
Table 111-Summary of Data Showing Concentration-Response Relationships for the Spasmolytic Effects of Compounds VIl, VIII, and X 
and Atropine Sulfate Against Methacholine Chloride-Induced Spasm in Excised Rabbit Ileum 

~~ 

Spasmolytic Agent---- 
Compound X Compound VIII Compound VII Atropine Sulfate 

1.15 x lo-‘ 2.88 x 10-4 2.88 and 4.32 X 2.88 x M1. added to 10-ml. muscle bath 0.8  ml. 2 . 0  ml. 2 . 0  ml., 3.0  ml. 0 . 2  ml. 
Concentration in muscle bath 
Response: No. positive/No. tried 7/10 6/10 0/10 1/10 8/10 
Relative potency 2 . 5  1 .o 0 1 x 102 

noting concentration in millimolar quantities as well as relative 
potency when compared to atropine sulfate. 

Discussion of Results-Examination of Compound X reveals 
that it is about 2.5 times as active as Compound VIII. Compound 
VII was found to be inactive in the ability to reduce the spasms 
induced by mecholyl. While spasmolytic activity is present in Com- 
pounds X and VIII, the activity present is only about 1/40th and 
1/100th, respectively, that of the standard spasmolytic agent, 
atropine sulfate. 
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Dissolution of Macromolecules 11: Dissolution of 
an Ethylene-Maleic Acid Copolymer 

ALLEN HEYD”, DANE 0. KILDSIG, and GILBERT S. BANKER 

Abstract Factors influencing the dissolution of an ethylene-maleic 
acid copolymer have been studied. Polymer swelling, hydrated 
layer thickness, and solvent pH were shown to influence the dis- 
solution of the polymer. Linear dissolution rates were observed 
following an initial induction period. Hydrated layer thickness was 
found to be a controlling factor in the dissolutioy process. An 
immersion refractometry method was employed to measure aqueous 
polymer concentrations during dissolution. 

Keyphrases 0 Ethylene-maleic acid copolymer-dissolution u 
Tablets, ethylene-maleic acid copolymer-dissolution study 
Dissolution test apparatus-diagram c] Refractometry, immersion 
-polymer determination 

Previous investigators of polymer dissolution have 
studied the dissolution of polystyrene in organic sol- 
vents (1-3). However, a detailed investigation of the 
dissolution in aqueous solvents of polymers having 
reactive functional groups has not been reported. In an 
earlier report the surface phenomena associated with the 
dissolution of such polymers were described (4). The 
present investigation reports the dissolution of an 
ethylene-maleic acid (dicarboxylic acid) copolymer as 
affected by these surface parameters. 

EXPERIMENTAL 

Polymeric materials are widely used in many pharma- 
ceutical systems. In systems utilizing polymer films and 
particularly in dosage forms in which the polymer is 
compressed in tablets to produce controlled drug re- 
lease, the dissolution of the polymer is an important 
parameter. Polymer systems are frequently sought 
which, based on their dissolution properties, will pro- 
vide a particular type of drug release. 

The ethylenemaleic acid copolymer, referred to as EMA-22, and 
the polymer tablets used in this study were identical to those used 
in a previous investigation (4). The measurement of polymer swell- 
ing, solvent penetration, and hydrated layer thickness was also 
identical to that of the earlier study (4). 

The dissolution apparatus employed for the study of polymer 
dissolution is shown in Figs. 1-3. Figure 1 describes the sample 
holder; Fig. 2 shows the dimensions of the Plexiglas dissolution cell. 
Figure 3 is a schematic representation of the dissolution unit and 
the component parts that made up the entire system. The lip of the 
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Figure 1-Sample holder. 
Key: a, compressed disk 
cavity; b, plunger; c, die 
housing; d, steel shaft; and 
e, 1.12-cm. (0.44-in.) die. 
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Figure 3-Dissolution apparatus. Key: a, glass cylinder; b, 
dissolution cell; c ,  sample holder; d, immersion refractometer; e, 
magnetic stirrer; f, stirring bar; and g,  support. 

die housing of the sample holder (Fig. 1)  was placed on the edge of 
the dissolution cell (Fig. 2), which provided constant sample ge- 
ometry for each dissolution test. The plunger of the sample holder 
facilitated exact positioning of the compressed disk. The shaft of 
the sample holder, which permitted positioning of the holder in 
the dissolution apparatus, extended through the housing of the 
holder and was threaded into the plunger (Fig. 1). 

