in the degree of hysteresis. These facts suggest a substantial increase in
the cohesive forces operating between particles of the high viscosity gel
and a decrease in the level of cohesion for the low viscosity gel.
Alteration of the degree of particle-particle cohesion due to changes
in the level of particle charge was established previously (17). It was
shown that additional charge provides sufficient coulombic repulsion
to overcome the van der Waals attraction forces so that the apparent
viscosity decreases. Examination of the rates of acid neutralization by
the two aluminum hydroxycarbonate gels (Fig. 7) indicates a significant
decrease in the rate of acid neutralization of the low viscosity gel but no
appreciable change for the high viscosity gel. This behavior indicates that
crystallinity develops in the low viscosity gel, eventually leading to the
formation of a erystalline form of aluminum hydroxide such as gibbsite,
which is free of carbonate (5, 18). The transformation to a carbonate-free
aluminum hydroxide results in an increased zero point of charge (17) and,
therefore, a buildup of charge on the low-viscosity gel. Thus, the apparent
viscosity, gel structure rigidity, and resistance to water flow would be
expected to decrease as was observed. With the high viscosity gel, the
relatively stable rate of acid neutralization during the time period studied
indicates that no buildup of charge occurs so that the natural tendency
of a gel to form the most stable arrangement of particles with the maxi-
mum degree of particle-particle linking is observed. Thus, an increased
apparent viscosity, an enhanced gel structure rigidity, and a decreased
capillary conductivity are consistent with the proposed mechanism.

CONCLUSIONS

The tension cell is useful for examining the physical state of a gel,
especially when compared to other methods such as viscosity measure-
ment where large inputs of mechanical energy in the form of shear stress
may disrupt the gel structure. The tension cell is capable of providing
meaningful data with a firm basis provided by thermodynamic and ki-
netic theory. The data reported here were obtained with considerable
difficulty because of the necessity for position readjustment of the tension
cell to maintain a constant tension, the long duration of the experiments,
and the frequent tabulations of data required for the dynamic mea-
surements. Early experiments, in which adjustments to maintain a con-
stant tension during water outflow were not performed, did not produce
satisfactory data. The manual adjustment of cell position to maintain
a constant tension was essential in obtaining meaningful results. However,
some of the scatter observed in Figs. 3 and 4 may have been due to un-
avoidable mechanical disturbances of the gel structure through the
manual repositioning of the tension cell. Consequently, various methods
for automating the tension cell are being tested so that acquiring the
necessary data will be more convenient and more precise data may be

Effect of Complex Formation between

obtained.

Future experiments are planned with the tension cell to give insight
into various roles played by particle charge, size, and shape. The effects
of surface charge and particle size on the compressibility of aluminum
hydroxycarbonate gel are examined specifically in a subsequent re-
port.
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Abstract 00 The effect of ethyl myristate on the release rate of 4-hexyl-
resorcinol from petrolatum base was studied at pH 7.4 and 37°. 4-Hex-
ylresorcinol was analyzed spectrophotometrically at 278 nm. The release
rate of hexylresorcinol from the ointments was directly proportional to
the square root of time and depended on the percentage of ethyl myristate
in the ointment base. For 0, 0.5, 1, 3, and 5% of ethyl myristate, the release
rates were 29.6, 35.4, 38.3, 55.7, and 70.0 ug/hrV/2/cm?, respectively. The
solubility of hexylresorcinol in the petrolatum base was determined as
a function of ethyl myristate using partitioning techniques. The en-
hancement in hexylresorcinol solubility was rationalized on the basis of

1:1 and 1:2 complexes between hexylresorcinol and ethyl myristate. The
complexation constants of these complexes were estimated to be 10 M~!
and 206.1 M2, respectively. The diffusion coefficient of hexylresorcinol
in the petrolatum base was estimated to be 1.31 X 1078 cm?/sec.

Keyphrases O Release rate—effect of ethyl myristate on release of 4-
hexylresorcinol from petrolatum, quantitative analysis 00 Ethyl myris-
tate—effect on release rate of 4-hexylresorcinol from petrolatum,
quantitative analysis O 4-Hexylresorcinol—effect of ethyl myristate on
release rate from petrolatum, quantitative analysis

Percutaneous absorption depends on both drug release
from the vehicle and drug permeability through the skin.

