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SUMMARY 

The disappearance kinetics of certain solutes in aqueous solution during storage in 
polyethylene containers is described. For solutes with low affmity for polyethylene, loss 
is characterized by monoexponential kinetics. If the solute has a strong affinity for the 
polyethylene, b&exponential kinetics exist due to significant uptake of solute into the 
polyethylene in addition to loss by permeation. A ‘compartmental’ model is used to 
examine the observed kinetics and is based on sorption of the solute by the container 
wall followed by permeation of the solute into the atmosphere. The disappearance 
kinetics of the solutes examined in this study is dependent on the formulation of the 
solution to be stored in the container, presoaking of the container in solutions of the 
solute, and the nature of the external environment in which the containers are stored. 

INTRODUCTION 

Numerous publications on various aspects of drug-plastic interaction have appeared in 
the literature. In two recent papers (Richardson et al., 1977; Blackburn et al., 1978) the 
authors have shown that there may be a considerable difference between the actual 
concentration of a preservative in an aqueous solution in a plastic container and that 
stated on the label. These findings indicate that the problems consequent upon drug- 
plastic interaction continue to be matter for concern. 

Despite the accumulated knowledge in this area very little attention has been directed 
specifically to the mechanisms by which solutes are lost from aqueous solution in poly- 
ethylene containers or to methods by which such loss can be minimized. Polack et al. 
(1970) suggested that several factors may affect the loss of solutes from plastic containers 
during autoclaving. They related to loss of solute from the container to the hexane-water 
partition coefficient of the solute and a parameter reflecting the diffusivity of the solute 
in polyethylene. Subsequent work by Serota et al. (1972) and Jordan and Polack (1972b) 



has also shobn that the rate of permeation of a solute through polyel[hylene film may be 
correlated witL the hexane-water partition coefficient of the solute. 

The present study is con~rned with the disal?~ar~ce kinetics of solutes from 
aqueous solution in polyethylene containers and wifh some of the methods by which the 
loss due to sorption and/or permeation could be minimized. 

MATERlALS AND METHODS 

Reagent grade chemicals and solvents have been used in this study. The concentrations 
of these chemicals in solution were determined by me~urement ,,f absorbance on a 
Beckman DB-C spectropbotometer at the wavelength of maximum absorption and by 
reference to Beer’s law plots. Aniline and 2nitropht3nol were analyzed at their iosbestic 
wa~~elen~. These rne~o~, and the methods used to detente the hexane-water 
partition coefficients of some of the solutes in the present work, have been described in 
greater detail in previous publications (Polack et al., 1970; Jordan and Polack, 1972a). 
In this work two types of containers have been used and are designated A and B. Con- 
tainers A (Duranol A64, i0 ml capacity) and B (Duranol ASO, 15 ml capacity) are poly- 
ethylene dropper bottles (Duranol Plastics, Mt. Waverley, Victoria) with the same aver- 
age wall thickness of 0.71 mm. These containers are described by their manufacturers 
as ‘autoclavable’. They consist of three parts -- the actual container, a dropper nozzle 
which was inserted after the contents had been placed in the cortainer, and a screw 
cap. Both these brands of container are constructed of ‘high density’ polyethylene. 

Storage expetiinents 
Storage experiments were carried out for solutions of each solute as follows: An 

aliquot (10 ml unless stated otherwise) of a specified concentration of solute was placed 
in a po~ye~ylene container and stored either in a constant temperature room or an oven 
at the specified temperature. For each solute a number of concentrations were used. 
These were generally below half the saturation solubility of the solute. For most solutes, 
the main con~ntratio~l used to derive the kinetic data tar a particular solute was 0.05% 
(chloroxybnol, 0.015%). An aliquot of the solution was also stored in a sealed glass 
ampoule at the same temperature and for the same time period as the container. At 
various times the container was removed from the room and the solution assayed for this 
content of solute remaining (the glass ampoule serving as a control). The containers were 
not shaken during the period of the study, except for gentle swirling of the contents 
immediately prior to removal of the aliquot for assay. Each determination reported is 
the mean of three containers, the coef~cient of variation for such a dete~ation being 
less than 5%. The data obtained is plotted as a fraction of solute remaining in (or lost 
from) solution against time. In some instances, to ascertain the effect of the boundary 
layer at the container w~l-a~osphere interface, ~ont~ers were immer~d in various 
sohents at 37 i: 1°C and the disappearance kinetics monitored. 

