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Abstract 

The release of urea from a coated urea bead in water and in aqueous glycerol solutions is investigated 
experimentally. Experimental data of 19 release systems are analyzed and correlated using the dimensionless 
equations that have been discussed in part 1 of this work. The ratio of partition constants and the ratio of diffusivity 
to partition constant are determined. 
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1. Introduction 

In part  1 of this work, diffusion drug release 
from a coated pure drug bead in an elution liquid 
of known volume has been presented in dimen- 
sionless form. A release system consisting of a 
particle and an elution liquid is completely de- 
fined once dimensionless parameters  pu/C~, s, 
and p are specified. The release behavior of a 
particle over its entire release life is described by 
using dimensionless cumulative release Y, dimen- 
sionless release rate d Y / d X ,  and dimensionless 
t ime X. Fractional cumulative release and dimen- 
sionless release rate have been respectively uni- 
fied with respect to parameter  p. Systematic cor- 
relation and comparison of release data of differ- 
ent systems and sources are therefore made easy. 

* Corresponding author. 

In this part  of the work, experiments have 
been conducted to verify the results presented in 
part  1. A coated urea  bead is used to release urea 
in water and in aqueous glycerol solutions of 
different concentrations. 

2. Experimental 

A urea bead of diameter  about 15 mm is 
prepared and weighed. The bead is coated with 
ethyl cellulose. 2.5 g of ethyl cellulose powder 
(Ethocel 45STD, Dow Chemical Co.) is mixed 
with 50 ml acetone in a 125 ml tinted flask. After  
about 1 h of stirring, a clear colorless solution is 
obtained. The urea  bead dipped in this solution is 
placed on a Teflon coated plate and is rolled 
around the plate to make the coating as uniform 
as possible. This coated bead is then dried in an 
oven at 50°C. The processes of dipping, rolling, 
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and drying are repeated until a desired weight of 
coating has been added to the bead. For coating, 
high ethyl cellulose concentration is not desirable 
in that increased viscosity can cause the coated 
film to peel off from urea bead, low ethyl cellu- 
lose concentration is also not desirable in that 
excessive amounts of solvent and labor will be 
needed for a given amount of coating. In the first 
few layers of coating, urea may crystallize on the 
coated surface and thus may make the surface 
uneven. These crystals are rubbed off to prepare 
a smooth surface for the next coating. The fin- 
ished particle has a smooth, yellow brown sur- 
face. 

For release testing, a coated particle is placed 
in a 125 ml flask that contains 100 ml of an 
elution liquid. Four elution liquids, water, 10, 30, 
and 50% aqueous glycerol solutions, were used. 
The flask is mounted on an orbital shaker of 1 
inch stroke and 120 rpm. The release tempera- 
ture is 25°C. A particle with good coating was 
observed to remain at the bottom of the flask 
throughout the release test. The core bead which 
decreases in size with time is visible under light. 

The cumulative release data are determined by 
using basically the method described by Lu and 
Lee (1992). At the end of a release lifetime, the 
concentration of urea in the elution liquid, C~,~n d, 
becomes invariant with time. The liquid inside 
the particle is then extracted by a hypodermic 
needle and its concentration of urea, C~,end, is 
determined. The hollow particle is a hard shell 
which may be cut open by a knife. The inner 
surface is not as smooth as the outer surface and 
shows printing of the surface pattern of the urea 
bead. For water as the elution liquid, the liquid 
stays clear during the release test. For 30% glyc- 
erol solution, when compared with 10 and 50% 
solutions, the liquid tends to have some white 
thread-like substance in the solution. 

3. Results and discussion 

3.1. Abou t  the tables 

For the release of urea in water, the variables 
pertaining to each particle are tabulated in Table 

1. The first column lists the names of the parti- 
cles. The following columns show: W1, the initial 
weight of a urea bead; WE, the weight of a coated 
particle; Wu, the weight of urea after coating, 
obtained by summing up weights of urea assayed 
at the end of a release test; and (W i - Wu) /W1 ,  
the relative loss of urea. The density of the coat- 
ing layer, Peilm, is 1.18 g /ml .  Radii b and a, 
coating thickness a -  b, and radius ratios a / b  
are then calculated and tabulated in the next four 
columns. 