0022-3549/ 81/ 0800-0939$01.00/ 0
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Drug release depends on physicochemical factors, such as
the drug’s solubility and diffusion coefficient in the vehicle.
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gable I—Composition of the Ointments Used in the Release Rate
tudy

Table II—Composition and Ratio of the Aqueous and Ointment
Layers Employed in the Partition Coefficient Determination

Percent of Ethyl Myristate

Ingredient 0.0 0.5 1.0 3.0 5.0
White petrolatum, g 10 10 10 10 10
Hexylresorcinol, mg 200 200 200 200 200
Ethyl myristate, mg — 50 100 300 500

Simplified equations describing drug release from sus-
pension (1) and solution (2) vehicles have been reported,
and numerous studies (3-10) attempted to relate vehicle
composition to the in vitro release rate. There is, however,
relatively little quantitative information correlating the
release rate with variations in physicochemical parameters
produced by a compositional change in the vehicles. This
investigation quantitatively and mechanistically examined
the effect of ethyl myristate on the release rate of 4-hex-
ylresorcinol from petrolatum.

EXPERIMENTAL

Ointment Preparation—Table I shows the amounts of hexylresor-
cinol!, ethyl myristate2, and white petrolatum? used in ointment prep-
aration, The ointments were prepared by warming hexylresorcinol and
ethyl myristate at 40° in a 20-ml beaker. White petrolatum then was

Aqueous Ethyl Myristate
Solution of White Added to White  Percent of
Hexylresorcinol,  Petrolatum, Petrolatum, Ethyl

ml g mg Myristate
20 12 — 0
30 12 60 0.5
40 12 120 1
30 6 120 2
40 6 180 3
60 6 300 5

was determined spectrophotometrically* at 278 nm using a 10-cm cell.

Partition Coefficient of Hexylresorcinol in pH 7.4 Buffer and in
White Petrolatum Containing Different Amounts of Ethyl Myris-
tate—Ethyl myristate and white petrolatum in the ratios shown in Table
IT were melted in a 200-ml beaker at 40° and were mixed thoroughly. An
aqueous buffer solution containing 200 mg of hexylresorcinol in 500 ml
of 0.1 M phosphate buffer, pH 7.4, also was prepared. Appropriate vol-
umes of the hexylresorcinol solution (Table IT) were added to the pet-
rolatum-ethyl myristate mixtures, which were sonicated for 10 min in
200-ml beakers. The beaker then was shaken at 37° for 7 days, and the
aqueous solution was filtered through a 0.45-um filter®. Five milliliters
of each filtrate was diluted to 50 ml with pH 7.4 phosphate buffer. The
hexylresorcinol concentration was determined spectrophotometrically
at 278 nm using a 10-cm cell.

The partition coefficient was calculated as follows:

(volume of aqueous layer) (absorbance change, 4y — A, in aqueous layer)

partition coefficient =

(volume of ointment) (absorbance in aqueous layer, A)

added, and the mixture was kept at 40° for 5 min until a homogeneous
fluid mixture was obtained. A 5-ml sample of the liquid mixture was
poured into a 20-ml polyethylene syringe from which the upper portion
had been removed by cutting around the barrel at the 15-ml mark. The
ointments were left in the syringe overnight at room temperature.
Release Rate Measurements—The half-syringe containing the
ointment was attached to the USP dissolution apparatus and was im-
mersed in a 60-ml glass tube containing 40 ml of 0.1 M phosphate buffer,
pH 7.4, as shown in Fig. 1. The release rate of hexylresorcinol from the
ointments was studied at 37° at a rotation speed of 50 rpm. At each
sampling interval, the entire 40 ml of the dissolution medium was taken
and replaced with 40 m! of fresh buffer. The hexylresorcinol concentration

USP dissolution
assembly

Syringe
Ointment

Cover

surface where

Container
drug releases

Dissolution
media

Figure 1—Apparatus used for the determination of release rate of
hexylresorcinol from ointment.

1 Curtin-Matheson, Cincinnati, Ohio.
2 Sigma Chemical Co.
3 Plough Inc.
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(Eq. 1)

where Ag and A are the initial and final absorbances of the solution, re-
spectively. The volume of the ointment was calculated from the density
and weight of the ointment.