Presoaking of the container was carried out by the total immersion of the containers 
in a solution of the solute in the concentration to be used in the subsequent storage 



experiment. Solutions were changed daily during the period of the presoaking study and 
all air was excluded. 

Formulation variables 
Ali pH values were detained on a odometer 28 pH-meter. Ah solutions for the p 

study were buffered solutions of 0.1 M and adjusted to an ionic strength of 0.5 ~~or~a~ 
and POiaCk, 1972b). Sohrtions of varying viscosity were prepared using aqueous dycero! 
sohltions and aqueous methylcelhrlose solutions. The viscosity of these solutions was 
determined using a Brookfield RVT viscometer. 

D&a analysis 
Disappearance kinetics data has been analyzed by non-linear regression analysis using 

the program NONLIN (Metzler, 1969). 

RESULTS AND DISCUSSION 

Water vapour transmission from both containers (A and.B) is less than 3% for solutions 
stored at 71 f: l°C for 10 weeks. Water is lost from container B at a constant rate, 0.38% 
of a volume of 10 ml being lost following storage at 37 f 1°C for 10 weeks. This loss is 
ne~~ble in comparison to the observed losses of solutes and has therefore been disre- 
garded in an ex~~a~on of the ex~~ment~ data. The change in concentration for each 
of the solutes in aqueous solutions stored in glass ampoules to monitor for solute decom- 
position (same storage conditions as used for polyethylene containers), was negligible 
and has been disregarded. 

Representative plots for the fraction of solute remaining in aqueous solution against 
time following storage in polyethylene containers are shown in Fig. 1. The plots show 
that for some solutes, the disappearance follows fustsrder mono~xponenti~ kinetics. 
For sohttes with greater rates of loss, the ~~p~ar~~ is bi~x~nenti~. The appear- 
ante kinetics of the solutes used in this study were studied for a number of concentra- 
tions and found to be superimposable, i.e. consistent with first-order kinetics. Polack et 
al. (1970) also observed that the loss of solutes from polyethylene containers during 
autociaving was independent of the initial concentration. The concentrations of soiutes 
used in this study were generally below half their aqueous ~tu~tion so~~b~ity because 
it has been reported that high concentrations of solute may lead to increased TX ;rn~a~~~~ 
rates through polyethylene films (Jordan and Polack, 1972b). 

Mono- or b&exponential kinetics has also been observed for the $ sapp- tr 
solutes from the lumen of the in situ intestinal segment (Doluisio et al., l?‘?O) and from 
solutions in contact with subcut~eo~ tissue (Levy and Rowland, 1974). 

Since the polyethylene-water partition coefficient of a solute may be directly related 
to its hexane-water partition coefficient (Jordan and Polack, 1972b), the relative value 
of the r- I;.*thylene-water partition coefficients for each of the solutes examined is 
provided by its reported hexane-water partition coef&ient. Mono~~~nenti~ disap 
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Fig. 1. Representative plots of fraction of solute remaining in aqueous solution in polyethylene con- 
tainers (brand A) at 37 f 1°C. *, benzyl alcohol; A, phenyl ethanol; a, chlorocreriol; o, acetophenone; 
0, nitrobenzene. 

pearance kinetics is observed for benzyl alcohol and phenyl ethanol (Fig. 1) and these 
solutes have reported hexane-water partition coefficients of less than one (Table 1). For 
solutes with hexane-water partition coefficients greater than one, b&exponential kinetics 
is apparent (Fig. 1, Table 1). 

