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The coupling constant 55.6 was consistently about 3Hz for the 4 
isomen and 5 to 7Hz for the R-isomers. These results are 
consistent with those reported previously for ampicillin and 
aoxycillin penicilloates (Bird et a1 1983) and provide a useful 
diagnostic tool for the C-5 configuration of penicilloates. The 3- 
~ m d  C-2 methyl shifts show no consistent pattern between the 
5R- and 5s-isomers. For 3-H this is contrary to the suggestion of 
claes et a1 (1982) that this shift should be downfield in 5R- 
isomers compared with the 5s-isomers. The separation between 
the shifts of the two C-2 methyls is significantly lower in the 5R- 
isomers than in the 59isomers for most of the penicilloates but 
those of methicillin and the side-chain S isomers of phenethicil- 
fin and propicillin are exceptions. 

Optical rotation measurements (see Table 1) showed a 
decrease with time for all the pencilloates except that from 
carbenicillin, which showed a small increase with time. This 
change is consistent with the suggestion of Claes et a1 (1 982) that 
5R-penicilloates have a more positive rotation than their 5S- 
isomers and the result obtained for carbenicillin penicilloate 
provides further confirmation that this sample is the 5s-isomer. 
Insufficient sample was available to obtain rotation measure- 
ments on the ticarcillin penicilloate sample. However, the very 
low value of -22.3" given by Munro et a1 (1978) is consistent 
with the 5s assignment for ticarcillin penicilloate. 

We wish to thank Mr S. Woroniecki for supply of the 
penicilloate samples and Miss M. I. Tingley for help with optical 
rotation measurements. 
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Solute adsorption and concentration-dependent permeability in 
certain polymer films 

R. s. OKOR, Department of Pharmaceutics, University of Benin, Benin City, Nigeria 

Abstract-Certain parameters (solute adsorption, permeability and 
swellability) of films of a cationic acrylatemethacrylate copolymer 
have been determined as functions of the solute (sulphacetamide 
sodium) concentrations. Both permeability coefficients and the free 
(unadsorbed fraction of solute increased almost proportionately 
during increase in solute concentration 1-5%, above 5%,  further 
increase in the fraction of free solute was slight, while the permeabi- 
lity coefficients decreased slightly. The solute also reduced film 
swellability but the observed concentration-dependent permeability 
related more to the adsorption phenomenon. 

Abdel-Aziz et al (1975) and Okor (1982) have indicated the 
potential of acrylatemethacrylate copolymer films in controlled 
release applications. Solutes permeate these films by a pore flow 
mechanism, (Okor & Anderson 1986a). In a preliminary report 
aimed at developing an ocular delivery system of sulphaceta- 

mide sodium, it was shown that the permeability coefficient 
versus concentration profile of the solute exhibited an initial 
increase followed by a decrease (Okor & Anderson 1986b). The 
suggestion was that electrostatic interaction of the ionic solute 
with cationic groups in the polymer structure caused the initial 
increase (the phenomenon being significant only at low solute 
concentrations), while the decrease was associated with the 
solute potential for reducing the aqueous swellability of the 
films. In the present report, physical adsorption of the solute by 
the polymer is presented as evidence for the proposed mecha- 
nism of solute-polymer electrostatic interaction. 

Materials and method 

A hydrophilic, but water insoluble, acrylate methacrylate 
polymer containing small proportions of cationic (quaternary 
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ammonium) groups (Eudragit RL 100) was received from 
RHOM Pharma, Darmstadt. Glycerol triacetate (reagent grade, 
BDH) was used as plasticizer while sulphacetamide sodium 
(Analar, BDH) was used as solute. 

Films (thickness, 19.8 k0.3 pm) were prepared by casting on 
PTFE mold from an acetone solution containing the polymer 
(2.5% w/w) and the plasticizer (@So/, w/w) using the method of 
Abdel-Aziz et a1 (1975). 

