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Summary

For a series of structurally related water-soluble bronchodilators namely ephedrine hydrochloride, phenylpropanolamine
hydrochloride, salbutamol sulphate, terbutaline sulphate, reproterol hydrochloride and aminophylline, the release rates from
compressed matrices of hydroxypropylmethylcellulose (HPMC) were investigated. On varying the drug tracer it was observed that
despite almost identical aqueous solubilities different drug molecules show different release rates from matrix tablets. The release
rates through HPMC matrices of different viscosity grades were found to be highly correlated (r > 0.95) with the accessible surface
area (ASA) of the drugs; indicating the importance of geometrical features like shape and size of the solute molecules in release rates
through HPMC matrices. The predictive capability of the correlations was tested for orciprenaline sulphate, outside the training
sample. The agreement between the experimental and the predicted release rates was found to be within experimental uncertainty

(+5%). The internal consistency of the quantitative relationship was established by the ‘hold-one-out’ procedure.

Introduction

One of the well-known methods of formulating
controlled-release dosage forms is by creating a
physical barrier to the release of water-soluble
drugs (Lee and Robinson, 1978). Christenson and
Dale (1962) introduced a method of incorporating
the drug in a matrix tablet of hydrophilic poly-
mers to achieve controlled release. This has at-
tracted considerable attention (Korsmeyer et al.,
1983a) and has been described by several workers
(Huber et al, 1966; Lapidus and Lordi, 1966,
1968; Huber and Christenson, 1968; Buri and
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Doelker, 1980). The drug release profiles have
been analyzed using equations that were derived
by T. Higuchi (1963) and W. Higuchi (1962) and
adapted by Lapidus and Lordi (1968). The equa-
tions have been further modified (Bamba et al.,
1979a and b; Korsmeyer and Peppas, 1983;
Korsmeyer et al., 1983a) and reviewed (Buri, 1984,
Peppas, 1985; Gander et al,, 1986a and b). The
effects of several factors related to formulation,
fabrication and physicochemical characteristics of
drugs on the release rates have been studied exten-
sively (Huber and Christenson, 1968; Lapidus and
Lordi, 1968; Salomon et al., 1979a and b;
Korsmeyer et al., 1983a and b; Daly et al., 1984,
Ford et al., 1985a and b; Baveja and Ranga Rao,
1986).
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We have been engaged in formulation of pro-
longed-release matrix tablets of certain bronchodi-
lator drugs. We have selected 6 structurally related
water-soluble bronchodilators namely, phenyl-
propanolamine hydrochloride, ephedrine hydro-
chloride, salbutamol sulphate, terbutaline sulphate,
reproterol hydrochloride and aminophylline, and
determined their release rates from compressed
matrices of hydroxypropylmethylcellulose
(HPMC). It was observed that although all the
drugs have similar aqueous solubilities (freely
soluble) vyet their release rates are different.
Korsmeyer et al. (1983a) studied the release of
potassium chloride, phenylpropanolamine hydro-
chloride and bovine serum albumin through poly-
vinylalcohol matrices and observed that as the
molecular size of the drug increases the release
rate falls. The phenomenon was attributed to de-
creased diffusivity. However, molecular weight was
taken as the criterion of molecular size and the
study was not aimed at establishing any explicit
relationship. In the present paper an attempt has
been made to correlate the release rates of the
above-mentioned drug molecules diffusing out of
swollen matrices of HPMC K4M, HPMC K15M
and HPMC K100M with their molecular shape
and size. Molecular connectivity indices (Kier and
Hall, 1976a) and accessible surface area (ASA)
(Pearlman, 1980) of drug molecules have been
taken as the parameters for quantification of
molecular shape and size. Connectivity indices,
™!, of different order (Kier et al., 1975), type
(Kier and Hall, 1976b) and complexity (Jain et al.,
1984) quantify molecular size and shape at the
topological level whereas ASA is based upon the
3-dimensional geometry of a molecule.

Materials and Methods

Materials

Ephedrine hydrochloride IP. (Warner, India),
phenylpropanolamine hydrochloride USP (Eska-
yef, India), salbutamol sulphate BP (Cipla, India),
terbutaline sulphate BP (Ranbaxy, India), repro-
terol hydrochloride (Schering, U.K.) amino-
phylline BP (Boehringer Ingelheim, U.K.) and
orciprenaline sulphate BP (Boehringer Ingelheim,

U.K.) were used. Hydroxypropylmethylcellulose
(Colorcon Ltd., U.K.) of 3 viscosity grades was
used, i.e., Methocel K4M, Methocel K15M and
Methocel K100M. All the materials were sieved
and the fraction passing through 100-mesh screen
(British Standard Sieve) with particle size range
5-50 um were used for the study.

