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INTRODUCT ION

The vast majority of work on pharmacesutical suspensions is
concerned with the electrical stabilization of such systems,
incorporating the OLVO theory of colloid scienca to account for
the suspensions characteristics obsarvedtl). Stabilization of
particles, produced by the adsorption of polymers at the solid-
liquid intarface, has not been extensively investigated in the
area of pharmaceutical suspensions{ It is only recently that
theorias describing this ‘steric stabilization' have beasn
introducad(Z) and these may be used only with certain restrictions

Steric stabilization has one major advantage over
elactrostatic stabilization in that it is relatively insensitive
to the presence of added electrolytes. The addition of ionic

excipients such as colourings, flavourings, buffers and

preservatives must be taken into account when formulating a
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428 RAWLINS AND KAYES

dispersion where stabilization is by electrostatic means alona.
Possible lsaching of ionic species from glass containers may
also cause unwanted changes in suspension appearance and
redispersibility. Stabilization of particles through the
adsarption of polymers avoids this problem as the steric effaect
is independant of added electrolyts and high ionic strengths are
usually required before the solution properties of nonionic
polymers are affacted.

It should be recognized that polymers or surfactants added
as thickening or wetting agents will tend to adsorb at the drug-
sclution interface and that as s result a steric stabilizing effect
will operats.

MATERIALS AND METHODS

Nonionic Pluronic surfactants LE6l, L62, L64 and F68 wers
used as received from the suppliers. Each molecule poasesses
two statistically equal ethylene oxide chains comprising 10, 20,
40 and 80% by waight of the total molecula respectively. Sample
purity was checked by an extraction procedure and NMR spectroscopy
analysis, as raported previously(S), and indicated substantial
quantitites of free polyoxyethylene compounds - particularly in
Pluronic F68. Thae sacond group of nonionic surfactants usaed
were the nonylphenylathoxylates (NPE) which are stated to possess
8, 13, 20, 30 and 35 ethylsne oxide units per molecule. NMR

analysis of the surfactants togesther with their critical micslle

concentrations is given in Table 1.
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TAHLE 1

Propertiass of Nonylphanylethoxylates

Surfactant Manufacturer Ethylenes Oxide Contunt cmc
umoles

1-1

NPE 8 I.C.I1. 8.4 51
NPE 13 I.C.I1. 12.8 71
NFE 20 I.C.I. 20.1 68
NPE 30 I.c.I. 31.7 100
NPE 35 Lankro 35.8 114

Adsorption isotherms wers determined by shaking drug powder
with the required amount of a known concentration of surfactant
saolution for 24 hours at 25°C. This was found to be ampls time
for equilibrium to be established. The initial dispersions wers
prepared by pleacing glass vials containing the dispersions in a
sonic bath {Kerry Ltd.) for two minutes. Hand shaking for a
furthar minute followed by the equilibration period gave
suspensions which were completely dispaersed when viewad under
a microscope. Filtration through well soaked 0.45 um membrane
filters allowad the equilibrium concantration to be determined
using an iodine solubilization technique(4). Dissolved drug did
not interfere with the assay procedure and adsorption onto the
glass vials and filtration assembly could not be detected.

The slectrophoretic mobilities of drug suspensions were
determined on a Rank Mk II microelsctropharesis apparatus (Rank
Bros., Bottisham, Cambridge, UK). Particles were viewed in a

flat cell via a television monitor. Mobilities wera measured at
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constant ionic strangth in ID-3 M sodium chloride solution except
whare mentioned in the text. As tha particles are large (xa>100)
{x the Debys-Huckel reciprocal length parameter, a the particle

diamater) the Smoluchowski equation (u=eg/n) (¢ the permittivity

and n the viscosity of the aqueous medium)}, may be used to
convert observed mobilities, u, to zeta potantials {. Whare
nacessary the pH was adjusted using sodium hydroxide or
hydrochloric acid solutions and in subsequent experiments where
surfactants were adsorbed on the particles, mobility measuremsnts
warg made at pH 8.0 2 0.5 corresponding to the plateau region of
the mobility-pH curves, Fig. 1.

Suspensions for stability evaluation waere prepared as for
the adsorption isotherms. In all casas 1 g of drug was used and
25 ml of surfactant solution made up in 10-2 M NaCl added. At
this ionic strength the maximum 2eta potential is -7 mV which is
insufficient to provide a significant stabilizing force.
Differsnt suspension types thergfore reflact the effact that
surfactant adsorption has on suspension stability. After three
days of standing at 25°C the appearanca and sedimentation volume
of the samples were recordad.

