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Abstract
Rheological parameters are an important characteristic of semisolid dosage forms. Structural and mechanical characteristics 

have a noticeable effect on the processes of release and absorption of drugs from ointments, as well as on their consumer properties: 
spreadability, adhesion, the ability to squeeze out of the tubes.

The aim: to study the rheological parameters of aqueous solutions of sodium alginate in various concentrations to create 
medicinal hydrogel compositions.

Materials and methods: sodium alginate (Shandong Topsea Seaweed Industrial Co., Ltd., China) was used as a gelling 
agent. The physicochemical properties of the samples were studied according to generally accepted methods of the State Pharma-
copoeia of Ukraine. Rheological studies of experimental samples were carried out using a rotational viscometer «Rheolab QC»,  
by Anton Paar (Austria) with coaxial cylinders C-CC27/SS at a temperature 20–25 °С.

Results and discussion: the rheological profiles of sodium alginate gels have a non-Newtonian type of flow, which makes 
it possible to characterize them as systems with plastic-viscous properties. Gels with a sodium alginate concentration of 1.5–2 % 
have the best indicators of yield stress, hysteresis loop area, mechanical stability and dynamic flow coefficients. This indicates a low 
degree of destruction of the structural grid in the process of mechanical action and the presence of thixotropic bonds.

Conclusions: sodium alginate gel base at 0.5 % and 1 % concentration is less stable under stress compared to sodium alginate 
bases at 1.5 % and 2 % concentration. The gel base of sodium alginate at a concentration of 2 % has the optimal mechanical stability value.
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1. Introduction
In an integrated approach to the problem of local treatment of wounds and burns, one of the 

main places is given to treatment using semisolid pharmaceutical forms (gels, creams). The course 
of the wound process is a complex set of protective reactions of the body, the development of which 
occurs as a response to tissue damage. The body’s defense reactions are manifested in the form of 
destructive and regenerative processes in the wound area and general reactive changes of the body. 
There are many features, pathways for the course of the wound process and wound healing. However, 
therapy is determined by the phase and depth of the lesion. It is also necessary to take into account the 
peculiarities of the course of a particular wound process. This should be taken into account when de-
veloping a technology for obtaining wound dressings (applications) used in various fields of medicine.

Recently, much attention has been attracted by materials based on biopolymers, which differ from 
synthetic polymers in the absence of toxicity and biocompatibility with living systems [1–3]. Among 
biopolymers, polysaccharides are most widely used, and among them, the most widespread is alginate, 
which is an anionic polyelectrolyte. Alginates, linear anionic polysaccharides of marine brown algae, 
are widely used as gelling agents in the food industry, pharmacy, cosmetics, and biotechnology. They 
form gels in aqueous solutions with the addition of sodium salts or oppositely charged polymers [4, 5]. 

The aim of the work was a comparative study of the main rheological parameters of sodium 
alginate as a gel-former in various concentrations. The study aimed to determine the dynamic viscosity 
of alginate gels at various concentrations in solutions.
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2. Materials and methods
The objects of the study were sodium alginate made in China and hydrogels prepared on its basis. 
The polymer composition based on sodium alginate was prepared according to the me

thod, described in the State Pharmacopoeia of Ukraine [6–8]. The polymer composition consists of 
sodium alginate (powder) and distilled water. Sodium alginate solutions were prepared in concen-
trations of 0.5 %, 1 %, 1.5 % and 2.0 %. A weighed portion of the dry substance was dissolved in 
distilled water (pH 5.6–5.8). To prepare these solutions, a weighed portion of dry polymer (sodium 
alginate) in an amount of 0.13 g, 0.25 g, 0.375 g, 0.5 g, respectively was taken. Weighed the sample 
on an Electonic Balance model 6002 analytical balance with an accuracy of 0.01 g and placed in 
a volume of distilled water required to obtain a solution of the desired concentration. Then it was 
stirred with a low-speed stirrer for 10 minutes and kept for 24 hours [9–12].

Rheological studies of experimental samples were performed using a «Rheolab QC»  
rotary viscometer by Anton Paar (Austria) with coaxial cylinders C-CC27/SS at room tempera-
ture 20–25 °C. 

A weighed portion of the gel of about 17.0 (±0.5) g was placed in a container of the outer sta-
tionary cylinder, the required temperature was set, and thermostated the sample for 20 min. Using the 
software, the experimental conditions were set up: (shear rate gradient (from 0.1 to 350 s–1), the number 
of points on the curve of the sample flow (35), and the duration of measurement at each point (1 sec). 

The device allows measuring the tangential shear stress (τ) in the range of 0.5–3.0·104 Pa, 
the shear rate gradient (Dr⋅s–1) from 0.1 to 4000 s–1, viscosity (η) – from 1 up to 106 Pa·s [13–15]. 

