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The approaches to the targeted regulation of the sorption properties of drug polymer films and
the rate of release of drug from the matrix are studied. Pectin was used as a polymer matrix, and
chloramphenicol and dioxidine as medicinal substances. The experiments on water sorption by pectin
films were carried out at 100% humidity under thermostatically controlled conditions (T = 25 °С).
The kinetics of drug release was studied by UV-spectroscopy. It was shown that the process of sorption of water vapor by a pectin film proceeds according to an anomalous mode, which may be associated with a delay in relaxation processes in glassy polymers. The introduction of drugs leads to a decrease in the rate of sorption, but does not affect the mode. In order to create prolonged dosage
forms, a polymer film was modified by keeping calcium chloride in solution. Modification of the polymer film led to a change in the sorption mode from anomalous to pseudo-normal and to a decrease
in the sorption rate in all studied cases. The found patterns of the sorption process were also reflected
in the diffusion of drugs from the polymer matrix. As in the study of the sorption process, in the case
of the release of drugs from the modified polymer film, the diffusion mode is pseudo-normal. An increase in the concentration of the drug ce and the modification time, as in the case of sorption of water vapor by films, is accompanied by a decrease in the rate of release of the drug substance from the
polymer matrix.
Keywords: diffusion, drug delivery, pectin, modification.

Introduction
Nowadays medicinal polymer-based forms are of
great interest for both therapy and pharmacy since they
allow us to control the medicinal drug (MD) release
from the polymeric matrix [1–7]. Such systems of MD
delivery lower the level of side effects of medicaments
and, in some cases, provide targeted delivery immediately to the disease sites [8].
By now, numerous researches have resulted in
fundamental requirements which polymer medicinal
forms should follow [9–11]. Among those are physicalchemical properties, biodegradability and biocompatibility, easiness to administer, softness and elasticity of
the pharmaceutical form, etc. With respect to these
requirements and taking into account the analysis of
literature data, we find the delivery systems based on
polysaccharides among the most promising [12–17].
Moreover, it is preferable to use natural compounds or
their derivatives since they have extra curative properties. Thus, in some cases synergism – the increase in
the pharmaceutical form activity – can be observed.
One of such polysaccharides, pectin, is a biocompatible, nontoxic, anionic natural polysaccharide extracted from cell walls of higher plants [18–21]. Due to
the presence of hydroxyl, methoxy, and carboxy groups
in a pectin molecule, it is possible to obtain a wide
range of derivatives based on pectin, which allows us
to modify such properties as solubility, hydrophobic
nature, physical-chemical, diffusion, and biological
features. The fact predetermines perspectives of its usage
as a matrix to produce medicinal film forms [22–27].

The objectives of this article is to study the techniques aimed to control sorption properties of medicinal polymer films and the rate of medicinal drug release from the matrix.
Experimental
The study object is pectin (PC) of citrus origin produced by Sigma-Aldrich with the content of galacturonic
acid exceeding 74.0%. Chloramphenicol (Ch) and Dioxidine (DO) were used as medicinal drugs.
The films were obtained by flowing the PC solution onto a Petri dish surface glass. Bidistilled
water was used as solvent. The PC concentration in
the initial solution amounted to 2 g/dl. In case of
producing drug-filled films, the MD dissolved in a
small amount of water (2 ml) was added while stirring to the PC solution immediately before films
formation. The content of the medicinal drug in the
film was 0.01 mol/mol of PC.
Experiments on water sorption by PC films were
carried out at 100% humidity under thermostated conditions (T = 25 °С). The relative quantity of water mt
absorbed by the PC film sample by the moment of time
t was determined using the gravimetric method by
soaking the film samples in desiccator in water vapor for a
definite time t and the calculated as per the formula:
mt = ∆mt/m0,
where m0 is the initial PC mass in the film, ∆mt is the
difference between the film mass at the moment of
time t and the initial PC mass in the film.
The experimental accuracy at 95% confidence interval and 5 replicates does not exceed 3%.
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To study the kinetics of the medicinal drug release, the film sample was placed into a cell with distilled water. The MD released into the water phase was
registered spectrophotometrically (using spectrophotometer Specord M-40 within the range of 220–350 nm) with
the wavelength corresponding to the maximum of the
medicinal drug absorption within the UV spectrum.
The amount of the medicinal drug released from the
film by the moment of time t was estimated using the
calibration function.
The experimental accuracy at 95% confidence interval and 5 replicates does not exceed 3%.

Besides, with the increase of the amount of the
MD added the amount of the water absorbed and the
rate of sorption decrease (Table 1).
To produce prolonged dosage forms modification
of the polymer film via keeping in calcium chloride
solution was performed. According to the literature
data, cross-linking of polymer chains occurs as in the
following scheme:

Results and discussion
Fig. 1 (curve 1) presents the curve of the water
vapor sorption by the PC film. The sorption curve’s
image is typical of unlimited swelling and the process
of water vapor sorption results in the film dissolution.

In all cases studied modification results in losing
solubility by the films and, as a result, changes in the sorption curve pattern from unlimited to a limited one (Fig. 2).

Fig 1. The kinetic curve of the water vapor sorption by films
of PC (1), pectin–Ch (2), pectin–DO (3). Content of drug in
the film is 1:0.01 mol/mol of pectin.

The analysis of the experimental data on the water
vapor sorption by the PC film within the framework of
the Ritger–Peppas equation shows that water vapor
diffusion takes place by means of the anomalous mode
(n > 0.5), which can occur due to the slowness of the
relaxation processes in glasslike polymers such as PC.
When adding MD to the polymer film, the film
remains soluble and the sorption curve does not change
significantly and has the image typical of indefinitely
swelling systems (Fig. 1, curve 2, 3). At that, index n
characterizing the sorption mode decreases but the
mechanism itself does not change (Table 1).