The Hamekar constants of tha purs surfactants were measured
using the dispersion technique of Gregory(S]. The refractive
indax, n of the compounds was datearmined using an Abbe 60

refractomater from which the compensating Amici prism had been
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FIGURE 1

The pH mobility plot of Diloxanide Furoats
B8.P. 1n 1072 1 (W) and 1073 M (M) sodium
chloride solution
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thase ths Hamakaer constant A33 was obtained.

removed to allow measurement at several wavelengths. Where the
samples were solid or semi-solid at room temperature measursment
was mads at 60°C. Mseasurements were made at five wavelengths:
589, 546, 436, 644 and 480 nm, isolated from light emitted by
sodium, mercury and cadmium discharge lamps. Linear plots were

obtained by plotting (n2'2)/(n2-1) against (frequency)2 and from

To aobtain the Hamaker constant for diloxanide furoate the

powder was first recrystallized from chloroform to praduce larger
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crystals and the refractive index of these crystals detarmined
using the Becksline mathod(SJ. This procedure involves immersing
the crystals in & fluid and altering ths refractive index of the
fluid until it matches that of the crystals. At this point no
differences are found in the optical behaviour baetween the two
matarials. No svidencs of anisotropy could be found with the
drug within the range of refractive index studied.

Programmes were written to evaluate the potsntial energy of
interaction between particles using the ICL 1804S computer at th
University of Aston in Birmingham. For the drug the attraction
betwaen semi-infinite flat plates covered with an adsorbed layer
of polymer were used. These equations take into account the

(7)

effact of alectromagnetic retardation upon VA .

RESULTS AND OISCUSSION

Adsorption isotherms of both the Pluronics and the nonyl-
phenylathoxylates were similar in shape to thoss observed for

(3.8) and could be fitted

the adsorption onto polystyrene latex
to the Langmuir equation for monolayer surface coverage. The
maximum amount of surfactant adsorbed was hawever approximately
half of that found on the latex. It has been shown that the
hydraphobicity of a silica surface has a great effect on the
amount of polyvinylslcohol adsorbedtg) and a similar variability

is found for tha adsorption of PVA onto the two surfaces used
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in the currant wnrk‘a). The same is therefore probably

applicable to the surfactants used hera.

The electrophoretic mobility of the drug shown in Fig. 1
shows a slight nat positive charge below pH 3 dues to protonation
of the substituted amide groups within the molecule. Abovae
pH 3 a rapid reversal of charge occurs until a constant negative
mobility is attained above pH 7.5. llydroxyl ion adsorption
onto the surface can give rise to this effect or alternativaly
{t may be due to the fact that the centres of the smallar
anions may approach closer to the surface than the hydratsd
cations in the manner proposed by Haydonllo).

The effect on the elsectrophorstic mobility of adsorbing the
nonionic surfactants onto the dfug surface is shown in Fig. 2 anc
demonstrates that the mability falls until a plateau region is
reachead.

These results parallel the adsorption isotherms. At low
surface coverage the adsorbed molecules lie in an axtended
configuration upon the surface and displacement of tha shear
plane away from the surface is not very great. Further
adsorption crowds the molecules together and pushes them out
from the surface until at maximum coverage thera is maximum
displacement from the surface and little change in mobility is
apparent. The dacrease observed at high concentrations is due

to viscosity effects rather than multilayer formation.
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FIGURE 2

The effect of surfactant concentration on
drug mobility

Attempts to obtain the thickness of the adsorbed layer from
the results in Fig. 2 using & previously described methnd‘ll)
were unsuccessful. Adsorbed layer thicknesses detarmined on

polystyrenae latex wars tharsefore employed.
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From all cases. when calculating the farcus of attraction
between drug particles, equations for semi-infinite flat plates
have baen used. Due to the non-sphericity of the particles
and the large surface irrsgularities, equations for spherical
particles were considered inappropriate. Use of spherical
particle equations would also lead to very large ensrgy minimum
valuas which cannot be reconciled with the exparimental svidence
that in some cases deflocculated suspunsicrnc are tormed.

In studying the mechanisms of particle aggregation, Evans
and Napper(IZ) concluded that aggregation is probatly inducad
as a result of the attraction butween the stabilizing adsorbed
layer sheaths rather than the attraction between the core
particles. This applies whars the core and sheath attractions
are of thae sams magnituda. This procedure is adopted in the

present work and calculations of the attractive potential V, are

A
performed which take into account the presence of adsorbed
layers.

Tha presence of thaess layers presents certain difficulties
in calculating the depth of the energy minimum as these equations
for VA pradict that upon contact of the adsorbed layers VA tends
to -=, In this esvent all sterically stabilized dispersions
would aggregate. To overcome this problem a faw layers of

solvent molecules are envisaged bound to the sthylene oxide

chains and this provides a cut-off point at which Vs, the steric
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term increases rapidly. This cut-off point is taken to be 0.5 nm
which corresponds to 4 molacules of watar sandwiched between the
interacting polymer layars.(la, This method of obtaining the
energy minima obviates the need to calculate Vs exactly from

the equations of Ottswill and Nalker.tz, For polyoxyethylene

chains in water the polymer-solvent interaction 1is strong.(l4)
Under such circumstances the steric term Vs, will be very strong
and hence it is justifiable to reprssent Vs by a straight line
rising nearly vertically from the VA curve at a polymer layer
separation of 0.6 nm.

