM 120 24.50 1.90 0.24 0.89
1:0.05 30 26.60 1.97 0.20 0.84
1:0.1 30 25.80 1.63 0.17 0.75
30 94.70 8.35 0.40 0.95
1:0.01 60 88.90 6.83 0.38 0.93
ChTS-CFT 120 82.30 6.10 0.33 0.92
1:0.05 30 68.80 6.93 0.33 0.91
1:0.1 30 52.10 6.01 0.30 0.90

Table 2. Mass fraction B of an antibiotic in the reaction adducts obtained from 1% acetic acid

Antibiotic MS concentration in 8
a film, mol/mol ChTS

KM 1.00 0.58
0.10 0.26
0.05 0.19
0.01 0.05

CFT 1.00 0.17
0.10 0.10
0.05 0.07
0.01 0.03

At MS diffusion from films abnormally low values of the parameter n estimated on a tangent
of angle of an inclination in coordinates of In(Gs/G.) — In t take place. Increases in the drug
concentration and isothermal annealing time are accompanied by an additional decrease in
n. The change in the a value is symbate to that of n.

All the specific features inherent in the anomalous (non-Fick) diffusion are well described in
terms of the relaxation model [4]. In contrast to the Fick diffusion, in which an instantane-
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ous attainment of the surface concentration of the sorbate and its change is assumed, the
relaxation model presumes variation of the concentration in the surface layer (i.e., variable
boundary conditions) in accordance with the first-order equation [5]. One of the main rea-
sons causing change of boundary conditions call a non-equilibrium of the structural-
morphological organization of a polymeric matrix [4]. It is noteworthy that the anomalously
small values of n have also been observed by other researchers and attributed to the strong
interaction of the MS with the polymer [6].

The data on the fraction B of the antibiotic bound into polymeric adducts formed in acetic
acid solutions are presented in Table 2.

It can be seen that the fact that KM can “cross-link” chitosan chains results in that in the
substantialy larger amount of the MS firmly bound macromolecules, compared with CFT.

Thus, the structural changes in the polymer matrix, including those resulting from its modi-
fication via the interaction with drugs, are most probably responsible for the deviations of
the mechanism of the mass transfer processes from the classical Fick’s mechanism.

References

1. Iordansky A. L., Shterezon A.L.. Moiseev Yu.B., Zaikov G. E.: Uspehi himii, 1979, V. XLVIII, 8,
1460.

2. CrankJ.: The Mathematics of Diffusion. Clarendon Press, Oxford 1975.
Livshic V. A., Bonarcev A. P., lordansky A. L. et. al.: Vysokomol. Soedin., 2009, 51, 7, 1251.

4. Malkin A. Yu. and Tchalykh A. E.: Diffuziya i vyazkost polimerov. Metodyi izmereniya. Himiya,
Moscow 1979.

5. Pomerantsev A. L.: dis. Metodyi nelineinogo regressionnogo analiza dlya modelirovaniya kinetiki
himicheskih I fizicheskih processov, d-ra fiz-mat. nauk. M, MSU, 2003.

6. Smotrina, T. V.: Butlerov. Soobshch., 2012, 29, 2, 101.

The article is recommended for publication by the Department of High Molecular Compounds and
General Chemical Technology of the Bashkir University (dr. chem. sciences, prof. Kulish E. L.)

I/IBY‘IEHI/IE KNMHETUKU BbICBOGO)K,Z[eHMﬂ JIEKapCTB€HHbIX BeIllleCTB

U3 XUTO3aHOBBIX IINIEHOK

A. C. IllypunuHa, M. 10. JlazauHa™

Bawxupckuti 2ocyoapcmeetHslil yHusepcumem
Poccus, Pecnybnuxka Bawkopmocman, 450076 2. Ypa, yauya 3axu Banudu, 32.

*Email: mashalazdina@mail.ru



Hoxnanel bamkupckoro yausepcuteta. 2021. Tom 6. N21

13

HccnenoBaHa KMHETUKA KOHTPOJMPYEMOTO BbICBOOOXKIEHMSI JIEKAPCTBEHHBIX Be-
IIeCTB M3 XUTO3aHOBBIX IVIEHOK. YCTaHOB/IEHAa KOppessiuus MeXAy 3HaueHUSIMU
Ko3bduumenToB nuddy3un u noneit 1eKapCTBEHHOTO BelLeCTBa, TPOYHO yrep-
>KMBaeMOJl IOIMMepHOI Liemnblo. [TokasaHo, YTO YeM GOJbliIe OIS JIEKAPCTBEHHO-
O BellecTBa, CBSI3aHHOTO C MOJMMEPHOIt 11eTblo, TeM MeHbllle 3HaueHue Ko3hdu-
1meHToB nuddy3un u nokasaresi, onpenesnsiollero mpouecc auddysun B XUTO-
3aHOBBIX IIJIEHKAaX, ¥ TeM MeJJjieHHee MPOUCXOOUT TPAaHCIOPT JIeKapCTBEHHOIO
BelleCTBa M3 MOJVMEPHO MaTPULIbI.

KnioueBble cjI0Ba: XMTO3aH, JeKaPCTBEHHOE BellecTBO, nubdy3nsi, aHOMaIbHBIA
Xapakrep.