RESULTS AND DISCUSSION

The release profile of hexylresorcinol from the cintments is shown in
Fig. 2 as a function of the ethyl myristate concentration. The release of
hexylresoreinol from these ointments was proportional to the square root
of time.

Higuchi (1) found that the release of drugs suspended in ointment
bases obeys the following relationship:

Q = VDt(24 - C,)C;

where @ is the amount released at time ¢ per unit area of exposure, A is
the drug concentration expressed in units per cubic centimeter, Cs is the
solubility of the drug in units per cubic centimeter in the external phase
of the ointment, and D is the diffusion constant of the drug molecule in
the external phase.

Singh et al. (11) found that the square root of time dependency also
was observed for the release of two interacting drugs incorporated in an
inert matrix. These authors found that the release of the individual
compounds in benzocaine-caffeine systems, as well as the sum of the two
compounds, followed a linear relationship with the square root of
time.

It can be shown that the release of hexylresorcinol from cintment bases
containing different amounts of ethyl myristate also follows a square root
of time dependency (see Eq. A8 under Appendix).

The exposed surface area for the release of hexylresorcinol was calcu-
lated from the diameter of the syringe (2.0 cm) to be 3.14 cm2. The release
rate of hexylresorcinol per unit area from the different ointment bases
can be calculated by dividing the slopes of the lines in Fig. 2 by 3.14 cm2,
These values are listed in Table 111 as a function of ethyl myristate. The
data indicate that the release rate of hexylresorcinol increased as the
percent of ethyl myristate in the ointment increased. Thus, it is apparent
that the enhancement in the hexylresorcinol release rate was due o the
increase in hexylresorcinol solubility.

To obtain insight into the effect of ethyl myristate on hexylresorcinol
solubility in petrolatum and on the nature of the interaction between the
two agents, the total solubility of hexylresorcinol was determined in

(Eq. 2)

4 Varian model 118.
5 Millipore Corp., Bedford, Mass.
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Figure 2—Amount of hexylresorcinol released from ointment as a
function of time'/2. The amounts of ethyl myristate in the ointment were
0(®),05(a),1(0),3(0),and5 (M) %.

petrolatum in the presence of ethyl myristate using partitioning. The
partition coefficients of hexylresorcinol between the cintment bases and
pH 7.4 buffer were calculated using Eq. 1 (Table IV and Fig. 3).

It is apparent from Fig. 3 that the partition coefficient of hexylresor-
cinol varied in a nonlinear fashion as a function of the ethyl myristate
concentration. Previously, it was shown that the partition coefficient of
hexylresorcinol between hexane containing various amounts of esters and
pH 7.4 buffer also varied in a nonlinear fashion (12). Such behavior was
rationalized on the basis of formation of 1:1 and 1:2 complexes between
hexylresorcinol and the esters in hexane.

If a similar mechanism is operative in petrolatum, then the following
relationships are valid:

HRp = HR
Scheme I
HR + EM = HR.EM
Scheme I1
HR + 2EM = HR-EM;
Scheme II1
8 -
-
2
w
O 6}
o
w
w
O
o
Z a}
9 4
L
}_
x
<
o 2}
<L/O/O
% 1 2 3 r 5

ETHYL MYRISTATE, %

Figure 3—Partition coefficient of hex_ylresorcinol between pH 7.4 buffer
solution and ointment as a function of added ethyl myristate.

Table III—Dependency of the Release Rate of Hexylresorcinol
on the Percentage of Ethyl Myristate Concentration in
Petrolatum

Ethyl Myristate, % Release Rate, ug/hr'/2/cm?

0.0 29.6
0.5 35.4
1.0 38.3
3.0 55.7
5.0 70.0

Table IV—Dependency of the Partition Coefficient of
Hexylresorcinol between pH 7.4 Buffer and Petrolatum on the
Percentage of Added Ethyl Myristate

