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A study of consistent properties of glycerogel based on St. John’s wort tincture has been performed using 
«Rheotest-2» rotational viscosimeter. It has been revealed that the analyzed properties of glycerogel characterize 
the system as being thixotropic providing recovery of glycerogel after stress. Values of mechanical stability equal 
to 2,6 and coeffi cient of dynamic fl ow (Кd1 = 34,64 %; Кd2 = 72,58 %) is an evidence of quantitative confi rmation 
of satisfactory degree of system distribution on application on skin and mucosal surfaces as well as during techno-
logical stage of preparation. The revealed hysteresis loops are an evidence of thixotropy of studied glycerogel. This 
characterizes good spreading and extrusion properties. It also confi rms prevalence of reversible thixotropic bonds 
capable of restoration after system destruction. It is revealed that increase in temperature leads to appropriate reduc-
tion of all the consistent properties of the analyzed glycerogel. The obtained information allows make a prognosis of 
storage conditions of elaborated glycerogel based on St. John’s wort tincture.
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Rheological properties directly affect 
quality, stability, as well as therapeutical and 
consumer properties such as release of drug 
substance from ointment base, comfort and 
easiness of application, packagability and ex-
trusion from tube. The process of application 
and distribution of ointment on the skin and 
mucosal surfaces is analogous to the process 
occurring during the shear of visco-plastic ma-
terial in rotational viscosimeter, whereas spent 
effort is consistent to tension of shear charac-
terizing resistance of a material to shear defor-
mation on certain speed measured with instru-
mental methods [1, 2].

Considering the aforementioned, evalua-
tion of consistent properties is important and 
necessary part of research on creation of soft 
pharmaceutical forms [3, 4, 5].

The faculty of pharmaceutical form tech-
nology of the Tashkent Pharmaceutical In-
stitute lead a study on creation of glycerogel 
based on St. John’s wort tincture. The aim of 
the research is evaluation of consistent proper-
ties of the developed gel composition.

Materials and methods of research
For evaluation of the consistent features a gel of 

St.John’s wort tincture on hydrophilic base (sodium car-
boxymethylcellulose glycerogel) was used. This proper-
ties were studied with a «Rheotest-2» rotational visco-
simeter using a cell consisting of coaxial cylinders S/S2 
with a constant Z = 8,06. For this a batch of glycerogel 
was placed into measuring device and was kept in ther-
mostat for 30 min keeping temperature constant. Con-
sidering hot climate of the republic, three temperature 
levels were used during the study – 25, 40, 55 °С. Then 
the cylinder in the measuring device was rotated using 
twelve increasing speed of shear levels and each reading 
of indicator device was noted. Destruction of glycerogel 
structure was achieved with rotation of the cylinder on 
the maximal speed for 10 min. Then the rotation was 
stopped for 10 min and readings at each of twelve speed 
of shear level was noted on its reduction. On the basis of 
obtained results maximal tension of shear and effective 

viscosity was calculated and the rheograms of glycerogel 
fl ow were composed.

Tension of shear () was calculated as follows:
τ = Z∙α, 

where  – tension of shear, Pa; Z – cylinder constant equal 
to 8,06 Pa; α – reading of measuring device.

Effective viscosity was calculated as follows:

where  – effective viscosity, Pa∙s;  – tension of shear, 
Pa;  – gradient of shear fl ow velocity, s–1.

Mechanical stability (MS) was calculated as follows:

where 1 – limit of durability of intact structure; 2 – limit 
of durability of destructed structure.

A separate series of experiments performed quanti-
tative evaluation of glycerogel fl ow containing St.John’s 
wort tincture. During the experiments the aforementioned 
«Rheotest-2» rotational viscosimeter with cylindrical de-
vice was used and viscosity of glycerogel was determined 
using the speed consistent to the speed of spread of phar-
maceutical form on the skin surface and mucosa (shear ve-
locity 3,0 and 5,4 s–1). Also, velocity of technological pro-
cessing (shear velocity 27,0 and 145,8 s–1) was estimated 
with subsequent calculation of coeffi cient of dynamic fl ow 
of glycerogel [6]. In addition, a dynamic viscosity and its 
dependence on temperature was determined.

Results of research and their discussion
The relation of effective viscosity to shear 

velocity for glycerogel on 25, 40, 55 °С tem-
perature levels is demonstrated in Table.

The results show the increase of maximal 
tension of shear and decrease of effective vis-
cosity with increasing deformational forces. 
This suggests presence of structure in the stud-
ied sample of glycerogel.

