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Several kinds of ointments in the Japanese pharmacopeia were tested in an oscillation
rheometer and the results were analyzed by the nonlinear method proposed by Onogi.
The stress (¢) curve obtained by application of sinusoidal strain (y=7y,sinwf) was approxi-
mated by a Fourier series, and the first order function (o) was regarded as the linear
part.

A nonlinearity parameter D, was defined as the difference between observed ¢ and
d1st. Dy showed different w dependency for each ointment, and seemed to be related to
the pattern of the rheogram. Ordinal viscoelastic parameters such as storage modulus (G’),
loss modulus (G”), loss tangent (tan 6), and so on were calculated from the 1st function.
The o dependencies of these parameters were also different for each ointment.

The influence of the weight fraction of solid (fs) or liquid component (1 —f5) on these
paramecters was examined for simple ointment and macrogol ointment. A bending
point was observed on the log G’ vs. fs plot, which might correspond to the occurrence of
stiff bridge structures in the vehicles. Tan ¢ of the simple ointment was found to increase,
in spite of the increase of solid component. This was presumed to be due to a greater
increase of G” than of G’.  This example shows that the increase of fs does not always result
in a relative increase of rheological elasticity.

Continuous shear measurement was performed with a Ferranti-Shirley viscometer
and several parameters were compared with those obtained by the oscillation method.
The correlation seemed to be closer when the shear rate was smaller.

Keywords white ointment; simple ointment; hydrophilic vaseline; macrogol
ointment; nonlinear viscoelastic analysis; oscillation method; storage modulus; loss
modulus; degree of nonlinearity

The rheological properties of semisolid ointments and creams are regarded as influencing
their physical stability,? sensory evaluation,® percutaneous absorption of active ingredients,
manufacturability, and many other important phenomena. Various instruments (penetro-
meter, spreadmeter, rotational viscometer) and methods (continuous shear method efc.) have
been used for evaluation, but a rather high shear rate is usually necessary, and consequently
the physical structures of samples are considered to be destroyed in the measuring procedure.
Therefore, the rheological values obtained by these methods for most semisolids are those
during or after the destruction of physical structures. Thus, different values are often observed
for even the same preparations depending on the measuring methods, the apparatus, the
history of applied shear rate, the history of storage temperature, and so on. This complexity
may be one of the causes of the problems often found in correlating rheological properties
with practical phenomena during the development or manufacture of semisolid pharma-
ceuticals.

Therefore, Barry et al. recommended measurement of the rheological properties at the
rheological ground state where the testing method does not significantly alter the physical
structure.® Indeed, some properties, such as the release of active ingredients from the vehicle,
bleeding of liquid components from the vehicle, the floatation or sedimentation of particles
in emulsion preparations, the formation of liquid crystals, and so on, are intuitively presumed
to have a closer correlation with the static state than the structurally destroyed state of vehicles.
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Thus, they frequently adopted a creep or oscillation test because the shear rates of these
methods are much smaller than those of other conventional methods.?

However, even in these methods, another troublesome problem, nonlinearity, should
be taken into consideration. Therefore, Barry or Davis restricted the measuring shear strain
to the region where linearity held good.® However, this seems to narrow the applicability
of these methods because expensive instruments are necessary and the linearity check is
troublesome.?

Onogi et al. presented a theoretical analysis of rheological nonlinearity in the oscillation
method and applied it to some suspensions and emulsions.®) Their method seemed useful for
the evaluation of some pharmaceutical semisolids. Thus we examined whether their method
was applicable to some typical ointments in the Japanese pharmacopeia (JP) such as white
ointment (WO), simple ointment (SO), hydrophilic vaseline (HV) and macrogol ointment
(MGO), and calculated ordinal viscoelastic parameters such as storage modulus (=dynamic
modulus) (G'), loss mudulus (G”'), dynamic viscosity (), and loss tangent (tan §) from the
linear region. At the same time, as the nonlinearity itself seemed to reflect some physical
features of the vehicles, we defined the degree of nonlinearity, D,,, and calculated it for each
ointment. The possible physical significance of these linear and nonlinear parameters is
discussed in terms of their dependency on  or on the raw material composition.