The above columns are followed by columns 

for Cc,end/Ce,end and K b / K  a. Cc,en d and Ce,en d 
represent, respectively, the concentrations of urea 
in the core and in the elution liquid at the end of 
an experiment. As Cc,~/Ce, ~ = K b / K  a (see foot- 
note of tables), the ratio C¢,end/Ce,en a is used to 
evaluate K b / K  a. The difference between Cc,end, 
Ce,~n d and C¢,~, C~,~ is that the former are experi- 
mental values for which a small amount of elu- 
tion liquid has to be taken for assaying urea 
concentration and the latter are theoretical val- 
ues for which there is no such need. The column 
'Adopt. '  K b / / g  a shows the magnitudes of K b / / K  a 

adopted in calculation to obtain a good fit be- 
tween the data and the equation. In Table 1, the 
maximum difference and the average relative dif- 
ference between Cc,ena//Ce,end and K b / K  a are 
found to be 6 and 2.5%, respectively. 

The next two columns, 'Calc.' Mt~ (see foot- 
note of tables) and 'Exp.' Mt~ , show the calcu- 
lated and the experimental total cumulative re- 
lease. The maximum and the average relative 
differences between them are 1 and 0.5%, re- 
spectively. 

Columns N l ( -  (47rD / K a / V ~ ) ( a b / ( a  - b))  

and t S list N 1 and critical time. They are deter- 
mined by the linear regression of experimental 
cumulative release data in t < t  s on equation 
In(1 - F )  = - N i t  (Lu and Lee, 1992). The results 
of regression are further checked by the fitness 
between the experimental data and the dimen- 
sionless equations in t > t s. 

The following column shows Mrs which is the 
cumulative release at t = t s. The column for D /  
Ka shows effective diffusivity relative to K a. They 
are calculated from N r The last three columns 
show V r, the volume ratio of elution liquid to 
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Fig. 1. Fractional cumulative release vs time, in water. 

150 

1 ~ k - - -  • ir 

0.8 

0 6 ,,~ sample 
' 7 ,, 0D 

• OE 
a OF 

0 4 /~ x OK 
• ~ @ OL 

+ ON 
i -- ON (calc.) 

0'2 0 / 

1 2 3 4 

X/X,  
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particle, and s and p, the dimensionless parame- 
ters. The magnitudes of Prom, Pu, C~, pu/C~ are 
listed at the end of the table title. 

Tables 2 and 3 are like Table 1 but are for 
cases with 10 and 30% glycerol solutions as the 
elution liquid. In the following sections, the re- 
lease of urea is discussed according to the elution 
liquid. 

3.2. In water 

Fig. 1 shows experimental fractional cumula- 
tive release vs time. This is the conventional plot 

120 
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X 

Fig. 2. Dimensionless cumulative release vs dimensionless 
time, in water. 

that is often used to present experimental results. 
In this paper, however, the experimental data are 
analyzed and presented in dimensionless forms. 
Once the dimensionless parameters like those 
shown in Table 1 are determined, the release 
data are describable by the dimensionless equa- 
tions given in part 1. • 

Fig. 2 shows dimensionless cumulative release 
vs dimensionless time. Symbols represent the ex- 
perimental data and solid curves the results of 
calculation. This figure is after Fig. la  o f  part  1. 
Table 1 shows that each particle sample is differ- 
ent from the others. The last four samples, how- 
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Fig. 4. Dimensionless release rate vs X / X s ,  in water. 