Fig. 1 and 2 characterize change of effec-
tive viscosity logarithm (lneff) in relation to 
gradient of shear fl ow velocity () and depend-
ence of gradient of shear fl ow velocity on ten-
sion of shear () for studied glycerogel on 25, 
40, 55 °С temperature levels.
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The results of determination of maximal tension of shear and effective viscosity 
for glycerogel containing St. John’s wort tincture

Velocity 
gradient, s–1

Tension of 
shear, Pa

Effective 
viscosity, Pa∙s

Tension of 
shear, Pa

Effective vis-
cosity, Pa∙s

Tension of 
shear, Pa

Effective
 viscosity, Pa∙s

Temperature 25 °С Temperature 40 °С Temperature 55 °С
1 88,66 88,66 64,48 64,48 48,36 48,36

1,8 112,84 62,69 80,60 44,78 64,48 35,82
3 137,02 45,67 88,66 29,55 72,54 24,18

5,4 161,20 29,85 104,78 19,40 88,66 16,42
9 185,38 20,60 120,90 13,43 104,78 11,64

16,2 201,50 12,44 137,02 8,46 112,84 6,97
27 217,62 8,06 161,20 5,97 128.96 4,78 

48,6 249,86 5,14 193,44 3,98 161,20 3,32
81 282,10 3,48 225,68 2,79 185,38 2,29

145,8 322,40 2,21 265,98 1,83 233,74 1,60
243 370,76 1,53 306,28 1,26 274,04 1,13

437,4 403,00 0,92 354,64 0,81 330,46 0,76

Fig. 1. Relation of effective viscosity logarithm to velocity gradient of shear fl ow for glycerogel 
containing St. John’s wort tincture

Fig. 1 demonstrates that increase of gradient 
of shear fl ow velocity, i.e. velocity of deforma-
tion leads to reduction of viscosity of solutions 
till a certain point: ~250 s–1. Further, the graphs 
practically do not change. The increase in tem-
perature shifts the graphs to the area of smaller 
readings of viscosity.

The change of viscosity to ~250 s–1 char-
acterize destruction of primary structure of 
glycerogel in result of disruption of intermo-
lecular (intercomponent) bonds (nonchemical, 
i.e. hydrogen, ionic bonds, etc.). Stabilization 
of fl uidity (1/viscosity) at  > 300 s–1 indi-
cate establishment of intermolecular bonds 
of the level at which they do not infl uence 
system viscosity.

Fig. 2 allows estimation of hysteresis tak-
ing place in direct and indirect change of ve-
locity gradient in relation to tension of shear. 

The width of hysteresis loops is a relative esti-
mate of degree of structureforming processes 
which increase its stability [7]. The area of 
hysteresis loops narrows down with increase 
of temperature. This is determined by in-
creased thermal motion of the components, 
i.e. diminished interaction of the components 
in the sample. Meanwhile, the shift of hys-
teresis loops to the smaller values of velocity 
gradient and tension of shear determined by 
reduction of viscosity of glycerogel samples 
with increasing temperature.

Presence of hysteresis loops is an evidence 
of thixotropy in a studied glycerogel which 
characterizes good spreading and extrusion 
properties. Moreover, it can be concluded 
that reversible thixotropic bonds, which can 
reestablish after destruction of system, are pre-
vailed in the studied glycerogel.
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In the result of research a value of mechan-
ical stability is calculated to be 2,6. This also 
indicates that the studied glycerogel possesses 
high thixotropic properties and allows com-

plete restoration of the structure after applied 
tensions occurring during the technological 
process of production of current pharmaceuti-
cal form.

Fig. 2. Relation of velocity gradient of shear to tension of shear

The estimated coeffi cient of dynam-
ic fl ow of glycerogel at temperature 25 °С 
(Кd1 = 34,64 %; Кd2 = 72,58 %) is an evidence 
of quantitative confi rmation of satisfactory de-
gree of system distribution on application on 
skin and mucosal surfaces as well as during 
technological stage of preparation.

To estimate dynamic viscosity values ex-
trapolation of velocity gradient to zero was per-
formed in a separate series of experiments tak-

ing into account available data on temperature 
infl uence on consistent properties of ointments.

Fig. 3 demonstrates that increase of tempera-
ture leads to decrease of all rheological properties 
of glycerogel. For example, reduction of tempera-
ture 1,6 and 2,2 times entails decrease of dynamic 
viscosity values 1,78 and 2,39 times respectively. 
The data obtained allows to make a prognosis on 
storage conditions of elaborated pharmaceutical 
form containing St. John’s wort tincture.

Fig. 3. Relation of dynamic viscosity of glycerogel containing St. John’s wort to temperature
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