The disappearance profiles of the solutes which have high affinity for the polyethylene 
examined in this study are consistent with a rapid and significant uptake of solute from 
the solution by the container wall followed by a slower and essentially irreversible loss of 
the solute to the atmosphere (Polack et al., 1979). If the solute has a low affinity for the 
container wall, an insignificant amount of solute is sorbed by the wall giving rise to mono- 
exponential kinetics. Mathematically, the fraction of solute in the solution, F,, is related 
to time in the case of b&exponential kinetics by the following equation: 

F, = Ae-OR + Be-@ (1) 

where A and B are the fractional zero intercepts (A t B = 1) and (Y and /3 are the fast and 
slow rate constants. The best estimates for these parameters are given in Table 1. Disap- 
pearance by monoexponential kinetics is described mathematically by the expression: 

h y +--P (2) 

where 9 is the disappearance rate constant. The difference in the constants (A, B, Q and 
0) fcr containers A and Ij (Table 1) probably reflect differences in the properties of the 
containers with respect to density, composition and thickness of the wall. 
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Fig. 2. Model used to examine disappearance kinetics of solutes from aqueous solutions stored in 
polyethylene containers. Symbols F and V refer to the fraction of solute remaining in, and the volume 
of, each of the ‘compartments’, solution (S), container wall tW) and atmosphere (A). 

The values for the individual kinetic constants in the compartmental model (Fig. 2) 
were computed from the vahres of A, 3, fy and 8 usiag the following equations (Doluisio 
et al., 1970; Levy and Rowland, 1974): 

k,,=AotBfl (3) 

P= k,aVs (7) 

where Cl, is the clearance of the solute from. the solution and P is the permeability 
coefficient of the solute in the container wall. It may also be shown th2t the distribution 
coefficient (R) of a solute between the wall of the container and the Johttion is related 
to the fractional zero-time intercepts A and B by 

providing A/at << B//3 (Levy and Rowland, 1974). For solutes in which mono=exponential 
kinetics is apparent, the values of Cl, and P have been determined from the following 
equation: 

c1,=p=v,a (9) 

Each of these indi~d~ kinetic contra i given in Table 1. There was greater error 
evolved in the estimation of OL than in the estimation of A, B and Ci due to the rapid 
uptake of the solute by the container wah. The values for clearance (CJ) and distribu- 
tion coefficient (R) are therefore more reliable estimates than the individual rate con- 



stants (kr2, ksr , kza) and the permeability coefficient (P). 
It is apparent from the Table that the clearance of the solute from the 

container ard the permeability coefficient of the wall are related in rank 
distribution coefficient of the solute between the wall and the solution. Gr 
reflected by increased clearance and permeability coefficient, occurs for 
greater distribution coefficients. Values for the distribution coefficients R are 
related to the reported hexane-water Tartition coefficients for th 
which further confirms the observation of Jordan and Polack (1972b) t 
ethylene-water partition coefficient of a solute may be directly 
water partition coefficient. Loss of solute from the wall of the container to the rtmo- 

sphere is not related to the hexane-water partition coefficient of the solute as indi 
by the fairly constant values of kss in Table 1. 

Volume and tempenatw 
Fig. 3 shows the effect of volume of solution in the container on the ass of nitr 

zene, acetophenone and chlorocresol following storage for 5 days at 37 f 1°C 
greater loss observed for the lower volumes is probably due to an incresse in the ratlo, 
surface area of the container in contact with solution/volume of solut on at the lower 
volumes. Polack et al. (1970) showed that, on autoclaving, the greater losses observed 
for lower volumes of solution could be directly related to’the surface area ‘vohune ratio. 

The loss of solutes from aqueous solutions during storage in polyeth_&ne containers 
is markedly temperature dependent, as illustrated by the disappearance kinetics of 
nitrobenwne at various temperatures (Pig. 4). The extent of loss due to sorption 
indicated by the intercept) and permeation (as indicated by the terminaI dope) 
increases with temperature. Similar configurations were observed for other solutes. The 

Volume (ml) 

Fig 3. JZffect of volume on the fraction of solute remaining in aqueous solution fo 
polyethylene containers (brand A) for 5 days at 37 f 1’C. e, chlorocresol; o, aeeto 
benzene. 
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Fig. 4. Effect of temperature on the disappearance kinetics of nitrobenzene from aqueous solutions 
stored in polyethylene containers (brand B). o, 18 f 1% o, 25 f 1°C; u, 37 f 1% u, 60 f 1% 

Fig. 5. Effect of ~~~8~~ the contaiuer in an ~ueous solution of ~~o~~~e (O~~~w~v) on the 
loss of ~trobenzene (0.05% w/v) from aqueous solutions in po~e~ylene conteiners fbmud B) at 
37 f PC. o, presoaked one week: A, presoaked one month; 0, no presoaking. 

thermodynamic parameters which can be derived from temperature studies will be 
reported in other work. 