Values of the Hamaksr constants of the pure materials used

are listed in Table 2 with the type of suspension that asach

adsorbed polymer produced and the dapth of the potential energy

minima.
TABLE 2
Hamaker
Material Constant Suspension Type EDepth of Potentia}z
x 10-20] nergy curve kT.nm
Water 3.78 -
Oiloxanida Furoate 5.88 - o
Pluronic L61 6.69 Aggragatad -12.48 x 10_;
Pluronic L62 6.74 " -13.15 x 10
Pluronic L64 6.81 - - 5.94 x 103
Pluronic F&8 6.97 Deflocculated - 4.80 x 10 5
NPE 8 7.00 - - 4.80 x 10_
NPE 13 6.31 - 4,23 x 10
NPE 20 6.85 . - 3.51 x 1073
NPE 30 6.79 - - 2.65 x 10_3
NPE 235 6.78 . - 2.07 x 10
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Calculations of VA at a polymar surface separation of 0.6 nm
are shown in Figure 3 for data corresponding to:
a) Hamaker constant of adsorbed laysr -4.5 x IG-ZDJ, Hamakaer
constant of core variabls.

20J. Hamaker constant of

b) Hamaker canstant of core -5.88 x 10
adsorped layer variabla.

At any ons adsorbed layer thickness the depth of the
minimum in the potantial energy curve is more strongly affected
by the Hamaker constant of the adsorbaed layer than by that of

the core. These calculations substantiate the view of Evans and

110!
6x10°2
-6x102
1nm -10'2
102 2am 5,103
c .5x10°
e —
=
103
A
103 -6x10'4
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FIGURE 3

The effect of a) particle and b) adsorbed
layer Hamaker Constant on the depth of
the primary minimum.
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Nappar that it is the attraction betwesn adscrbed layer shaaths

which is primarily responsible for the promotion of particle
aggregation,

Thae depth of the potential energy minima given in Table 2
is saen to depend on the surfactant used. The values of the
adsorbed layer Hamaker constant is dependent upon the
praportion of solvent within that layar(7) and mean surface
concaentrations are evaluated from the maximum amount of
surfactant adsorbed and from the adsorbed layer thickness.
The agrasment betwasen suspsnsion typa and the carresponding
energy minimum is reasonable if a8 value of -5 x 10-3 kT.nm-z
is taken as tha critical depth above which aggregation will not
occur. The attraction between particles is therefore dependent

upon the concentration of polymer in the adsorbed phase and

these values are given in Table 3.

TABLE 3

Mean Concg of surfactant Ethylane Oxide Concn

Surfactant in Adsorbed Phasae %%W/v in Adsorbaed Phase %wW/v
Pluronic L61 34 3
Pluronic L62 36 7
Pluronic L64 15 6
Pluronic FG68 4 3
NPE 8 22 13
NPE 13 21 15
NPE 20 18 14
NPE 30 16 13
NPE 35 16 14
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The concentrations at the interface of the Pluronics which

promote particle aggergation are higher than those whers

-deflocculated systems are obsarvad (axcapt Pluronic L64). 1In

addition, the concentration of the stabilizing ethylens oxide
chains are far less in the Pluronic serises and hence repulsive
forces due to steric interactions will not be a8 great as those
of the nonylphenylethoxylatss. Aggregation of particles coated
with adsorbed layer of Pluronics LE1, L62 and LE&4 may therefore
be dus to a combination of two mechanisms: i) high
interparticulate attraction due to high intarfacial surfactaat
concentration, (ii) insufficient steric stabilization to urevent
aggregation due to low adsorbed layer ethylene oxide

concentrations.

REFERENCES

1. B. A. Mathews and C. T. Rhodes, J. Pharm, Sci., 57, 568
(1868).

2. R. H, Ottewill and T. Walker, Kolloid -Z.u.Z. Polymere
227, 108 (1988).

3. O. A. Rawlins and J. B. Kayes, J. Pharm. Pharmacol. 30
Suppl, 50P {1878).

4. M. B. Baleaux, C.R. Acad. Sci. Paris 274, 1617 (1972),

5. J. Gregory, Adv. Colloid Interface Sci., 2, 400 (1968/70).

6, E. E. El-Hinnawi, 'Methods in Chemical and Mineral

Microscopy’ E£lsevier (18E6).

RIGHTS

i,



Drug Development and Industrial Pharmacy Downloaded from informahealthcare.com by Biblioteca Alberto Malliani on 01/20/12

For personal use only.

10.

11.

12.

13.

14.

RAWLINS AND KAYES

B. Vincent, J. Colloid Interface Sci., 42, 270 (1973).

D. A. Rawlins and J. B. Kayes, Proc. Int. Conf. on Powdsr
Technology., Basla, June (1979],

Th. F. Tadros, J. Colloid Interfsce Sci., 64, 36 (1978].
0. A. Haydon, Recent Progress in Membrane Science, 1, 147

(1964).

J. B. Kayes and 0. A. Rawlins, Colloid and Polymer Science,
257, 622 (1979).

E. Evans and D. E. Nappsr, Kolloid-Z.u.Z. Polymere, 251,
329 (1973).

H. Van Olphen, 'Introduction to Clay Colloid Sciencs’
Interscience, New York (1963).

A. T. Florence and J. A, Rogers, J. Pharm. Pharmacol.,

23, 153 (1971).

RIGHTS

i,