Solute permeation rate through the films (exposed film area 
23 cm2) was measured using the method of Abdel-Aziz et a1 
(1975). Initially the donor compartment contained 135 mL 
permeant solution and the acceptor compartment, 135 mL 
water. The film lower surface (in contact with mold during 
casting) was upstream and the experiment was conducted at 
30 f 0.5"C, stirring the compartment fluids at 300 rev min-' with 
magnetic stirrers. The amount (M) of sulphacetamide sodium 
appearing in time (t) in the acceptor fluid was determined 
spectrophotometrically (using the Unicam SP800) at I,,, 260 
nm. Plots of M versus t were constructed and the slopes used to 
calculate the permeability coefficient (P) based on the steady 
state equation (Flynn et a1 1974): 

p c o  M/t=- L 

C, is the initial donor fluid concentration and L, the film 
thickness. The amount of solute transferred to the acceptor 
compartment was much less than the donor concentration, thus 
approximating to an acceptor sink situation. The experiment 
was carried in 5 replicates, individual results were reproducible 
to +7.5% of the mean. 

The amount of fluid in the wet films (after contact with water 
or permeant solutions at 30°C for 3 h) was obtained from the 
difference between its wet weight and the weight after drying at 
70°C for 3 days to a constant weight. The volume fraction of 
fluid V in the wet film was calculated using the formula (Okor & 
Anderson 1986b): 

where m is the wet film weight, and md is the dried film weight. 
1.0044 and 0.8855 are the specific volumes cm3 g-' of water and 
polymer, respectively, at 30°C determined by fluid displacement 
method. 

Adsorption of solute by the polymer was determined as 
follows: The polymer (1 g, in fine powder to increase surface 
area) was placed in a 50 mL conical flask with stopper, and 
20 mL permeant solution (previously equilibrated at 30°C) 
added. The flask was shaken 100 rev min-' in a water bath at 
30°C for 10 min (time for maximum adsorption). After 5 min 
standing, 10mL supernatant was centrifuged for 2 h and 
samples of the clear layer removed for analysis to determine the 
residual (unadsorbed) solute. The fraction adsorbed was calcu- 
lated as the difference between the initial and final concentration 
divided by the initial Concentration. 

Results 

Data from the adsorption experiment revealed a decrease in the 
fraction of the initial concentration of permeant adsorbed as the 
concentration of the permeant increased from 0.1 to 10% w/v. 
The unadsorbed fraction (free for permeation) increased conse- 
quently (Fig. 1A); this increase was more rapid between 0.1 to 
5 %  w/v permeant and became less prominent above 5% w/v. 
The pattern of change in permeability coefficients was similar 
(Fig. 1C) suggesting a correlation between these two (adsorption 
and permeability) parameters. Film swellability decreased 
generally with increase in permeant concentration (Fig. 1 B). 
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FIG. 1. Changes in the fraction of free (unadsorbed) permeant 
(ordinate A), swellability of the films (B), and film permeability 
coefficients, Cm*S-' x lo-' (C), with increase in permeant concen- 
tration (abscissa: %w/v). 

Discussion 

The observed decrease in film swellability was perhaps a 
consequence of solute adsorption on the hydrophilic (cationic) 
sites to impair film hydration. This aspect was expected to lead to 
a decrease in film permeability generally in the test permeant 
concentration range 1 to 10%. The initial increase in the 
apparent permeability coefficients observed in the permeant 
concentration range, 1 to 5% may be associated with a more 
dominant factor, the increase in the fraction of permeant 
available in a unit concentration for permeation (see Fig. 1A). 
The actual amount of solute adsorbed per gram polymer was 
maximum at 5% permeant concentration suggesting a satu- 
ration of adsorption sites at this point. Consequently the effect of 
solute adsorption on film permeability did not extend beyond 
this point. The slight decrease in film permeability in the 
permeant concentration range, 5 to 10% therefore relates to the 
corresponding slight decrease in film swellability. 

Modification of film plasticization and swellability form a 
basis for concentration-dependent permeability (Craver 1970; 
Okor & Anderson 1986b). The present finding suggests that 
solute adsorption may also contribute to concentration-depen- 
dent permeability in polymer films. 

The author wishes to thank Professor W. Anderson, formerly of 
the department of Pharmaceutics, University of Strathclyde, 
Glasgow, for his advice in this work. 
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