Presoaking 
The extent to which a solute is taken up by the container wall rather than lost to the 

atmosphere is of particular interest if the loss of solute is to be reduced by pretreatment 
of the container wall. Fig. 5 shows the effect of presoaking the container on the disap- 
pearance kinetics of nitrobenzene from aqueous solu~ons. A similar profile was observed 
for chloroxylenol loss on storage in treated and untreated containers. It is apparent that 
presoaking abolishes the initial rapid phase of the disappearance versus time profile lead- 
ing to a significant reduction in loss. 

In theory, the fraction of solute in the wall F, at any time t can be calculated by use 
of Eqn. 10 derived by the method of Benet (1972) for the present ~ompartmenta1 model, 
i.e. 

klz F,=- 
@-ay 

(e-*’ - e-@) (10) 
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where krz, cx and 0 are the previously estimated values. It has however been shown by 
Polack et al. (1979) that this equation may not be applicable for solutes which have a 
high affinity for the plastic other than to estimate the maximum fraction in the wall. 
According to Eqn. 10 about 30% of the nitrobenzene is in the container wall after 2 days 
at 37 + l°C. The extent of the initral loss of nitrobenzene abolished by presoaking 
(Fig. 5) is also of this order. It is therefore suggested that the initial rapid phase results 
from sorption of the solute from the solution into the container. For solutes with a high 
affinity for the container, the extent of sorption can be significant. The profde of a plot 
of disappearance against time following presoaking is similar to that observed for a solute 
with a low hexane-water partition coefficient and for which accumulation of solute in 
the wall is negligible. The terminal phase of the disappearance kinetics profile for an 
untreated container has a slope not significantly different to that of the presoaked con- 
tainer (Fig. 5). Presoaking therefore appears to significantly influence the extent of 
loss resulting from sorption but to have a minimal influence on the loss of solute to the 
atmosphere by a permeation process. Furthermore, the time required to presoak the 
container to abolish significant sorption is relatively short (less than a week under the 
conditions used in this work). 

The importance of presoaking containers to diminish the extent of loss of ingredients 
on storage or during autoclaving is well recognized. The Australian Pharmaceutical 
Formulary (1974) recommends that for eye drops containing bacteriocides or preserva- 
tives and stored in plastic containers, the plastic containers should be impregnated with 
the bacteriocide prior to use. It is important to recognize that such treatment may 
reduce the loss due to sorption but not necessarily that due to permeation. 

External environment 

In order to ascertain the role of the boundary layer at the container wall-atmosphere 
interface on the disappearance kinetics of solutes from solutions stored in polyethylene 
containers, the containers were placed in various external solutions of different viscosity 
and solvent characteristics. The disappearance kinetics of nitrobenzene and phenylethanol 
from solutions stored in polyethylene containers at 37 + 1°C was not significantly differ- 
ent for the environments of air, water, ethanol, glycerol and propylene glycol. Significant 
increases in the rate of disappearance were observed when hexane or carbon tetrachloride 
was used as the external environment, The minimal effects of varying the external 
environment about the container (except if hexane or carbon techrachloride is used) is 
consistent with the atmosphere boundary layer exerting a negligible contribution to the 
overall resistance of the container wall to the permeation of solutes. 