The coefficient of dynamic flow was determined at shear rates of 4.25 and 10.3 s–1, which 
corresponds to the speed of the palm movement when distributing a semisolid dosage form on the 
skin surface and the viscosity of the system was determined at shear rates of 25.6 and 148.0 s–1 that 
modulates the speed of technological processing in the process of its manufacture. Based on these 
results, the values of the efficiency of the dynamical flow of the system were calculated according 
to the formulas:
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where Kd1, Kd2 – efficiency of dynamical flow; η – the effective viscosity at certain shear rates.
For a more complete study of gel samples, the indicators of their mechanical stability (MS) 

were calculated. It is known that the optimal value of MS is 1.
The value of MS was defined as the ratio of the value of the shear yield stress before de

struction (τ1) to the value of the shear yield stress after the destruction (τ2) by the formula:

MS =
τ
τ

1

2
.  

The study of the viscosity properties makes it possible to assess the thixotropy of systems,  
to consider the nature of hysteresis loops in the case of their manifestation in systems under defor-
mation loads, and, in general, to analyze the features of the viscous flow of the polymer composi-
tions under study [16–18].

3. Results
An integral part of semisolids development is a comprehensive rheological study of model 

bases, which allows concluding about the effect of excipients on the structural and mechanical pa-
rameters of a formulation, on which biopharmaceutical and consumer properties depend, as well as 
to rationally select the technological parameters of the manufacturing process [19–21].

In the course of the experiment, the structural and mechanical characteristics of sodium 
alginate gels prepared in various concentrations and their effect on the rheological and organoleptic 
properties of gels were investigated.
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The studied gels were prepared according to the technology described above. As a result, 
four samples of the studied gels with a concentration of 0.5 %, 1 %, 1.5 %, and 2 % were obtained, 
and the organoleptic evaluation of the samples has been carried out. The organoleptic evaluation of 
the consistency indicators of the obtained gels is presented in Table 1.

Table 1
Organoleptic evaluation of the alginate gels consistency

Concentration of sodium 
alginate in solution, % Organoleptic evaluation

0.5 % Colorless, translucent gel, uniform consistency, liquid, very slightly gelatinous, with a specific smell 
of sodium alginate, pH values – 6.0–6.8

1 % Colorless, translucent gel, uniform consistency, low viscosity, well flowing, slightly gelatinous, with 
a specific odor of sodium alginate, pH values – 6.0–6.8

1.5 % Colorless, translucent gel, uniform consistency, viscous, well gelatinous, with a specific odor of so
dium alginate, pH values – 6.0–6.8

2 % Colorless, translucent gel, uniform consistency, viscous, well gelatinous, with a specific odor of so
dium alginate, pH values – 6.0–6.8

As can be seen from Table 1, the viscosity of the samples with sodium alginate increased 
from 1.5 %, so a further increase in the concentration of the gelling agent was impractical.

It has been found that the intensity of the structuring process of alginate gels is in direct 
proportion to the concentration of the polysaccharide in the solution and is described by a linear 
equation with a high coefficient of approximation.

The nature of intermolecular interactions in the «sodium alginate-water» system is associa
ted with the course of various processes accompanying dissolution [22–24]. In solution, sodium al-
ginate can exist in the form of aggregates of different sizes with varying degrees of polymerization 
and water permeability. These factors have a significant impact on the configuration and strength 
of the formed spatial network of the polysaccharide in water, and, consequently, on the viscosity of 
the resulting colloidal system.

The next stage of the study was to investigate the effect of sodium alginate concentration on 
the rheological properties of gels.

The structure strength of the experimental samples was studied by the method of con-
tinuous, ever-increasing destruction of the structure, as a function of the shear stress. The de-
termination was carried out by increasing the number of spindle revolutions, reaching a con-
stant shear stress at the maximum number of revolutions, and then decreasing the spindle  
speed [25, 26].

According to the research data, rheograms, reflecting the dependence of the tangential shear 
stress on the rate of deformation were constructed, which were used to judge the type of flow of the 
system and the presence of thixotropic properties. When passing from low loads to high and from 
high to low loads, «ascending» and «descending» flow curves (hysteresis loops) of the samples 
under study were obtained. 

Analyzing the data in Fig. 1, all the samples under study have a non-Newtonian type of 
flow, which makes it possible to characterize them as systems with plastic-viscous properties. The 
flow of the samples does not start immediately, but after the application of the deformation stress, 
the value of which is shown in Fig. 1 and Table 2.

It is known that the presence of hysteresis loops shows that the investigated disperse systems 
possess thixotropic properties. The significant surface area of the hysteresis loop indicates a suf-
ficient degree of thixotropy of the gel bases. As shown in Fig. 1–3 gel bases with sodium alginate 
are characterized by a pseudoplastic flow type. The largest area of the hysteresis loop was in the 
sample of 2 % sodium alginate gel, which indicates the strength of the gel structure.
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We have calculated the coefficient of dynamic flow, which was determined at shear rates 
of 4.25 and 10.3 s–1. These rate data correspond to the speed of palm movement when a semisolid 
dosage form is distributed over the skin surface and the viscosities of the system at shear rates of 
26.5 and 148.0 s–1, which modulate the processing speed during its manufacturing.