Theoretical

The stress (o) of a perfect elastic solid is always directly proportional to strain (y) but
independent of the rate of strain (y=dy/dl), whereas that of a Newtonian liquid is directly
proportional to y but independent of y itself. However, the stress of semisolids usually de-
pends on both y and 7, namely the materials show viscoelastic behavior. In this case, if the
ratio of ¢ to y is a function of time alone, then the material is regarded as linearly viscoelastic,
whereas if it is a function of both the stress magnitude and time, then the relationship is
regarded as nonlinear.®

In the oscillation method, the strain is applied sinusoidally, y(£) =y, sin wt, where y, and ©
are the amplitude and frequency, respectively. If the material shows linear behavior, then
o also shows a sinusoidal pattern, o(f)=0, sin(wt+9), where ¢, and ¢ are a constant and the
difference of phase, respectively. Therefore the resulting curves of o—y on X—Y plotting
should display a perfect ellipse known as the Lissajou ellipse.

The viscoelastic parameters such as G’, G, 5" can be calculated from the Markovitz equa-
tion for linear materials,” but in nonlinear cases, o(f) deviates from the sinusoidal curve
and this equation cannot be applied. Onogi et al. derived the following equation for non-
linear o(t)

a(t) = (611'7o+613'7’03)5inwt + (Gu”)’o"G13”)’03) coswt
- Gaslrossin 3wt — Gaa”)’ozCOS 3wt + ... (1)

where G,’, G,,", efc. are related to the after-effect functions.®
If the cone-and-plate type viscometer is used, then

M(t) = (2/3)zR% 1) )

where M (¢) is the torque and R is the radius of the cone-and-plate. If M(f) can be expressed
approximately by a Fourier series, then

M(t) = K3 (aq sin not + by cos nwt) (3)

where K and a, and b, are the torsion constant and the amplitudes of constituent waves.
When a, and b, are negligibly small for even #, then
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G\ = Gu' + Gi'ye* = (3Kai/27R?3)(e/4)

Gy =G’ + Gis''ro? = (3Kb1/2xR3)(e/) (4)

Gy = Gsy' = — (3Kas/2nR3)(e/A)

Gy'' = Gy'' = — (3Kbs/2xR?)(c/2)?
where 4 and ¢ are the amplitude of the input sine wave and the cone angle, respectively. The
strain amplitude can be expressed as y,=(¢/A).

When 1y, is small enough, G," and G,” can be regarded as the parameters of the linear
part of g, while G,', G;”', efc. can be regarded as parameters of the nonlinear parts.®

Experimental

Materials Four kind of ointments, MGO, SO, HV, and WO were prepared after the formulae described
in JP X. The ingredients were mixed in a mixer (T.K Agihomomixer HV-M, Tokushu Kika Kogyo Co.,
Ltd.) at 80°C for about 15 min with the homomixer set at 5000 rpm and the paddle mixer at 30 rpm. Then
they were cooled to about 55°C for 30 min and the homomixer was stopped. The cooling was continued to
room temperature with mixing by the paddle mixer for about 1 h. The ointments obtained were allowed
to stand at 25°C for more than a week to attain rheological equilibrium before the measurements. Vaseline
(VAS) and lanolin (LN) were examined as representative raw materials and were treated similarly to the
ointments.

The materials used to prepare these ointments were as follows: VAS, LN, beeswax (BW), soybean oil,
Macrogol 400, Macrogol 4000, cholesterol (CS) and stearyl alcohol (SA). These materials were obtained
from commercial sources and satisfied the requirements of JP X.1®

Rheological Measurement———1) Oscillation Method: A Shimadzu RM-1 rheometer fitted with a
cone-and-plate system was used. The temperature at the measurement unit was controlled at 25+0.1°C
by the circulation of thermostated water. Measurement conditions were as follows: frequency (), 2 X 1073 —
4.7 x 107! (rad/s); cone angle (&), 7 x 10~2 (rad); strain amplitude (1), 1.75x 10~% (rad); radius of cone-and-
plate (R), 1.5 (cm); torsion constant of wire (K), 2.22 x
108, 9.05x 10% or 2.49 x 107 (dyn-cm/rad). The wire was
chosen according to the viscosity of samples.