Fltick (1967) has shown that ethanol does not interact with polyethylene to any 

significant extent; chloroform, cyclohexane and other solvents, however, produce 
swelling of the polyethylene. The acceleration in the disappearance kinetics of nitroben- 
zene and phenylethanol from aqueous solutions stored in polyethylene containers with an 
external environment of hexane or carbon tetrachloride may therefore be attributed 
directly to their effects on the polyethylene which leads to a reduction in the barrier 
properties of the polyethylene. 
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Fortnuiiztion variables 
wince the polyethylene-water partition coefficient appears to be the predominant 

factor controlling the extent of loss due to sorption and! permeation it follows that the 
extent of the loss may be reduced by appropriate formulation alterations. Fig. 6 shows 
the effect of adding the non-ionic surface active agent Tween 80 to aqueous solutions 
of nitrobenzene on the disappearance profile of that substance. In general, increased 
concentrations of the ‘I’ween reduce the extent of sorpltion (as reflected by the inter- 
cept) and permeation (as reflected by the slope) and therefore the overall extent of loss. 
The reduction in the loss can be directly attributed to ,the solubilization of the nitroben- 
zene by the Tween and the consequent decrease in the polyethylene-solution partition 
coefficient of the solute. Alteration of the solution polarity by the addition of a co-sol- 
vent can also diminish loss. In Fig. 7 it can be observed that the addition of glycerol will 
affect both the viscosity of the solution and the affmity of the solute for the poly- 
ethylene as indicated by its hexane-water partition coefficient. The reduction in the 
extent of the loss may be attributed to the alteration in the polarity of the solution rather 
than to any viscosity effects because equivalent viscosities produced by solutions of 
methyl cellulose have no effect on the extent of loss. The minimal effect of variation in 
the viscosity of the solution on the extent of the loss confirms the earlier suggestion that 
the rate$miting barrier for loss of solutes of aqueous solutions on storage in polyethylene 
containers is the polyethylene wall alone and that the boundary layer exerts a negligible 
effect on the rates of sorption and permeation. 

It could be anticipated that the extent of loss will also be dependent on the degree of 

Tim (days) 

Fig. 6. Disapp~ance kinetics of nitrobenzene from aqueous solutions of Tween 80 in po!yethylene 
CoEkGtum bnd B) at 37 f 1°C. Percentage (v/v) Tween 80 in aqueous solution: $0; 0, 2; A, 4; 
A, SC. 
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Fig. 7. Effect of the viscosity on the loss of nitrobcnzene (0.05% w/v) from polyethylene containas 
(brand B) in 4 days at 37 * 1°C. Open symbols, fraction of solute lost; closed symbols. hwme-water 
partition coefficient D and 0, glycerol; o and e, methylcelhdose. 

ionization of the solute in solution. Fig. 8 shows that the extent of loss is greatest when 
the solute is present as the unionized moiety. For the Ad 2-nitrophenol, loss is greatest 
below the pKa of 723 whereas for aniline which is a base, loss is greatest above the pKa 
of 4.58. Diminished ionization results in an increased affity of the solute for the poly- 
ethylene and an increased loss. 

McCarthy (1970) has reported losses from aqueous solutions in po?yethylene con- 
tainers which indicate an initial rapid sorption process followed by a slower permeation 
process. These data also indicate that solutes having a high affinity for the polyethylene 
(as reflected by high literature hexane-water partition coefficients) show the most 
extensive loss. Although this study, a previous report (Polack et al., 1970) and other 

Fig. 8. Effect of pH on the loss of 2-nitrophtnol and anihne from polyethylene contraiws (brand B) 
at 60 f 1°C for 2 days and 25 f 1°C for 19 days, respectively. o, aniibe; o, 2-nitrophenol. 



publications suggest that some solutes may be lost to a significant extent from poly- 
ethylene containers during either storage or autoclaving, polyethylene does have certain 
advantages as a container for packaging pharmaceuticals. It may in some instances prove 
to be the container of choice but in such cases it is important that the active ingredient(s) 
and the adjuncts should have little affinity for polyethylene. The characteristics which 
separate solutes having significant permeation *ates :%G.& polyethylene with loss to t’he 

atmosphere from solutes with significant sorption into poiyethylene but little loss to the 
atmosphere have yet to be ascertained. Curr:nt research in this laboratory is directed 
to this end. 
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