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I. INTRODUCTION

. Polymers are used in suspensions, emulsions, and other dispersions, primarily to mini-
mize or control sedimentation. The rheological character given to disperse systems also
plays a role in maintaining pharmaceutical preparations at their application site. For
example, highly fluid skin lotions may run, whereas viscous preparations tend to remain
in place for longer time periods. A related application is in ophthalmic preparations, for
which polymers are used to enhance drug retention.

In addition to their effect on dispersion rheology, polymers may also play a role
in determining the flocculation state of suspended particles. By virtue of their surface
activity, some polymers can directly improve emulsion stability; the ability of acacia to
function as an emulsifier is well known.

Various substances have been used over the years to build viscosity in aqueous drug
systems. Included are such familiar compounds as sucrose and other sugars, and polyols
such as glycerin. These materials suffer from two major disadvantages. They are needed
in high concentration to product significant viscosity changes, and their aqueous solu-
tions are newtonian in nature (see Chap. 5).

On the other hand, only small amounts of many polymers (depending on chemis-
try and molecular weight) are needed to bring the viscosity of an aqueous preparation
to almost any desired value. Furthermore, most polymer solutions or dispersions are
nonnewtonian; in addition to being pseudoplastic, they may exhibit a yield point or
thixotropy. These properties are advantageous in combining sedimentation resistance with
processing ease. This point is explained further in Section III.
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288 Zalz et al.

l The nonnewtonian nature of polymer solutions makes it difficult to compare the
; properties of different polymers. Viscosity is a function of shear rate and, quite often,
o shear history, so that the numerical value of viscosity that is measured is a function of

the method and conditions of measurement. Typically, manufacturers quote viscosity
| |1§ figures obtained from a single measurement at relatively high shear; this is insufficient
to characterize a nonnewtonian material, particularly since its application to sedimen-
tation control will take place under quiescent (low-shear) conditions.

As a consequence, the viscosity data provided by raw material suppliers is useful
in only a very general way. Such data can show, for example, that certain polymer
grades yield more viscous solutions than other grades made by the same manufacturer.
However, it is extremely difficult to compare data on different polymers supplied by
different manufacturers. It is not uncommon to find that two polymers, the solutions of
which have nearly the same quoted viscosity value, affect a disperse system in mark-
edly different ways.

Within a polymer family, an increase in molecular weight results in an increase in
molecular asymmetry; hence, in viscosity. Different viscosity grades, based on a dif-
ference in average molecular weight, are described in several ways. With methylcellu-
lose, the viscosity of a 2% aqueous solution measured in a standard manner is provided. i
Polyethylene glycols are described in terms of average molecular weight, whereas des-
ignations, such as low, medium, and high, are used in connection with viscosity grades
of carboxymethylcellulose.” All aqueous systems containing polymers require a preser-
vative. Many polymers of natural origin are attacked directly by microorganisms. Cel-
lulose derivatives are degraded by cellulases, enzymes that may be produced by microbial
agents, Even if the polymer chosen is totally resistant to bacteria and molds, the aque-

i ous medium may allow growth, and a preservative is still necessary.
| Certain inorganic agents are also used as viscosity builders. Examples are colloi-
i dal magnesium aluminum silicate (Veegum) and microcrystalline silica. These substances
do not support bacterial or mold growth and are relatively inert from a phys1olog1ca1
: ‘; ) standpoint.

Il. POLYMER SOLUTION RHEOLOGY

Typically, polymer solutions are nonnewtonian. The three most commonly observed
. behaviors for polymer solutions are plastic, pseudoplastic, and thixotropic. Plastic sys-
: tems flow only after a critical shear stress is exceeded (yield value). In pseudoplastic
or shear-thinning systems, the viscosity decreases with increasing rates of shear. Thix-
il otropy is the case in which a plastic or pseudoplastic system exhibits a time-dependent
il recovery, resulting in a hysteresis loop if shear stress is alternatively increased and
A decreased.

“} The type of rheological behavior, as well as the magnitude of the viscosity, is a
( critical factor determining the usefulness of a particular polymer for each potential ap-
plication. For example, pseudoplasticity, the existence of a yield point, and some de-
gree of thixotropy are useful characteristics for a polymer used as a suspending agent.
Thus, xanthan gum, which has a yield value and is highly pseudoplastic, was a more
R effective retardant of creaming in mineral oil-in-water emulsions than either methylcel-
lulose or carboxymethylcellulose [1], despite that comparisons were made at concentra-
tions yielding the same range of measured viscosity values. Thus, it is not possible to
% evaluate polymer usefulness on the basis of a single viscosity value measured under

- arbitrary conditions.
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The situation is complicated because rheological characteristics of polymer solutions
may vary, depending on the concentration and degree of substitution. For example,
solutions of medium- and high-viscosity grades of carboxymethylcellulose that are not
highly substituted tend to exhibit thixotropic behavior, whereas more highly substituted
grades are pseudoplastic.

It is sometimes advantageous to combine viscosity builders with different proper-
ties. The addition of xanthan gum to dispersions of magnesium aluminum silicate re-
duced the extent to which the viscosity of the latter increased over time [2]. Magnesium
aluminum silicate is highly thixotropic in dispersions by itself; this was reduced by the
gum. In addition, steady-shear measurements suggested synergy between the two ma-
terials in both viscosity and yield value.

Viscoelastic properties of the same materials were investigated by oscillatory shear
[3]. The storage modulus G' was essentially independent of frequency for 1 and 3% clay
dispersions containing no gum. The addition of gum shifted the behavior, and the data
for the combined materials contained some of the rheological characteristics of each of
the pure substances. The results were interpreted in terms of a reduction in structural
rigidity of the clay and an increase in flexibility. '

A recent study evaluated combinations of magnesium aluminum silicate with three
carbomers [4]. The data suggested enhancement of the structure (yield value) in com-
parison with the properties of the two substances taken separately.

Specialized applications require specific rheological characteristics. For example,
viscoelastic substances are used in eye surgery to prevent mechanical damage to sensi-
tive tissues and avoid adhesions [5]. Polymer solutions are used in cataract, corneal, and
glaucoma surgery. Among the agents employed are sodium hyaluronate, hydroxypropyl
methylcellulose and chondroitin sulfate.

Power law relations are frequently used to describe the behavior of pseudoplastic
polymer solutions. As part of a research program on natural polymer properties, the
effects of concentration and temperature on the behavior of guar gum dispersions were
evaluated [6]. A plot of the logarithm of shear rate was a linear function of the loga-
rithm of shear stress and the following equation was applied to each flow curve:

v = ac’
where

v = shear rate
o = shear stress
a and b are constants

The power constant b was directly proportional to gum concentration and inversely
related to temperature, From the data, the authors were able to formulate a single
empirical equation that permitted calculation of shear rate from shear stress, concentra-
tion, and temperature over a relatively wide range of values.

lil. SEDIMENTATION CONTROL IN DISPERSE SYSTEMS

The control of sedimentation is of primary importance in maintaining the integrity of a
disperse system. Stokes’ law [7] defines the sedimentation rate of a sphere in a fluid i
as .
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