Tablet formulae

All the tablets contained 50 mg of the drug.
Compaction was accomplished using the direct
compression technique. The drug and HPMC
(1:1) were thoroughly blended and passed through
a 100-mesh screen to achieve uniformity. The mix-
ture was compressed into tablets with 6 mm flat-
faced punches on Manesty single-punch hand-op-
erated tabletting machine. The compaction pres-
sure was kept constant by monitoring the hard-
ness of tablets (5-6 kg/cm?).

Dissolution studies

The dissolution rates of tablets at 37°C were
monitored using Thermonik dissolution rate test
equipments (Campbell, Bombay, India) as per USP
XXI specification with 900 ml of distilled water as
the dissolution medium. The USP 1 dissolution
method was used at a basket rotation speed of 100
rpm. The dissolution rates of aminophylline,
salbutamol sulphate and reproterol hydrochloride
tablets were calculated by recording the absorp-
tions at 270 nm, 277 nm and 273 nm, respectively,
using a Lambda 3 UV-VIS spectrophotometer
(Perkin Elmer). The dissolution samples of
terbutaline sulphate and orciprenaline sulphate
tablets were analysed colorimetrically at 680 nm
by the method described by Kamalapurkar and
Priolkar (1983). The samples of ephedrine hydro-
chloride and phenylpropanolamine hydrochloride
tablets were analyzed by the periodate-oxidation
method at 247 nm (Chafetz, 1963). The dissolu-
tion studies were performed in triplicate for each
batch of the tablets and the results were repro-
duced within +5% of the mean value.

Calculation of connectivity indices

Connectivity indices, "x!, of order m (Kier et
al., 1975), type ¢ (Kier and Hall, 1976a and b) and
complexity level / (Jain et al., 1984) are unitless



structure descriptors which can uniquely and un-
ambiguously quantify salient topological features
like number and types of atoms and bonds, extent
of branching, cyclisation etc., depending upon
two-dimensional connectedness of non-hydrogen
atoms in a molecule. The calculation of these
indices begins with drawing a hydrogen-sup-
pressed graph (HSG) whose vertices and edges
represent non-hydrogen atoms and bonds, respec-
tively. To every vertex is then assigned a numeri-
cal quantity, called 8 value, depending upon the
chosen level of complexity. Corresponding to each
of the subgraphs, ™g,, of order m and type ¢
contributing to the index "x’ is then computed
the quantity C;:

m+1

c=T1(s8), " L

j=1

Here m + 1 is the number of vertices constitut-
ing the ;™ subgraph as embedded in the molecule.
The C, values are then summed up (Egn. 2) to
yield the desired connectivity index.

"8
"x:= 2 C. (2)

i=1

In the present work valence connectivity in-
dices have been employed and the &% values of
various atoms have been taken from Kier (1980).
The HSG was numerically transformed into an
adjacency matrix and input to a FORTRAN
computer program VG0386 (Gombar et al., un-
published work), capable of computing all types
of indices (Jain et al., 1984) upto seventh order. In
the present work only °x°, 'x*, 2x", 3x" and 3x!
indices were calculated.

Calculation of ASA

Different measures of surface area viz. cavity
surface area (CSA) or ASA, surface area (SA) and
smoothed surface area (SSA) or contact surface
area appeared in the literature (Hermann, 1972;
Pearlman, 1980) depending upon the definition of
molecular surface. When a “solvent sphere” is
rolled over the Van der Waals surface generated
by the intersection of all the “atomic spheres” in a

57

molecule, the surface traced out by the centre of
the solvent sphere is termed ASA. The ASA repre-
sents the two-dimensional space available to a
solvent molecule in contact with a given tracer.
Any changes in the molecular conformation are
significantly reflected in the magnitude of ASA.