2) Continuous Shear Method: A Ferranti-Shirley
625 cone-and-plate viscometer was used as follows: sweep

time, 1 min; shear rate, 0—625 (s~!). The apparent
viscosity (P) at =120 571 (9,5,) and at y=625 s=! (1),
and the static yield value (SY V) (dyn/cm?) were obtained
on the up curve as shown in Fig. 1.0

Computation Method The signals of the stress
were amplified and drawn on the recorder. The distance,
I (cm), from the center of the stress curve was read at 36
equal intervals in one cycle (0—2x). Then, multiplying I

N by the amplifying constant of the recorder (f) (rad/cm),
v the torsion angle I’ (rad) could be obtained. Here, I'(?)
120} Lo corresponds to M(#)/K in Eq. (3). The regression of I’(?)

to a Fourier series was performed and the coefficients a,
= and b, were obtained by use of the MATH PAC program
0 SYV (Hewlett Packard).

For example, in the case of WO at w=0.0116 (rad/s),

Shear stress(dyn/cm?) a, and b, were calculated as 5.51x10~* (rad) and

8.25x 10-* (rad) respectively, then G,” and G,” are

Fig. 1. Typical Flow Curve obtained obtained as 2.81 x 10® (dynjcm?) and 4.20 X 10® (dyn/cm?),

using the Ferranti-Shirley Cone-and- respectively, according to Eq. (4) with the apparatus

Plate Viscometer constant described above. The torsion constant K was
9.05 x 10® (dyn-cm/rad) in this case.

Shear rate(s™!)

Results and Discussion

Examination of the Applicability of Nonlinear Analysis

Onogi indicated that the following premises are necessary for their method to be appli-
cable, namely, 1) the stress waves should be approximated by a Fourier expansion without
very high harmonics and 2) the amplitude of the even harmonics should be negligibly small
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as compared with those of the odd harmonics. Therefore, we defined the extent of the devia-
tion (D,,) between the calculated wave (o, ) and the observed ones (6,,..) by equation (5),
and examined whether the two premises were realized.

Dov = ([ 10015, = ocar. () /([ 1500 a0) ®)

where 6 is expressed as §=w¢. The values of o, were estimated by using Eq. (2), (3), and
each a, and b, value obtained as described above.

Ocal., n=t = (@1 sind + bicos) x 3K/2zR?
Geal., n2 = Ocal., n-1 + (@25in260 + bscos28) x 3K/2nR? (6)
Ocal., n=3 = Ocal,, n=2 + (a3sin36 + bscos36) x 3K/2nR?

Consequently, all the ¢ curves were found to satisfy the permises and their method could
therefore be applied. Table I shows, as examples, the calculated a, and b, values, and how
the D,, values were improved for WO and MGO at w==0.0116 (rad/s). In these cases, D,
values were large at the first approximation (239, for WO and 169%, for MGO), and decreased
with odd » numbers but seldom changed with even n. It was also found that D,, was reduced
to within a few percent with 5th order approximation. In Fig. 2a, the calculated wave
(n=>5) and the experimental one for WO are compared as an example. At the same time, the

TaBLe I. The Improvement of D, Values with Harmonic Number (#)

WO MGO
" Doy anx10* bpx10* G'x10-3 G”"x1072 Doy anx10* b,x10* G'x107% G”"x10-3
{rad) (dyn/cm?) (rad) (dyn/cm?)

