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Influence of Excipients on the Structural
and Mechanical Properties of Semisolid
Dosage Forms
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Abstract

Context: In the scientific article presents data are presented on investigation of the influence of nonaqueous solvents
such as propylene glycol, polyethylene oxide-400 (PEO-400) and glycerin on the structural, and mechanical
properties of the emulsion and gel coagulation systems. The regularity of the structural viscosity changes of the
systems studied from concentrations of propylene glycol, PEO-400, glycerol, and combinations therecof have been
determined. Aim: The aim of the work is to study the effect of propylene glycol, PEO-400, and glycerol on the
rheological (structural and mechanical) properties of soft dosage forms. Materials and Methods: The objects of
research were concentrated (creamy) 1 kind emulsion systems and gel formulations. Three series of samples were
prepared. All samples were subjected to rheological studies on rheoviscometer “RheolabQC” of company Anton
Paar (Austria). Results: It has been found that glycerol in an amount up to 5% increases the viscoplastic properties
of emulsion systems, at its concentration above 5% there is a decrease in these properties. Propylene glycol and
PEO-400 at a concentration of 5%, on the contrary, lower viscoelastic properties of emulsion systems, at their
concentrations from 5% to 15% there is an increase in the structural viscosity of the concentrated emulsion and at
a concentration of more than 15% the systems thin. At the introduction of propylene glycol and PEO-400 in the gel
coagulation system in concentrations of up to 30%, viscoplastic properties increase slightly. Increasing the amount
of these substances to 60% in a different degree affects the structural viscosity of the gel system, so propylene
glycol in the concentration of 60% reduces structural viscosity from 34.9 to 19.4 Pas at shear rate of 10.4 Pa, and
introduction of 60% PEO-400 - 4.8 Pa-s at the same shear rate. Combining these substances in the formulation
leads to potentiating each other’s action. Conclusions: Introduction of propylene glycol, PEO-400 and glycerol to
soft medicinal forms allows varying their viscoelastic properties. It should be outlined that the ability to modify
the thixotropic properties of both the emulsion and gel systems are more pronounced in the PEO-400.
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INTRODUCTION of semisolids, on a number of factors.* This is a consequence
of changes in the technological instrumentation of laboratory
emisolid dosage forms are widely used in and industrial equipment, as well as the expansion of the
S variousfieldsofmedicineandcosmetology. range of auxiliaries playing an active role in the manifestation
Considered over a long period of time as of the pharmacological and pharmacokinetic properties of
formulations for topical application, mainly in ~ ointments.[”
the treatment of a number of dermatological
disorders, ointments get increasingly used
in ophthalmology, otolaryngology, surgery,
obstetrics, gynecology, proctology, and other
branches of clinical medicine." Due to
the development of structural mechanical
(rheological) and biopharmaceutical research
methods in recent years, have been explained,
some individual statements and general trends,
indicating dependence of bioavailability of
medicinal substances administered in the form

Address for correspondence:

Halina Kukhtenko, Department of Industrial Pharmacy,
National University of Pharmacy, 4, Valentinovskaya
Street, Kharkov, Ukraine.Phone: +380984004890.
E-mail: galinakukh@gmail.com

Received: 11-07-2017
Revised: 22-07-2017
Accepted: 27-07-2017

Asian Journal of Pharmaceutics ¢ Jul-Sep 2017 < 11 (3) | 575



Rheology as a science has found wide application, and its
research methods are widely used in various industries. In
the pharmaceutical industry rheological research methods
form the basis of scientific developments of composition of
soft and hard drugs such as ointments, creams, suppositories,
gels, liniments, pastes, suspensions, and emulsions, and also
allow a rational choice of optimal process parameters of
production and control safety of consumer quality throughout
shelf life. Rheological research methods make it possible
to evaluate the effect of excipients on such structural and
mechanical properties as: Strength, elasticity, plasticity, and
viscosity, which together determine the consumer properties
of medicines.!'™!”]

Semisolid formulations are coagulation (thixotropic
reversible) structures, which rheological properties depend
on the quantitative ratio of all components. In the formation
of the coagulation grid in contact between the particles there
remains very thin layer of a liquid dispersion medium, which
prevents further rapprochement of structure particles (the
action of van der Waals forces) and ensures the presence of
rheological properties. The thicker the layer of the medium,
the lower the effect of the molecular forces is, the less solid
the structure is and the more liquid-like the system will be.
Systems with coagulation structures have a low strength,
plasticity, and elasticity which together characterize the
spreadable properties of semisolids./ 82"

Formulations of soft drugs include auxiliary substances from
different groups, one of which are nonaqueous, hydrophilic
solvents such as propylene glycol (1,2-propylene glycol),
PEO-400, and glycerol having a good solvent activity for a
wide range of active pharmaceutical ingredients.['8!1921]

The aim of the work is to study the effect of propylene
glycol, polyethylene oxide-400 (PEO-400), and glycerol on
the rheological (structural and mechanical) properties of soft
dosage forms.