Both non-computational and computational
methods (Harris et al.,, 1973; Pearlman, 1980;
Lande et al., 1985) are available for the estimation
of ASA associated with a molecule. In this study
the algorithm according to Hermann (1972) using
180 cutting planes arranged in 1° increments about
the axis of each ““atomic sphere” is used. A micro-
computer version of the FORTRAN program by
Pearlman (1981) was employed to compute ASA
on an in-house 8-bit machine (ESPL Super-MI-
CRO 8). For ephedrine hydrochloride, phenylpro-
panalamine hydrochloride, salbutamol sulphate,
terbutaline sulphate, reproterol hydrochloride and
aminophylline the X-ray diffraction data (Phillips,
1954; Kier, 1968; Beale and Stephenson, 1972;
Leger et al., 1978; Hickel et al., 1982; Sutor, 1958;
Beale and Grainger, unpublished work) were used
to define the input conformations. In the instance
of non-availability of X-ray diffraction data of
any molecule or part of a molecule standard
geometry (Kennard, 1977) in the staggered confor-
mation was assumed. The solvent radius for water
has been taken to be 0.15 nm and the values of
van der Waals radii used for atoms C, H, N and O
are 0.17, 012, 0.15 and 0.14 nm, respectively
(Pearlman, 1981).

Regression analysis

The program listed by Purcell et al. (1973) was
used for linear multiple regression analysis. The
set of independent variables included ASA, °x*,
Ix% 2x" 3x" and *x%. All possible combinations
of connectivity indices were used to develop the
correlations. In view of the small sample size the
analysis was terminated after two-variable correla-
tions.

Results and Discussion

The experimentally measured percentages of
drugs released through the matrices of HPMC
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Fig. 1. Drug release profiles (®, phenylpropanolamine hydro-

chloride; O, ephedrine hydrochloride; X, aminophylline; W,

terbutaline sulphate; a, salbutamol sulphate; O, reproterol
hydrochloride) through HPMC K4M matrices.

K4M, HPMC K15M and HPMC K100M are
plotted against ytime in Figs. 1, 2 and 3, respec-
tively. It can be seen, in all the cases, that the drug
release follows a Higuchian pattern (Higuchi,
1963). The absence of positive deviation indicates
that the drug is released primarily by diffusion

TABLE 1
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Fig. 2. Drug release profiles (®, phenylpropanclamine hydro-

chloride; O, ephedrine hydrochloride; X, aminophylline; B,

terbutaline sulphate; a, salbutamol sulphate; O, reproterol
hydrochloride) through HPMC K15M matrices.

and that attrition contributes negligibly (Lapidus
and Lordi, 1968). The release rates (RR) were
calculated by subjecting the points representing
up to 75% release to least-square linear fitting.
The values are collected in Table 1. It can be seen

ASA and experimental, calculated and predicted RR of some bronchodilator drugs through HPMC matrices

Drug ASA RR/% -min~ 172

2
(Mm”) HpMC KaM

HPMC K15M

HPMC K100M

Experimental Calculated Predic-

Experimental Calculated Predic- Experimental Calculated Predic-

(Eqn. 9)  ted (hold- (Eqn. 10) ted (Eqn. 11) ted
-one-out) (hold- (hold-
-one-out) -one-out)
Phenylprop-
anolamine
hydrochloride 3.579 7.520 7.251 7.144 8.060 7.762 7.566 7.970 7.587 7.377
Ephedrine
hydrochloride 3.854 6.460 6.854 7.054 6.980 7.262 7.370 6.680 7.072 7.240
Aminophylline 4.611 6.230 5.896 5.880 6.030 6.055 6.062 6.020 5.828 5.814
Terbutaline
sulphate 4.658 5.904 5.841 5.875 5.940 5.986 5.995 5.720 5.757 5.790
Salbutamol
sulphate 4.709 5.504 5.784 5.871 5.900 5.914 5.917 5.450 5.682 5.746
Reproterol
hydrochloride 6.708 3.900 3.892 3.990 3.600 3.530 3.320 3.310 3.224 3.020
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Fig. 3. Drug release profiles (@, phenylpropanolamine hydro-
chloride; O. ephedrine hydrochloride; X, aminophylline; &,
terbutaline sulphate; a, salbutamol sulphate; O, reproterol
hydrochloride) through HPMC K100M matrices.

[=]

that release rates (RR/%. min~'/?) through dif-
ferent matrices for a given drug do not vary
significantly even though the viscosity grade of
HPMC matrices is changed from 4 M through 100
M. This is in agreement with the earlier observa-
tions made by Salomon et al. (1979a) and Ford et
al. (1985a).