1st .233 5.51 8.25 2.81 4.20 .156 1.07 6.55 0.55 3.34
2nd .233 —-0.17 0.24 .156 —0.02 —0.03

3rd 059 —1.95 -—1.14 8.92 5.23 065 —-0.65 —0.71 2.97 3.27
4th 059 —0.02 -—-0.04 .065 0.04 0.03

5th .018 0.48 0.31 247.0 158.0 .035 0.35 0.13 183.0 66.7

w=0.0116 (rad/s), K=9.05 x 10® (dyn-cm/rad).

Rs

I

-1 ' -1

©
A

Fig. 2. An Example of the Relation between the Observed and Calcu-
lated ¢ Values

Ointment, WO; w=0.0116 {rad/s); strain y=1y, sinwt.

(a) Open circles are observed 4 values and the line is the approximating func-
tion, Rox. (b) The lst (Roy,—), the 3rd (Roy, —--), and the 5th (Roj ---) wave
functions are shown. RS means o/oma.x and is the same as I'/I’max- The
functions are as follows: Ro =(a, sinf-+b,c080)/I’ max, Roz={assin30+ bycos3v)/
I’ nax, Rog=(a;85in50+bsc0856)/I' nax, Rosx=Ro,+Roz+Ros. Here, I'n.x
means the maximum value of observed I’ and is 8.95x10-* (rad). The values
of a, and b, are shown in Table I.
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1st, 3rd, and 5th waves are shown in Fig. 2b; the amplitude of the 1st wave was overwhelming-
ly larger than that of the 3rd or 5Hth one.

The Degree of Nonlinearity

G, and G,” can be regarded as the storage modulus and loss modulus of the linear part,
respectively, whereas G,’, G,”, ..are the parameters expressing the nonlinear parts.® These
values were calculated for the above two ointments as examples (Table I). These nonlinear
parameters were large in spite of the smaller amplitude of the nonlinear function. Thus,
the physical significance of these nonlinear parameters is rather unclear.

Kotaka et al. used [(G,2+G,/"?)/(G*+G,"?] (j=3,b) as nonlinear parameters,’® but
these also seem to be of uncertain physical significance. Therefore we defined the nonlinearity
parameter in this paper as

Dy = (J”;zlaobs. - Ulstid0>/(J.leoubs. |d0)

where a5, 1s o of the 1st approximation and has the
same meaning as g, .-y in Eq. (6).  This value
simply expresses the contribution ratio of total
nonlinearity to the stress and seems more unders-
tandable. The D,, values of the four ointments
and the two raw materials are shown in Fig. 3
together with those of JS-200H, the standard
Newtonian liquid, in the o range from 2 %1073 to
4.7x 1071 (rad/s) (Fig.3). It was shown that D,
became smaller with increase of @ in the cases
of SO, MGO, LN, and VAS. Davis measured
the viscoelasticity of several ointments in the
linear region, and mentioned that the linearity
generally improved with increase of @.%¢  Thus,
these results are in accord with theirs. However,
in the cases of HV and WO, D,, had a maximum
at w=0.05 and the linearity was good even at
Fig. 3. The o Dependency of the Non- low . This was inconsistent with Davis’s
linearity Parameter D; for Various e . . L )
Semisolid Materials at 25°C description. 1?“1. of Newtonian llq}xld was confirm-
Symbols: SO (©), HY (), WO (@), MGO ed to be negligible compared with those of the
(72, VAS (), LN (A), JS-200H ). other vehicles. These results will be discussed
later.

log w

Dynamic Viscoelastic Parameters calculated from the Linear Region

As can be seen from Fig. 3, the nonlinearity of the ointments was 309, at most, so at least
709, of the stress can be regarded as arising from the linear part.

Figure 4 shows G' (=G,") (dynfem?), ' (=G,"[w) (P), and tan §(=G,"[Gy’) calculated from
the lst wave function. The G’ values of SO, WO, and HV did not change much with w,
whereas those of MGO, VAS, and LN increased with w. The 7" values decreased with o, and
this is consistent with the results for many viscoelastic materials. The loss tangent 1s
regarded as an index of the relative contributions of liquidity and solidity to ¢. Davis
indicated that the pattern of a plot of tan § against @ may be useful for the classification
of ointment bases.®? Figure 4c suggests that the patterns of tan ¢ of the six vehicles can be
classified into 3 groups, that is, 1) decreased rapidly with o (MGO and LN), 2) scarcely
changed with « (WO and HV), and 3) reached a maximum value (5O and VAS).