Ethyl Myristate, % Partition Coefficient

0 1.23
0.5 1.47
1 1.73
2 3.06
3 4.72
5 8.97
_ (HR)
Po=ER); Ea-3)
_(HR)r
= HR)s (Eq. 4)
_ (HREM)
Kl:l = (HR)(E—M) (Eq 5)
_ (HREMy)
Ky = __—_(HR)(EMP (Eq. 6)
(HR)r = (HR) + (HR-EM) + (HR-EM,) (Eq.7)

where Pg and P are the partition coefficients of hexylresorcinol between
the buffer solution and the ointments without ethyl myristate and with
ethyl myristate, respectively; K11 and K2 are the complexation con-
stants of 1:1 and 1:2 complexes, respectively; and (HR), (HR)g, (HR) 7,
(HR.-EM), (HR-EMy), and (EM) are the concentrations of free hexyl-
resorcinol in the ointments, free hexylresorcinol in the buffer solution,
total hexylresorcinol in the ointments, 1:1 complex of hexylresorcinol in
the ointments, 1:2 complex of hexylresorcinol in the ointments, and free
ethyl myristate in the ointments, respectively. The combination of Egs.
3-7 results in:

2= K11(EM) + K12(EM)?

P-P
P (Eq. 8)

0

Since a very dilute aqueous sclution of hexylresorcinol was employed
in the partitioning study, the concentration of the complexes can be
considered to be small in comparison with the concentration of free ethyl
myristate. It follows that (EM) = (EM)r. Rearranging Eq. 8 results
in:

P-Pg
Po(EM)T

Table V shows the values of the left side of Eq. 9 as a function of (EM)r.
A plot of (P — Po)/Po{EM) T versus (EM) should result in a straight line
with the intercept of K.; and the slope of K1z as shown in Fig. 4. The
values of K;.; and Ky.o were 10 M~! and 206.1 M2, respectively. The
apparent solubility of hexylresorcinol in the ointment bases can be esti-
mated on the basis of the 1:1 and 1:2 complex formation from the values
of the complexation constants (K 1.1, K1.0) as follows.

= K11 + K1:2(EM)r (Eq. 9)

Table V—Relationship between Total Ethyl Myristate, (EM)p,
and (P — Py)/ P(EM) 1

(EM)7, M (P — Po)/Po(EM), M™!
0.0 X 10-2 —
1.53 X 10—2 12.88
3.07 X 1072 13.29
6.14 X 10~2 24.32
9.21 X 10~2 30.89
15.31 X 10~2 41.29
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Figure 4—Plot of (P — Py)/Po(EM) 1 versus (EM)r.
In the solubility system, (HR)7 and (HR) can be written as:
(HR)r = St
(HR) = S,

(Eq. 10)
(Eq.11)

where St and Sy are the apparent and the original solubility of hexyl-
resorcinol, respectively. Therefore, the total concentration of ethyl
myristate and St can be written as:

(EM)r = (EM) + K1.1(EM)S) + 2K 1.2.(EM)2S,
St = So + K121(EM)Sp + K1.2(EM)?S,

(Eq. 12)
(Eq. 13)

Elimination of the (EM)? form gives an equation for the concentration
of free ethyl myristate:

1

(EM) = K5, [(EM)r ~ 2(ST — So)] (Eq. 14)
The combination of Eqs. 13 and 14 gives:
K118
Sp = S+ —1150_ ~Sr ~ 8
T =St Ty, [{(EM)r — 2(ST — 89)]
K1:250
—=_ [(EM)r — 2(ST — S0)]2 (Eq.15
T=KaSoE [(EM)r - 2(ST — S0)]? (Eq. 15)

The apparent solubility of hexylresorcinol in the ointment base can be
estimated by using the determined values of K1.; and K12 and Sy, which
can be estimated as:

So =Py X Sp (Eq. 16)

where Sp is the solubility of hexylresorcinol in the buffer solution. The
results shown in Table VI strongly suggest that the apparent solubility
of hexylresorcinol in the ointment base increases in the presence of ethyl
myristate and is due to the complex formation between hexylresorcinol
and ethyl myristate.

Table VI—Apparent Solubility of Hexylresorcinol in the
Ointment Bases as a Function of Ethyl Myristate

Solubility of
Hexylresorcinol in

Ethyl Myristate, % Ointments, ug/cm?

0.680 X 103
0.801 X 102
0.987 X 103
1.479 X 103
2.121 X 103
3.753 X 108

LN OO
coocouvo

Table VII—Relationship between Added Ethyl Myristate and
\Y Cs (2A - Cc)

Ethyl Myristate, % V' Cy(24 = C,), ug/cm?