The slopes of the lines in Figs. 1-3 reveal that
the release rate falls with increase in molecular
bulk (size and shape) of the drug. In order to
rationalize this trend quantitatively, the release
rates were regressed against valence connectivity
indices, "x!, of different orders and types as these
indices can quantify shape and size of a molecule
at the topological level.

The best one-variable correlation was obtained

TABLE 2
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with the zero-order index, °x“. Eqns. 3-5 repre-

sent the correlations between %x* and release rates
through HPMC K4M, HPMC K15M and HPMC
K100M matrices, respectively.

RR /% - min~/>(HPMC K4M) (3)

=9.018 — 0.317 %
(£0.539) (£0.053)

r=0.948, §=0.403, F, , =357, P<0.25
RR/% - min~'/2(HPMC K15M) (4)

=9.622— 0.359 %%
(£0.855) (+£0.084)

r=20.905, $=0.639, F, ,=18.1, P <0.25
RR /% - min/*(HPMC K100M) (5)

=9.778 — 0.402 Oy
(£0.802) (£0.079)

r=0.930, §=0.599, F, ,=258, P<0.25

Here r is the correlation coefficient, S is the
standard error of the estimate and F is the F-ratio.
Standard error of the regression coefficients is
given in parenthesis. The inclusion of %%Y in the
regression indicates the role of molecular size in
drug release. However, as this structure descriptor
cannot completely quantify the extent of branch-
ing, and thus shape, correlations were attempted
forcing cluster-type connectivity indices in the re-
gression, The best two-variable correlations were

ASA and predicted RR of the drugs in prediction set through HPMC matrices

Drug ASA Predicted RR /% - min ™~ '/?
2
(nm’) HPMC K4M HPMC K15M HPMC K100M
(Eqn. 9) (Eqn. 10) (Eqn. 11)
Orciprenaline sulphate 4.493 6.035 6.223 6.006
Phenylephrine hydrochloride 3.869 6.835 7.235 7.044
Fenoterol hydrobromide 5.665 4.796 4.667 4.396




60

TABLE 3

Predicted and experimental RR of orciprenaline sulphate through
HPMC matrices

Matrix tablet ~ RR/%-min~'/2

Experimental Predicted Equation [A|%

used
HPMC K4M 6301 6.035 %) 422
HPMC K15M  6.240 6.223 (10 0.27
HPMC K100M 6.150 6.006 (1) 2.34

obtained with *x° and *x!, (Eqns. 6-8).
RR/% - min~"2(HPMC K4M) (6)

=8.690 —
(£0.429) (+£0.131)

0.776 *x* —  0.740 *x!
(£0.277)

r=0969, $=0.359, F,, =234, P<0.05
RR /% - min~/2(HPMC K15M) (7

=9292—
(£0.703) (£0.215)

0.905 *x" —  0.803 *x?
(+0.455)

F=0.940, S =0.588, F,,=11.5, P <0.10
RR /% - min~/2(HPMC K100M) (8)

=9.393 —
(+0.637) (+£0.195)

0.991 3" — 0.947 >
(£0.413)

r=0.959, S=0.533, F,,=17.3, P <0.10

An improvement in all the statistical parame-
ters is observed in these correlations. The correla-
tions, however, were not found to be internally

consistent when tested by the hold-one-out proce-
dure. Also, in view of low observation-to-variable
ratio of 3, these relationships have a high prob-
ability of chance correlation. In spite of limited
data the two-variable regression can be retained as
an indication in the light of its high significance.

The connectivity indices have the disadvantage
that they provide incomplete quantification of
molecular size and shape as, in the first place,

these are calculated from HSGs, and secondly,
there is no consideration of interatomic distances,
angles and torsional angles. On the other hand,
ASA is a structure descriptor derived from the
3-dimensional geometry of all the atoms including
hydrogens. This parameter quantifies molecular
structure with respect to the molecular surface
which can be accessed by a solvent. Therefore, an
attempt was made to develop correlations between
ASA and release rates. The correlations in case of
HPMC K4M, HPMC K15M and HPMC K100M
matrices are given in Eqgns. 9-11.