If the rheological behavior can be understood in terms of a combination of dashpots and
springs (Maxwell type model), the dashpots work more cffectively at relatively smaller o,
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Fig. 4. Viscoelastic Parameters of Various Ointments calculated from the
Linear Part of ¢

The symbols are the same as in Fig. 3.

whereas the springs work more effectively at rather larger w. In such a case, tan ¢ is ex-
pected to decrease with w.  The behavior of group 1 was in accord with this expectation.
On the other hand, constant tan ¢ values mean that the G’ dependency on w is almost the
same as that of G””. The reason for the existence of the plateau as in group 2 or the maximum
values as in group 3 is not clear, but it 1s interesting that group 2 and group 3 had larger D,
values than group 1.

The Influence of the Composition of Raw Materials

In order to determine the influence of the composition of liquid and solid components,
SO and MGO were prepared with various liquid and solid compositions and their properties
were measured.

Figure 5 shows G’ and D,, of SO having various solid component weight fractions, f,,
defined as follows

fs = Ws/(Ws + Wl) (7)

where W, and W, mean the weight of solid and liquid in a vehicle, respectively. For SO,
the solid component is beeswax and the liquid phase is soybean oil.

It was found that G’ displayed similar values and @ dependency when f, was more than
0.25, but decreased abruptly when f, was below 0.20. This f; dependency was similar to
that of D,,.

Figure 6 shows the changes of G’, tan §, and D,, for SO against f, values at w=0.47
(rad/s). The values for MGO are also plotted. In this case, the solid and liquid components
were Macrogol 4000 and 400, respectively.

3
5
o 4 Beg et & 2
® 3
2 1 .
1 (o]
R —2 -1
log w

Fig. 5. The Influence of the Composition of Simple
Ointment on the Viscoelastic Behavior

The weight fractions of BW were 40% (©), 33% (®),
256% (QO), 20% (), and 10% (@).
Solid component, BW; liquid component, soybean oil.
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log G’
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log(tan &)
o 1 4
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°
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>
>
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>

—1 R

Fig. 6. The Influence of the Weight Fraction of the
Solid Component on the Viscoelastic Parameters of
SO (@) and MGO (A) at w=0.47 (rad/s)

MGO and SO both had bending points on the log G’ vs. f, plots at about f,=0.25 (Fig.
6a). This was presumed to be caused by the increase in the number of contact sites among
solid particles, so that more bridge structures are formed and the vehicles become stiffer.
When f, is less than 0.20, the liquid component can affect the rheological properties by acting
as a lubricant, but at f, above 0.25, the bridge structures may be too stiff for their
properties to change much due to a small increase of the solid component. Thus the
increase of G’ with f, is presumed to be modest when f; exceeds the value at the bending
point.

The dependency of tan 6 on f, was as expected for MGO, that is, it decreased with f,.
The decrease means that the relative increase of the elasticity (therefore solidity) was more
than that of the viscosity (that is liquidity). However, for SO, it increased with f,. The
latter result may be caused by a relatively larger increase of G'’ than of G’. These findings
mean that the solidity or liquidity assessed rheologically does not always reflect the composi-
tion of solid and liquid materials in the vehicle.

The Influence of the Various Raw Materials added to Vaseline
BW, SA, CS, and LN, which are used for the preparation of HV or WO, were added to

a b c
4
4.0}
15} g
g 5
2 g
= 90
1.0 4 A
05 1.0¢
10 20 10 20 10 20

Additives(%)
Fig. 7. The Influence of Additives on the Viscoelastic Properties of
VAS at ©=0.47 (rad/s)

Additives: LN (A), BW (O), SA (A), and CS (@).
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VAS at various weight fraction ratios and the viscoelastic parameters of the mixtures were
measured.