122 S.M. Lu, J.-Y. Yu / International Journal of Pharmaceutics 112 (1994) 117-124 

i B  
+ +  • 

0.8 ~ @ A A t / - m  n 

s i m p l e  

a i ~  * 10E 
A. 1 OF 

, / I  x I OG 
0.4 ~ .  + 1 OH 

• 101 

- -  t ( e  t e . ~  
(I.2 

( 1 ~  h i i i 

(1 l 2 3 4 5 
X/Xs 
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Fig. 7.  Dimensionless cumulative release vs dimensionless 
time, in 30% aqueous glycerol solution. 

ever, have K b / K  a and s closer to each other in 
magnitudes. The average K b / K  a and the aver- 
age s for the four samples are 8.9 and 8. Fig. 2 
and Table 1 show that excepting sample 0E for 
which s is minimum, the curve moves upward as 
a / b  decreases. Coating technique and surface 
condition of the pure drug bead are important for 
producing particles of similar release behaviors. 

Fig. 3 shows Y/Y= vs X/X~.  Symbols denote 
experimental data and the solid curve represents 
a calculated result. Only one calculated result is 
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Fig. 6. Dimensionless release rate vs X/Xs,  in 10% aqueous 
glycerol solution. 

shown to avoid crowding the figure. Table 1 shows 
that K b / K  a >> 1, i.e., K,~ /K b << 1. Therefore,  in 
Fig. 3, the curve traced out by the data points of 
a given release system represents the limiting 
curve which is independent of p, i.e., the system 
is dependent  only on s and pu/C~. 

The rate curves are shown in Fig. 4. The rates 
are calculated as described in part 1. The calcu- 
lated results are nevertheless represented by sym- 
bols so the rates of different samples can be 
recognized by different symbols. For the magni- 
tudes of s shown in Table 1, the drop in rate at 
critical time is less than 20%. 

3.3. Particle in aqueous glycerol solutions 

For particles releasing urea in 10% glycerol 
solution, the results are shown in Table 2 and 
Fig. 5 and 6. Table 2 shows that the magnitudes 
of s for the first four samples are closer to each 
other. The average K b / K  a and the average s for 
the four samples are 10.6 and 6.7, respectively. 
The ratio of the maximum s to the minimum s is 
about 2, the same as that in Table 1. However, 
the spread in data shown in Fig. 5 and 6 are 
greater than that shown in Fig. 3 and 4. This is 
because the s in Table 2 are in general smaller 
than the s in Table 1. 
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For particles releasing urea in 30% glycerol 
solution, the results are shown in Table 3 and 
Fig. 7 -9 .  Table 3 shows that s are rather small 
and excepting sample 30J, the magnitudes of s 
are relatively close to each other. For these five 
samples, the average s is 2.79 and the average 
K b / K  a is 25.7. Fig. 7 shows Y vs X. Insets (a) 
and (b) are for samples 30G and 30J. The solid 

curve in inset (b) is calculated using X~ = X -  5 
instead of X 1 = X -  1 /6 .  This results in better fit 
between the calculation and the experiment espe- 
cially in t < t s. This implies that initial stage lasted 
longer than that accountable by equation X,  = X 
- 1 / 6 .  This tendency has been noticed in data 
obtained with glycerol solutions of high concen- 
tration. The extended lag time may be due to 
time taken by the liquid to permeate the coating 
layer. 

Fig. 7 when compared with Fig. 2 shows that 
experimental data are either less smoothly be- 
haved or less satisfactorily fitted by equations, 
especially at the bending of the curves. With 50% 
glycerol solution as the elution liquid, fitting of 
experimental data to equations becomes difficult. 
This may due to viscosity, increased glycerol con- 
centration, and fixed rpm used in the experi- 
ments. Fig. 8 shows the plot of Y/Y~ vs X / X  s. 
The solid curve represents a calculated result. 
Fig. 9 shows rate curves. At critical time, the 
dimensionless rate dropped to around 0.4. 