RR/% - min~/2(HPMC K4M) (9)

=38.687 — 5.346-In( ASA)
(£4.079) (£0.665)

r=0.970, $=0324, F, ,=64.58, P<0.10
RR/% - min~?(HPMC K15M) (10)

=47363~ 6.735-In(A4S4)
(+2.626) (40.428)

r=0.992, §=0.208, F, ,=247.32, P <0.05
RR/% - min~ " (HPMC K100M) (11)

=48.424 — 6.945-In(ASA4)
(+3.966) (+0.647)

r=0.983, §=0.315, F, ,=115.28, P <0.10

It can be seen that all these correlations are
more significant in all the statistical tests than the
corresponding one-variable and two-variable cor-
relations with topological indices. This confirms
the expectation that ASA carries better quantifi-
cation regarding size and shape of a molecule than
the connectivity indices. The release rates predic-
ted from Eqns. 9-11 are compared with the ex-
perimental values in Table 1. The absolute average
deviations of 3.56%, 1.85%, 3.56%, observed with
HPMC K4M, HPMC KI15M, &HPMC K100M
matrices, respectively, are of the order of experi-
mental error.

The true test of any structure—property correla-



tion is the confidence with which it can predict the
magnitude of property, particularly of compounds
outside the training sample. Therefore, ASA was
computed for 3 drugs, namely orciprenaline
sulphate, phenylephrine hydrochloride, and
fenoterol hydrobromide which belong to the same
class. They have comparable aqueous solubilities
and are structurally related to the 6 drugs in the
training set.

Their release rates were predicted from Eqns.
9-11 and are given in Table 2. During the course
of study, however, it was possible to procure
orciprenaline sulphate for confirmation of the pre-
dicted release rates. The release rates through
compressed matrices of HPMC K4M, HPMC
K15M and HPMC K100M were determined un-
der similar conditions as for the training sample.
The predicted and experimental values are com-
pared in Table 3.

The agreement between the values is within the
experimental uncertainties (5%). This shows high
predictive capability of the correlations in all the
cases with maximum deviation of 4.2% in the case
of HPMC K4M.

The reliability of these correlations was further
established by including orciprenaline sulphate in
the training sample and predicting release rates of
all the drugs by the ‘hold-one-out’ procedure. The
results are summarized in Table 1. From the fact
that the absolute average deviation is still in the
order of experimental error, it can be concluded
that the correlations are internally consistent and
can be employed for prediction of release rates
with confidence. An attempt was made to develop
a single relationship applicable to predict the re-
lease rates through HPMC matrices of different
viscosity grades. It can be seen from the regression
coefficients of Eqns. 9-11 that the slopes and
intercepts of the correlations for HPMC K15M
and HPMC K100M are almost the same whereas
for HPMC K4M they are quite different. This
difference can be attributed to the lower viscosity
grade HPMC K4M matrices which are more prone
to erosion than the HPMC K15M and HPMC
K100M matrices. The release rate data for HPMC
K15M and HPMC K100M matrices was com-
bined and regressed against In(ASA). The correla-
tion thus obtained (Eqn. 12) can be regarded to
have more significance
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RR/%-min~'/*=48.286 — 6.908 - In(ASA)
(£2.494) (£0.407) (12)

r=0.983, §=0277, F,,,=288.19, P <0.05

as for an increased degree of freedom the correla-
tion coefficient remains almost the same.

The work regarding synthesis /procurement of
other structurally related drugs is currently being
undertaken to further test the reported correla-
tions.

Acknowledgements

Financial support from the University Grants
Commission, New Delhi (India) to one of us (A.S.)
in the form of a research associateship is thank-
fully acknowledged. We are also thankful to M /s
Colorcon Ltd., U.K., for providing us with differ-
ent grades of HPMC.

References

Bamba, M., Puisieux, F., Marty, J.P. and Carstensen, J.T.,
Release mechanisms in gel-forming sustained release pre-
parations. Int. J. Pharm., 2 (1979a) 307-315.

Bamba, M., Puisieux, F., Marty, J.P. and Carstensen, J.T.,
Mathematical model for release of drug from gel-forming
sustained release preparations. [nt. J. Pharm., 3 (1979b)
87-92.

Baveja, S.K. and Ranga Rao, K.V., Sustained release tablet
formulation of centperazine. Inz. J. Pharm., 31 (1986)
169-174.

Beale, J.P. and Stephenson, N.C., X-ray analysis of Th 1165a
and salbutamol, J. Pharm. Pharmacol., 24 (1972) 277-280.

Buri, P, Formulation, caractéristiques et intérét des formes
galéniques orales 4 liberation prolongée de type matrice.
Boll. Chim. Farm., 123 (1984) 453-464.