A Bausch & Lomb immersion refractometer,' utilizing prism A, 
was used to follow the increase in polymer concentration with time. 
Standard curves of refractometer reading versus polymer concentra- 
tion were linear over the concentration range used, 0 to 4 mg./ml. 
The precision of the refractometer method was excellent; identical 

in. 

Figure 2-Plexiglas dissolution cell. The external dimensions are 
indicated. The inside dimensions are 6.99-em. (2.75-in.) total length, 
2.87 em. (1.13 in.) wide, and 3.66 em. (1.44 in.) deep with the ends 
having a 1.42-em. (0.56-in.) radius of curvature. 

* Bausch & Lomb Optical Co., model DB 502. 

readings on the refractometer scale were obtained for each replicate 
sample of each polymer solution. 

In conducting the dissolution test, a 1-g. Compressed tablet of 
EMA-22 free acid was positioned in the cavity of the sample holder 
so that 0.05 cm. of the tablet protruded. The dissolution cell was 
filled with 60 ml. of solvent, which was allowed to equilibrate to 
30 =k 0.1 '. This volume was sufficient to cover the exposed tablet 
after the sample holder and the refractometer were precisely posi- 
tioned in the dissolution cell. A magnetic stirrer unit drove a 
1.27-cm. (0.5-in.) stirring bar inside the dissolution cell at 130 
r.p.m. Kolthoff's alkaline borate buffer (5) was used to prepare pH 
7.4 and 9.4 buffers. The buffers from pH 1.2 to 6.2 were prepared 
from standard solutions as described by the USP(6). The immersion 
refractometry method and the technique and apparatus described 
permitted the dissolution process to be continuously followed 
without disturbing the system. 

RESULTS AND DISCUSSION 

The dissolution of EMA-22 in distilled water is shown in Fig. 4. 
The dissolution rate was linear following an initial induction period. 
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Figure 4-Linear dissolution rate with initial induction period, Key: 
a, lag time; b, stabilization period; and a + b, induction period. 
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Figure 5-Correlation between induction period, a,  swelling time, b, 
and hydrated layer formation, c.  

The induction period consisted of a lag time and a stabilization 
period (Fig. 4). The lag time, or period before measurable concen- 
tration appears in solution, is attributed to the time required for 
initial solvent penetration and initial polymer swelling. During the 
initial swelling process ( 0 . 5  min.) in which the largest extent of 
swelling was achieved (4), little or no polymer dissolved. During 
the stabilization period, the dissolution rate continuously decreased 
as the polymer achieved maximum swelling. Also during the stabili- 
zation period, maximum hydrated layer thickness was achieved 
after which the dissolution rate was linear. The correlation between 
hydrated layer formation, swelling time, and the dissolution in- 
duction period is shown in Fig. 5. The establishment of both an 
equilibrium hydrated layer thickness and maximum swelling was 
found generally to correlate to the induction period required for 
achievement of a constant dissolution rate. 

The polymer-solvent interaction is responsible for the expansion 
of the linear chain polymer and the subsequent formation of a gel 
structure. As the EMA-22 polymer is a dicarboxylic acid, the solvent 
pH would be expected to influence greatly the dissolution of the 
polymer (Fig. 6). Contrary to the dissolution of micromolecular 
weak acids, the equilibrium dissolution rate of the polymer weak 
acid decreases with increasing p H  (Fig, 6). However, the dissolution 
rates reported in Fig. 6 are the equilibrium values obtained from 
the linear portion of the curve. The initial dissolution rates did in- 
crease with increasing pH but were quickly affected (within 0.5-2 
min.) by the swelling phenomena and subsequent hydrated layer 
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Figure 6-Decrease in equilibrium dissofution rate with increasing 
PH. 

formation. Thus the swollen hydrated layer remains the determin- 
ing factor in the dissolution of the EMA polymer following swelling 
equilibrium. 

SUMMARY 

The dissolution of an ethylene-maleic acid copolymer was in- 
vestigated using an immersion refractometer for polymer analysis. 
An induction period was observed consisting of a lag time and a 
stabilization period, during which the dissolution rate was con- 
tinuously decreasing until a constant rate was obtained. The solvent 
pH was found to influence the dissolution of the polymer through 
its effect on polymer swelling and hydrated layer thickness. These 
two parameters, swelling and hydrated layer thickness, were pri- 
marily responsible for the dissolution properties of the polymer. 
The refractometer method was adequately sensitive for following 
polymer dissolution and allowed a continuous determination of 
polymer concentration without sampling. 
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