3. 4. Comparisons of the results 

Comparison of Tables 1 -3  shows that as the 
concentration of glycerol solution is increased 
from 0 to 30%, pu/Cs increased from 2.11 to 
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2.68, the averaged K b / K  a increased from 8.9 to 
25.7, the order of magnitude of D / K  a increased 
from 10 -8 to 10 -7, and the averaged s decreased 
from about 8 to 2.79. In the present experiments, 
V~ are around 55. The main factor that affected 
the magnitude of s is K b / K  ~. 

Comparison of Fig. 3, 5, and 8 shows that the 
curve shifts toward the left-hand side when glyc- 
erol concentration is increased. This is due to the 
increase in pu/Cs and also to the decrease in s. 
The increase in pu/C~ is not large, but the de- 
crease in s is substantial. Comparison of Fig. 4, 6, 
and 9 shows that decrease in d Y / d X  at critical 
time increased from about 20% to about 60%. 

D / K ~  and D / K  b of all samples are plotted 
against coating thickness in Fig. 10. D / K  b are 
calculated from the columns D / K ~  and K b / K  a 
in the tables. In Fig. 10, the filled symbols refer 
to D / K a  and other symbols to D / K  b. The 
dashed curves separate D / K ~  data into three 
regions according to the concentration of glycerol 
solutions. For all samples, D / K  b are smaller 
than D / K  a, and in contrast to D / K , ,  D / K  b is 
relatively constant with respect to coating thick- 
ness. The maximum, average, and minimum of 
D / K  b of all samples are 1.042 × 10 -8, 0.7621 x 
10 -8, and 0.4781 × 10 -8 cmE/s, while for D / K ~ ,  
they are 25.31 × 10 -8, 15.85 x 10 -8, and 5.252 x 
10 -8 cmZ/s. 

4. Conclusions 

Experimental release data of urea from a 
coated urea bead in water and in aqueous glyc- 
erol solutions show that for elution liquids up to 
around 30% of glycerol solution, the data may be 
correlated according to the dimensionless equa- 
tions presented in part 1. Systematic correlation 
and comparison of data of different systems and 
sources are therefore made easy. 

Nomenclature 

a 

b 
C 

Cc 

Ce 

Cs 

D 

F 

Ka,Kb 
M, 

Ul 
P 
s 
t 

V 

w. 
Wl 

X 

Y 

P 

radius of particle, cm 
radius of drug bead, cm 
concentration of urea in coating layer; 
C , , C a t  r = a ; C  b , C a t  r = b ; g / c m  3 
concentration of urea in core; Cc,en a, C c 
at the end of a release experiment; Co,=, 
theoretical C c at the end of a drug re- 
lease for which no liquid samples are 
taken for assaying the drug, g / c m  3 
concentration of urea in elution liquid; 
Ce,end, Ce at the end of a release experi- 
ment; C~,=, theoretical C, at the end of a 
drug release for which no liquid samples 
are taken for assaying the drug, g / c m  3 
saturation concentration of drug in elu- 
tion liquid, g / c m  3 
effective diffusivity of coating layer, 
cme/s  

=-- (KbVe/KaVeXMt/(VcCs)), - 
K a =- Ce/Ca, Kb =-- C c / / C b ,  - 

cumulative release per particle at t; Mrs, 
at ts; M,=, at t=, g 
-- (47rDab)/(  KaV~(a - b)), - 
= 3(K a / K b ) ( a / b ) ( a / b  - 1), - 
= ( K  a / K b X V r X a / b )  3, - 
time; t=, infinite time; t~, time at which 
solid urea in the core is just exhausted; s 
volume, cm3; Ve, volume of elution liquid; 
V~, volume ratio of elution liquid to 
coated particle, - 
weight of urea after coating, g 
initial weight of urea bead, g 
weight of coated urea bead, g 
dimensionless time, -= D t / ( K a ( a  - b)Z); 
,It's, at t = Is, - 
dimensionless cumulative release, = 
( M t ) / ( 4 ~ r a b ( a - b ) C ~ ( K a / K b ) ;  Y~, Y at 
t ~ , -  
density: Pu, of drug; Ofilm, of coating; 
g / c m  3 
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