Figure 7 shows the changes of G’, G", and tan & with the weight fraction of additives.
Here, Rg/, means the ratio of G’ of the mixed vehicle to that of VAS alone, that is, R;'=
(G’ mixed ventcts/G vasenine) and R7” and R,,,s have similar meanings.

It was shown that G’ decreased with the addition of these solid additives at first, contrary
to expection, then increased after reaching a minimum. For 7', scarcely any secrease was
observed. The reason for the decrease of G’ was not obvious, but possibly the orientation
of the native vaseline structure is obstructed by the added materials. However, as the content
of stiff materials increases, their properties become predominant in the vehicles, and thus
G’ increases after reaching a minimum value. The existence of a maximum in R,,,; may
support this suggestion (Fig. 7c).

Discussion of the Nonlinearity of the Semisolids

Figure 8 shows examples of the ¢ curves of some ointments whose D, values were
about 0.3, 0.15, and 0.05, respectively. Here, for convenience of comparison, ¢ was expressed
in terms of R, which is defined as ¢/0may, Where o, is the maximum o value.

a b [
1 1 1
5 m am 0 /2Tr o m 2m
5 8 o 54 )
-1 -1 -1
1 = 1 1
£
Ny
v
-1 0 1 -1 0 L
Ry / Ry R;
/s o

Fig. 8. Typical Patterns of -0 and g-y Relations

a, Dy =0.3 (SO); b, Dy, =0.15 (WO); ¢, Dy =0.05 (MGO).
Each measurement was made at w=0.0116 (rad/s).

The relative shear rate R; is also plotted against R, in the lower figures, where # (rad/s)
was calculated as p=dy/dt=d(y,sinwt)/dt=wyicomt, and hence R;,=yp/wy,. Thus, the lower
figures show the ordinal rheograms, which express the relationship between shear rate and
stress. It is known that the larger the D,, values, the more the R, curves deviate from sin-
usoidal and the greater the yield value. Namely, in the case of D,=0.3, R, scarcely
changed at —1<Ry<{0, rapidly increased at 0<{R;<(0.3, and then scarcely changed at
0.3<R;<1. In the down curve of p, R, suddenly decreased at —0.3<R;<0. In this
rtheogram, the up and down curves could not be superimposed, and a hysteresis loop was
formed. This loop seemed to take the shape of a parallelogram at larger D,, values. As
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the D,, values became smaller, the yield value became less and the shape of the hysteresis
loop moved away from a parallelogram. The relation between D, and o-0 (6=wt) or ¢-y
pattern was common for all other cases. Thus, it seems possible to anticipate ¢ patterns
from the nonlinearity parameter D,,.

Semisolid vehicles can be regarded as gel-like dispersion systems where the structure
elements are dispersed in a fluid medium. The rheological behavior of these systems often
shows nonlinearity. The causes of this have been discussed by many researchers from the
viewpoint of the physical state at the micro level, and change of orientation of the
dispersed particles, deformation, shortening, adsorption of dispersed phase on particles,
immobilization, and so on, occurring under shear strain, were proposed to be involved.!®

In view of the fact that a remarkable yield value was observed for the rheogram when
D,, was large, immobilization may be one of the main causes of nonlinearity. On the other
hand, the well known fact that many kinds of semisolids reduce the viscosity or elasticity
to some extent at strong shear strain may reflect the involvement of deformation or
shortening of structures. Thus, the nonlinear behavior of the ointments may be attributable
to a complex interaction of several of the above phenomena. Thus, D,, values seem to be a
convenient parameter to express the extent of the complication of the rheological behavior of
the vehicle.