Buri, P. and Doelker, E., Formulation des comprimés a libéra-
tion prolongée I1. Matrices hydrophiles. Pharm. Acta Helv.,
55 (1980) 189-197.

Chafetz, L., Sensitive ultraviolet spectrophotometric de-
termination of some phenethanolamine drugs. J. Pharm.
Sci,, 52 (1963) 1193-1195.

Christenson, G.L. and Dale, L.B., Sustained release tablets.
U.S. Par., 3065143 (1962).

Daly, P.B., Davis, S.S. and Kennerley, J.W., The effect of
anionic surfactants on the release of chlorpheniramine from
a polymer matrix tablet. Inr. J. Pharm., 18 (1984) 201-205.

Ford. J.L, Rubinstein, M.H. and Hogan, J.E., Formulation of
sustained release promethazine hydrochloride tablets using
hydroxypropylmethylcellulose matrices. Ins. J. Pharm., 24
(1985a) 327-338.

Ford, J.L, Rubinstein, M.-H. and Hogan, J.E,, Propranolol
hydrochloride and aminophylline release from matrix



62

tablets containing hydroxypropylmethylcellulose. Inr. J.
Pharm., 24 (1985b) 339-350.

Gander, B., Gurny, R. and Doelker, E., Matrices a libération
contrdlée par le gonflement du polymere Partie I
Mécanismes de pénétration des solvants dans les polyméres,
Pharm. Acta Helv., 61 (1986a) 130-139.

Gander, B., Gurny, R. and Doelker, E., Matrices a libération
contrdlée par le gonflement du polymére Partie II: Prépara-
tion des systémes médicamenteux et analyse de la cinétique
de libération. Pharm. Acta Helv., 61 (1986b) 178-184.

Harris, MJ., Higuchi, T. and Rytting, JH., Thermodynamic
group contributions from ion-pair extraction equilibria for
use in the prediction of partition coefficients. Correlation
of surface area with group contributions. J. Phys. Chem.,
77 (1973) 2694-2703.

Hermann, R.B., Theory of hydrophobic bonding II. The corre-
lation of hydrocarbon solubility in water with solvent cav-
ity surface area. J. Phys. Chem., 76 (1972) 2754-2759.

Hickel, D., Carpy, A., Laguerre, M. and Leger, M., Sulfate
“de” tert-butyl [(dihydroxy-3, S-phenyl)-2-hydroxy-2-ethyl]
ammonium (sulfate de terbutaline) hydrate. Acta Cryst.,
B38 (1982) 632-635.

Higuchi, T., Mechanism of sustained-action medication. Theo-
retical analysis of rate of release of solid drugs dispersed in
solid matrices. J. Pharm. Sci., 52 (1963) 1145-1149.

Higuchi, W.I., Analysis of data on the medicament release
from ointments. J. Pharm. Sci., 51 (1962) 802-804.

Huber, H.E. and Christenson, G.L., Utilization of hydrophilic
gums for the control of drug substance release from tablet
formulations II. Influence of tablet hardness and density on
dissolution behaviour. J. Pharm. Sci., 57 (1968) 164-166.

Huber, H.E., Dale, L.B. and Christenson, G.L., Utilization of
hydrophilic gums for the control of drug release from tablet
formulations I. Disintegration and dissolution behaviour.
J. Pharm. Sci., 55 (1966) 974-976.

Jain, D.V.S., Singh, S. and Gombar, V., Correlations between
topological features and physico-chemical properties of
molecules. Proc. Indian Acad. Sci. (Chem., Sci.), 93 (1984)
927-945.

Kamalapurkar, O.S. and Priolkar, S.R.S., Estimation of

. oxymetazoline hydrochloride and terbutaline sulphate using
Folin-Ciocalteu reagent. Indian Drugs, 20 (1983) 164--166.

Kennard, O., Bond lengths and angles of chemical compounds.
In R.C. Weast (Ed.), CRC Handbook of Chemistry and
Physics, CRC, Cleveland, OH, 1977, F-215-F-218.

Kier, L.B., The preferred conformations of ephedrine isomers
and the nature of the alpha adrenergic receptor. J.
Pharmacol. Exp. Ther., 164 (1968) 75-81.