0.0 4.578 X 103
0.5 4.976 X 10?
1.0 5.488 X 103
3.0 7.894 X 103
5.0 10.203 X 10°
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Figure 5—Plot of release rate of hexylresorcinol from ointment versus
VC:(2A = Cy).

In Eq. 2, if the effective diffusion coefficient of hexylresorcinol in the
ointments is the same, then the release rate depends only on the amount
of hexylresorcinol and its apparent solubility in the ointments:

release rate = K \/C,(24 - C;)
where K is a constant expressed as /D and A is 15.748 mg/cm? on the

basis of proper dimension. The calculated values of v/C,(24 — C,) are
shown in Table VIL

Plots of the release rate versus v/C¢(24 — C;) according to Eq. 17
should result in a straight line with a zero intercept as shown in Fig. 5.
It is apparent from Fig. 5 that the enhancement in the release rate of
hexylresorcinol is due only to the increase in hexylresorcinol solubility
in the presence of ethyl myristate.

The calculated value of the effective diffusion coefficient, D, of hex-
ylresorcinol in the ointment base was estimated from the slope of the line
in Fig. 5 to be 1.31 X 1078 cm?2/sec. By using the values of D and C,, the
release rates of hexylresorcinol as a function of ethyl myristate were
calculated using Eq. 2. These data (Fig. 6) show that good agreement was
obtained between the calculated and experimental values.

{Eq. 17)

100}t

RELEASE RATE, ug/hr*%/cm?

o)
B0
C
0 2 " " N e
0 1 2 3 4 5

ETHYL MYRISTATE, %
Figure 6—Release rate of hexylresorcinol from ointment as a function
of added ethyl myristate. Key: O, experimental values; and —, calcu-
lated values.
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APPENDIX

In the diffusion layer, the following relationships are valid:

k
HR + EMZ=2HR-EM
k-1

Scheme Al
HR + EM; f(—-%-‘) HR-EM,
Schem;zAII
where k1, k_1, kg, and k_; are the rate constants for complexation. The

combination of Fick’s second law and reversible kinetic equations results
in:

d(HR) =D 92(HR)
dt ! ox?

+ k_i(HR-EM) + k_o(HR-EMy)

- ki(HR}(EM) ~ k2(HR)(EM)?
d(HR-EM) 9%(HR-EM)
= D2
dt ox2

(Eq. A1)

+ k1(HR:EM) - k_;(HR-EM) (Eq. A2)

d(HR-EM,) _. D 9?2(HR-EM,)
=0Ds

7 o + ko(HR)(EM)? — k_o(HR-EM,)

(Eq. A3)

where Dy, D, and Dj are the diffusion coefficients of HR, HR-EM, and
HR-EMy, respectively.
The mass balance equation for hexylresorcinol becomes:

(HR)7 = (HR) + (HR-EM) + (HR-EM;) (Eq. A4)
Differentiating with respect to time of Eq. A4 results in:
d(HR)r d(HR) A d(HR-EM) , d(HR-EM)
= <+ .
dt & T @ dt (Eq. A5)
The combination of Eqs. A1-A3 and A5 results in:
d(HR)r 0%(HR) 02(HR-EM) 02(HR-EM,)
=D +D +D Eq.
R ' ax? 2T o 3 on? (Eq. A6)

The diffusion coefficient of compounds is very insensitive to their
molecular weights and only varies with &/1/mol. wt.. The molecular
weights of hexylresorcinol, the 1:1 complex, and the 1:2 complex are 194,
440, and 716, respectively, and </1/mol. wt. values for the three com-
pounds are 0.173, 0.131, and 0.112, respectively. Then Dy = Dy = D3 =
D, and Eq. A6 can be rewritten as:

d(HR)r _ 92(HR)7
dt 3x?

For such a system, the concentration profiles that may exist after the
lapse of finite time can be drawn (Fig. Al).

As seen from Eqs. A1-A3 and A7 and Fig. AL, the concentration gra-
dients of (HR), (HR-EM), and (HR-EM3) do not give a straight line, but
the concentration gradient of (HR) 7 gives a straight line and Eq. A8 can
be used to calculate the release rate of hexylresorcinol in this system

(1):

(Eq. AT)

release rate = v/ DC, (24 — C,)
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