Davis et al. reported that nonlinearity was more noticeable at low o value. This was
in accord with our findings for LN, VAS, MGO,
and SO (Fig. 3), but not for WO and HV. The
reason for the former behavior may be that immo-
bilization occurred more easily because the shear
0.2} rate was small at small w, and consequently D,
might take larger values. The reason is not clear
in the latter case, but may be related to the raw
material composition of the vehicle. As WO and
0.1} X HV contain BW, CS, or SA in VAS, ointments
containing 2, 5, or 109, BW, 10 or 209, CS, or 10
or 209, SA in VAS were prepared and their D,
values were measured. The vehicle containing
10%, BW or 209, CS showed a pattern having a

Dy
>

—2 -1 maximum D, value. However all other vehicles

log @ showed a monotonous decrease, as in the case of

Fig. 9. The Appearance of Maximum 20% SA (Fig. 9). Thus, an increase of solid

Dy Values with Addition of Solid component such as BW or CS seemed to produce

Raw Materials a maximum of D,,. However, further study is

(Asfmbols: €8 10% (C)), BW 10% (@), SA 20% gece§lsary to clarify these phenomena in more
etail.

Comparison of the Oscillation Method and the Continuous Shear Method

In order to understand the rheological properties of such complicated materials as the
semisolids used here, the application of other methods and comparison of the results may be
useful. Thus, the continuous shear method with a Ierranti-Shirley cone-and-plate visco-
meter (F.S.) was applied and the results were compared with those of the dynamic methods.

Here, the following relation was assumed for convenience of comparison between the
values, y, of the parameters obtained by F.S., such as SYV, 7,5, Or 745, and G’ or 7"

y=(G"ory)

The results are summarized in Table II. The correlation coefficients (r) are rather high,
even though the results appeared visually to be somewhat scattered about the best straight
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TasLE II. The Relation between the Viscoelastic Parameters (x) and
Other Rheological Parameters (y) obtained by F.S.

G’ (dyn/cm?) 7 (P)
y
o b v o b v
SYV (dyn/cm?) 0.57 2.07 0.834 0.64 1.48 0.874
V120 (P) 0.47 0.17 0.738 0.51 —0.25 0.734
Neas (P) 0.45 —0.44 0.807 0.37 —0.41 0.799

G’, y; obtained at w=20.47 (rad/s).
The relationship between y and x was assumed to be log y=a log x-+b, and &, b, and the correlation coefficient
7 were calculated by the least-squares method.

line. The relation between G’ and
SYV and 7,y is shown in Fig. 10 as
examples. 5
From Table II, it can be seen
that « values deviate from 1 in the
SeqUENCe 7go5 >7105 >SS Y V. It can
be presumed that the physical
states at which the rheological para- 3
meters were measured become more
similar to each other as « approa- 2 3 45 2 3 45
ches 1. Therefore the sequence of log G
x1n T,able II means that as: the shear Fig. 10. The Relations between Storage Modulus G’
rate increases, the phy51cal state and the Rheological Parameters measured by the
differs more from that reflected by Other Method
the dynamic method. This result
seems reasonable.
The results shown in Table II also have practical significance because the dynamic
properties could be estimated, though roughly, by the F.S. method.

log SYV
£~

Symbols: SO (A), MGO (D), LN (A), HV (), WO (W).

Conclusion

As described above, nonlinear analysis by the oscillation method seems to be easily ap-
plicable to most semisolid pharmaceuticals. The ordinal viscoelastic parameters such as
G',G", 7', or tan 6 can be calculated from the linear part of the stress curve. These parameters
seem to account for the major part of ¢ observed by this method.

On the other hand, the extent of nonlinearity was not negligible for most ointments.
The D,, values showed that nonlinearity contributed about 309, to ¢ at the most, and may
correlate with pseudoplastic or thixotropic properties of the materials.

To clarify the physical or pharmaceutical significance of these parameters in further
detail, it will be necessary to measure many types of ointmehts (e.g. emulsion, gel, and solid
dispersed types) and to compare the results with their other properties.

Some important pharmaceutical properties such as release, crystal growth, physical
stability, and so on are intuitively presumed to have a closer correlation with the static state
than with the sheared state. We are planning further studies to investigate these relation-
ships.
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