MATERIALS AND METHODS

The objects of research were concentrated (creamy) 1 kind
emulsion systems and gel formulations.3 series of samples
were prepared. First line — Vaseline oil (10 %) based
emulsion, stabilized with emulsifying wax (mixture of
potassium salts of phosphoric acid esters with higher fatty
alcohols of the same fraction, hydrophilic-lipophilic balance
[HLB] 14.9) in an amount of 8% the dispersion medium was
water purified. In the first line varied content of propylene
glycol (5%, 10%) and glycerol (5%, 10%) and a combination
thereof. Line 2 was an emulsion based on Vaseline oil (15%)
stabilized with an emulsifier Lanette SX or emulsifier No. 1
(cetearyl alcohol, HLB of 7.5) — 8%, dispersion medium —
purified water. In the second line of samples varied content
of propylene glycol 5%, 10%, 15%, 20%, 25%, and PEO in
the same concentrations. Line 3 — gels based on carbomer
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980 (1.5%) neutralized with triethanolamine to pH — 5.5-
6.0. In the composition of gels varied concentrations of
propylene glycol (30%, 60%), PEO-400 (30%, 60%) and
their combination (15% and 30% each)./>!821]

Thixotropic properties of disperse systems depend on the
physicochemical (HLB, density, and viscosity) properties
of each component. HLB of propylene glycol by Davis
is 9.38 density — 1.0363 g/cm? the dynamic viscosity at
20°C — 0.056 Pa*s; HLB of glycerol — 11.28, density —
1.261 g/cm?, dynamic viscosity at 20°C — 1.261 Pa*s; HLB
of PEO-400 — 12.49, and density — 1.1-1.2 g/cm? 21821

The emulsions were prepared by phase inversion,
emulsification of samples was performed using a
homogenizer Polytron® System PT 3100 and Polytron®
System PT 2500 E produced by “Kinematica AG,”
Switzerland. All samples were subjected to rheological
studies on rheoviscometer “RheolabQC” of company Anton
Paar (Austria) with a set of coaxial cylinders C-CC27/SS.
Measurements were performed at 25°C.

RESULTS

Results of the first line samples study are shown in
Figure 1 and reflect the dependence of structural viscosity
at 25°C on the shear rate. As can be seen, the introduction
to the concentrated first kind emulsion of glycerin in an
amount of 5b% leads to an increase in the yield stress of
the system and, respectively, to 25-40b% increase in the
structural viscosity in the range of shear rates of 10-80 s™'.
At this further increase in the concentration of glycerol to
10% gives opposite effect structural viscosity is reduced
by 85-92% at the same shear rates, the system acquires a
pseudoplastic type of flow.[6-!

A propylene glycol concentration in the test weakens the
molecular cohesion of the emulsion particles, the system
becomes more flexible, reduces the resistance to the effects
of breaking force, the structural viscosity is reduced. By
combining propylene glycol with glycerol in the emulsion
to 5% of each observed the same phenomena as in the
introduction of propylene, but with less severity.

A similar analysis was performed with samples of the
second line, which had revealed certain patterns of behavior
of disperse systems [Figures 2-4]. Thus, when separately
introduced into the 15% emulsion stabilized with Lanette
SX propylene glycol and PEO-400 in an amount of 5% there
occur lowering of structural and mechanical properties of
coagulation structure. Further increasing the concentration of
those substances to 15% increases the thixotropic properties
of the emulsions, but in excess of 15% concentration
behavior of the system changes in the opposite direction,
i.e., reduction of viscoelastic properties of the system is
observed.
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Figure 1: Plots of structural viscosity of samples of the first
line against the shear rate
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Figure 2: Plots of structural viscosity of samples of the second
line against shear rate
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Figure 3: Plots of structural viscosity of samples of the second
line against shear rate

DISCUSSION

Analyzing the data obtained in the study of the gels samples
(third line) shown in Figure 5, it is seen that for all samples
typical is plastic system flow type, since structural viscosity
changes against shear rate. As can be seen, propylene glycol
and PEO-400 has a different effect on the behavior of the
gel system at deformation. Separate introduction of these
substances in the gel in an amount of 30%, makes almost
no change in its structural viscosity. But combining these
substances in the composition of gel of 15% of each leads to
an 8-10% increase in viscoplastic properties. The subsequent
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Figure 4: Dependence of second line samples structural
viscosity on the concentration of propylene glycol and
polyethylene oxide-400 at shear rate of 10.5 s' and
temperature 25°C
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Figure 5: Plots of structural viscosity of third line samples
against shear rate

increase in their concentration up to 60% in different degree
changes their structural viscosity. Thus, the introduction
of 60% propylene glycol in the gel composition leads to
a decrease in structural viscosity from 34.9 to 19.4 Pa's at
shear rate of 10.4 Pa, and the introduction of 60% PEO-400
to 4.8 Pas at the same shear rate. With their joint jurisdiction
to 30% of each the same pattern as in the 15% concentration
can be traced, i.e., 16.7% structural viscosity increase at a
shear rate of 10.4 Pa.

CONCLUSIONS

Thus, by the introduction of propylene glycol, PEO-400
and glycerol to soft medicinal forms allows varying their
viscoelastic properties. It should be outlined that the ability
to modify the thixotropic properties of both the emulsion and
gel systems are more pronounced in the PEO-400.
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