Fig. 1. Curves of the shear stress dependence on the shear rate gradient

Table 2
The values of the structural viscosity and shear stress of gel samples as a function of the shear rate gradient

Sodium alginate gel
Structural viscosity (Pa·s)/shear stress (Pa) depending on the shear rate gradient s–1

4.25 10.3 26.5 148

0.5 % 0.199/0.847 0.206/2.13 0.202/5.36 0.118/17.4

1.0 % 0.883/3.76 0.894/9.22 0.605/16 0.306/45.3

1.5 % 2.7/11.5 2.18/22.5 1.58/41.8 0.678/100

2.0 % 8.07/34.3 5.99/61.8 3.97/105 1.44/214

Fig. 2. Curves of the dependence of the structural viscosity of gels on the shear rate gradient
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Fig. 3. Complete rheograms of sodium alginate gels flow

Also, one of the characteristics of the strength of the structure is mechanical stability (MS). 
MS is an indicator of the degree of destruction of the gel structure in the process of irreversible 
deformation. For a more complete study of gel samples, the indicators of its mechanical stability 
were also calculated.

The obtained data were processed and entered in Table 3.

Table 3
The values of the structural parameters of gels at a temperature of 20 °C

Sodium alginate gel
Indicators

Yield stress, Pa Hysteresis loop area, Pa/s Kd1 Kd2 MS at Kd1 MS at Kd2

0.5 % 0.070058 0.1245 3.52 41.58 0.71–1.04 0.71–1.04

1.0 % 0.49304 0.30863 1.25 49.42 1.06-1.22 1.06-1.22

1.5 % 0.23395 0.85026 19.26 57.09 1.00-1.03 1.00-1.03

2.0 % 2.4578 1.6389 25.77 63.73 1.02-1.04 1.00-1.04

It is known that the optimal MS value is 1.
As can be seen from the data in Table 3, samples 3 and 4 had rather small values of this 

indicator, which indicates an insignificant degree of destruction of the structural frame of the 
studied gels and allowed to suggest the presence of coagulation bonds in the bases, which can be 
restored after the destruction of the system. This restructuring ability is essential in the production 
of semisolids. The gel base of sodium alginate at a concentration of 1.5–2.0 % possessed the closest 
to the optimal MS value, which indicates a low degree of destruction of the structural frame during 
mechanical action and the presence of thixotropic bonds.

4. Discussion
Rheological studies in the development of new drugs make it possible to conclude on the 

effect of excipients on the physicochemical, biopharmaceutical, and consumer properties, as well 
as to rationally select the technological parameters of production.

Variations and the effect of alginate concentrations on rheological parameters were illustra
ted in Table 3 and it has been found that the index of mechanical strength (MS) decreases with  
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a decrease in the concentration of sodium alginate. At a constant increase in the shear stress, algi-
nate solutions with different concentrations demonstrated typical behaviour of the non-Newtonian 
type of flow (Fig. 3), especially in the range of higher shear rates (1–200 s–1). This behaviour 
occurs due to the alignment of the molecules in the colloidal solution. These results are fully com-
parable with the results of studies by other scientists [27, 28].

To study the phenomenon of hysteresis, which is used to determine the behaviour of polymer 
macromolecules during the transition from the rheological non-stationary phase to the rheological 
stationary phase and vice versa, aqueous alginate solutions were tested in both geometries from 
low to high shear rates, immediately after which a test from high to low was performed. Fig. 1–3 
show the hysteresis for the geometry of the «Rheolab QC» rheometer. It has been found that the 
steepness of the descending curve is higher than the steepness of the ascending one. Based on these 
results, sodium alginate gels exhibit typical anti-thixotropic behaviour.

Study limitations. Include the impossibility of simultaneous determination of both the 
yield point (in rotation) and the flow point (in oscillation). These studies allow characterizing the 
threshold shear stress, above which solid at rest material will begin to flow. This is especially im-
portant for the pharmaceutical development of semisolid dosage forms.

Prospects for further research. Oscillation studies with sodium alginate solution, which, 
in comparison with rotational tests, allow the measurement of viscoelastic solids, and the elas-
tic and viscous parts of the samples can be separated instead of measuring the overall viscosity  
function. Also, information about how the sample behaves at rest can be obtained, which allows  
a more accurate characterization of the sample without additional effort.

5. Conclusions 
Modern, objective methods for studying the properties of polymers have been used: vis-

cometry, standard, and specially developed test methods. The results obtained have shown that, in 
terms of its structural and mechanical parameters, the gel base of sodium alginate is acceptable for 
the creation of semisolid dosage forms for topical use. 

Sodium alginate gel base at 0.5 % and 1 % concentration is less stable under stress com-
pared to sodium alginate base at 1.5 % and 2 % concentration.

The gel base of sodium alginate in a concentration of 2 % possesses optimal indicators of 
mechanical stability, which determines in the future good spreadability of the finished semisolid 
dosage form, as well as its ability to extrusion.

It can be assumed that sodium alginate, together with other biopolymers (as a matrix –  
«depot» for a medicinal product) will achieve a synergistic effect and additional therapeutic action 
by increasing the biological activity.

From a technological point of view, sodium alginate is an excellent basis for creating 
multi-component hydrogel compositions.
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