Fig. 2. Curves of the mass loss by the PC–LM film with the
mole ratio 1:0.01 after modification by calcium chloride for
15 (1), 30 (2) and 120 (3) min (top). Kinetic curves of the
water sorption by the PC-LM film with the mole ratio 1:0.01
after modification by calcium chloride for 15 (1), 30 (2) and
120 (3) min (bottom).

Table 1
Parameters of water vapor sorption by the pectin films
Film
composition
PC
PC–Ch
PC–DO

Drug content in the
film, mol/mol of PC
0
0.01
0.01

m∞

n

Das×1011, cm2/sec

Dbs×1011, cm2/sec

0.46
0.42
0.29

0.61
0.61
0.59

12.2
10.5
9.8

28.3
13.6
11.4

Table 2
Parameters of water vapor sorption by the pectin films after modification
Film composition

Drug content n in
the film,
mol/mol of PC

PC–LM

0.01

PC–DO

0.01

Modification time,
min

n

m∞

Das×1011, cm2/sec

Dbs×1011, cm2/sec

15
30
120
15
30
120

0.41
0.36
0.34
0.42
0.38
0.38

0.167
0.164
0.147
0.172
0.163
0.149

2.7
2.1
1.4
3.4
3.1
2.5

1.9
1.5
1.1
2.6
2.0
1.8
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At that the increase in modification time results in
the decrease in the amount of water absorbed and the
rate of sorption (Fig. 2, Table 2).
Since there is an obvious interconnection between
the processes of water sorption by polymer films and
MD transport from them (as in the water medium a
diffusion MD flow is directed from the film with the
antibiotic towards the diffusion water flow moving into
the polymer volume), the observed regularities of the
sorption process are expected to have an impact on the
characteristic features of the diffusion of medicinal
drugs – antibiotics from the polymeric matrix.
Fig. 3 presents experimental curves of MD release from medicinal polymer films. When compared,
the kinetic curves are apparently different, their pattern
differ in cases of water-soluble and water-insoluble
films the same way as in the study of the water sorption
process. When the film is water-soluble, the process of
the MD release is fast (a couple of hours) (Fig. 3, curve
1). The rate of the MD release in this case is determined by the ratio of the rates of MD diffusion from
the film and the rate of the polymeric matrix dissolution. In the case when the film is water-insoluble, the
MD diffusion is significantly slower and the kinetic
curve reaches a sharply defined limit corresponding to
the equilibrium yield of the MD (Fig. 3, curves 2–4).

Fig 3. Kinetic curves of the medicinal drug release from
PC-LM film systems in оптическая плотность – time coordinates with the time of modification 15 (1), 30 (2) and
120 (3) minutes. The mole ratio of PC–LM is 1:0.01.
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The representation of data on the MD release in
coordinates ln (Gs/G∞) – ln t allows us to calculate parameter m characterizing, in this case, the mode of the
diffusion process (Table 3). As could be expected, due
to the fact that all the films under analysis are waterinsoluble the diffusion mode in all the cases studied is
pseudonormal. The increase in the MD concentration
and modification time, as well as in the case of water
vapor sorption by the films, is accompanied by the
complementary decrease of the parameter m.
Thus, the regularities of the process of MD
transport from the polymeric matrix are the same as
those observed in the process of water vapor sorption
by the films. Indexes n and m regularly change due to
pectin transformation into the insoluble form via modification.
Conclusions
1. The process of water vapor sorption by pectin
films has been found to comply with the anomalous
diffusion mode.
2. The process of water vapor sorption by pectin
films has been showed to specify the regularities of the
medicinal drug transport from the polymer film. In all
the cases studied the index of power characterizing the
mode of the medicinal drug transport from the polymer
film changes symbasically with the change of the index
of power in the Ritger–Peppas equation characterizing
the mode of water transport into the polymer film.
3. The values of sorption equilibrium and the indexes of power defining the diffusion modes decrease
regularly with the increase in the time of the polymer
matrix modification.
4. Convenient techniques to control the film
transport properties including deliberate modification
for obtaining restrictedly swelling films have been established. The techniques make it possible to change
the rate and degree of the medicinal drug release from
the polymeric matrix directly.
Table 3

Parameters of drug diffusion from pectin films
Film composition

PC–LM

PC–DO

MD concentration in the
film,
mol/mol of PC

1:0.01

1:0.01

Modification time, min

m

Das×1011, cm2/sec

Dbs×1011, cm2/sec

15

0.42

2.1

2.5

30

0.36

1.7

1.9

120

0.31

1.3

1.1

15

0.45

2.2

8.1

30

0.35

1.9

7.8

120

0.31

1.5

5.6
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Изучены подходы к целенаправленному регулированию сорбционных свойств
лекарственных полимерных пленок и скорости высвобождения лекарственных веществ из матрицы. Было показано, что процесс сорбции паров воды пленкой пектина
проходит по аномальному режиму. Введение лекарственных веществ приводит к
уменьшению скорости сорбции, но не сказывается на режиме процесса. С целью создания пролонгированных лекарственных форм проводилась модификация полимерной пленки путем выдерживания в растворе хлорида кальция. Модификация полимерной пленки привела к смене режима сорбции с аномального на псевдонормальный и к уменьшению скорости сорбции во всех изученных случаях. Найденные закономерности процесса сорбции нашли свое отражение и в особенностях диффузии лекарственных препаратов – антибиотиков из полимерной матрицы.
Ключевые слова: диффузия, доставка лекарственных средств, пектин, модификация.
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