Kier, L.B., Molecular connectivity as a description of structure
for SAR analyses. In S.H. Yalkowsky, A.A. Sinkula and
S.C. Valvani, (Eds.), Physical Chemical Properties of Drugs.
Dekker, New York, 1980, pp. 277-318.

Kier, L.B. and Hall, L.H., Molecular Connectivity in Chemistry
and Drug Research, Academic, New York, 1976a.

Kier, L.B. and Hall, L.H., Molecular connectivity VII: specific
treatment of heteroatoms. J. Pharm. Sci, 65 (1976b)
1806-1809.

Kier, L.B,, Hall, L.H., Murray, W.J. and Randic, M., Molecu-

lar Connectivity I: Relationship to non-specific local
anaesthesia. J. Pharm. Sci., 64 (1975) 1971-1974.

Korsmeyer, R.W., Gurny, R., Doelker, E., Buri, P. and Peppas,
N.A., Mechanisms of solute release from porous hydro-
philic polymers. Int. J. Pharm., 15 (1983a) 25-35.

Korsmeyer, RW., Gurny, R., Doelker, E., Buri, P. and Peppas,
N.A,, Mechanisms of potassium chloride release from com-
pressed hydrophilic, polymeric, matrices: Effect of en-
trapped air. J. Pharm. Sci., 72 (1983b) 1189-1191.

Korsmeyer, R'W., and Peppas, N.A., Swelling-controlled de-
livery systems for pharmaceutical applications: Macro-
molecular and modelling considerations. In S.Z. Mansdorf
and T.J. Roseman (Eds.), Control Release Delivery Systems,
Dekker, New York, 1983, pp. 77-90.

Lande, S.S., Hagen, D.F. and Seaver, A.E., Computation of
total molecular surface area from gas phase ion mobility
data and its correlation with aqueous solubilities of hydro-
carbons. Environ. Toxicol. Chem., 4 (1985) 325-.334.

Lapidus, H. and Lordi, N.G., Some factors affecting the re-
lease of a water-soluble drug from compressed hydrophilic
matrices. J. Pharm. Sci., 55 (1966) 840-843.

Lapidus, H. and Lordi, N.G., Drug release from compressed
hydrophilic matrices. J. Pharm. Sci., 57 (1968) 1292-1301.

Lee, V.H. and Robinson, J.R., Methods to achieve sustained
drug delivery. In J.R. Robinson, (Ed.), Sustained And Con-
trolled Release Drug Delivery Systems, Dekker, New York,
1978, p. 146.

Leger, M., Goursolle, M. and Gadret, M., Structure cristalline
du sulfate de salbutamol [tert-butylamino-2-2(Hydroxy-4-
hydroxymethyl-3-phenyl)-1-Ethanol 3H,80,]. Acta Cryst.,
B34 (1978) 1203-1208.

Pearlman, R.S., Molecular surface areas and volumes and their
use in structure/activity relationships. In S.H. Yalkowsky,
A.A. Sinkula and S.C. Valvani (Eds.), Physical Chemical
Properties of Drugs, Dekker, New York, 1980, pp. 321-345.

Pearlman, R.S., QCPE. Bull, 1 (1981) 413.

Peppas, N.A., Analysis of Fickian and non-Fickian drug re-
lease from polymers. Pharm. Acta Helv., 60 (1985) 110-111.

Phillips, D.C., The crystals and molecular structures of
ephedrine hydrochloride. Acta Cryst., 7 (1954) 159-165.

Purcell, W.P., Bass, G.E. and Clayton, J. M., Strategy of drug
design: A guide to biological activity, Wiley, New York,
1973, pp. 21-88.

Salomon, J.L., Doelker, E. and Buri, P., Importance de la
technologie et de la formulation pour le mécanisme de
libération du chlorure de potassium contenu dans des
matrices hydrophiles I: Influence de la viscosité et du
pourcentage de gélifiant. Pharm. Acta Helv., 54 (1979a)
82-85.

Salomon, J.L., Vuagnat, P., Doelker, E. and Buri, P., Impor-
tance de la technologie et de la formulation pour le
mécanisme de libération du chlorure de potassium contenu
dans des matrice hydrophiles II: Influence de la force de
compression, de la granulometrie du tracer et de I'épaisseur
du comprimé. Pharm. Acta Helv., 54 (1979b) 86-89.

Sutor, J.D., The structures of the pyrimidines and purines VI.
The crystal structure of theophylline. Acta Cryst.,, 11 (1958)
83-87.



