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ABSTRACT 

Analogue computations of the influence of variable 
experimental parameters on the dissolution kinetics of 
a drug have been applied to the development and pro- 
gramming of a flow-through type dissolution model. The 
investigations have been performed with non-formulated 
Phenylbutazone capsules. The analogue computations re- 
vealed definite values for a ptl-time-profile and an in- 
vitro-absorption rate constant, If the simulations were 
related to in vivo-data. Thus, programming a dissolu- 
tion device in this way the results meet both analogue 
computer simulation and in vivo-absorption kinetics. 

INTRODUCTION 

Dissolution models such as rotating basket or 
paddle are used in technological development and tes- 
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494 HEKZPELDT 

ting of oral drug preparations',*. Pot these wellknown 
dissolution models the experimental parameters volume, 
pH of the medium, and agitation are fixed. This measure 
may cause dlfferences beeween dissolution test results 
and in vivo-data. Flow-through type models are more 
adaptable to in vivo-properties because of variable ex- 
perimental parameters such as flow rate and pH-time- 
profile which have to be programmed3 ' I .  

Analogue computations are a usual tool for pharma- 
cokinetic work , but they have been unusual in the si- 
mulation of dissolution kinetics for the development of 
a dissolution test device. The present investigation 
deals with a new application of analogue computations 
to dissolution model development. Analogue computations 
are able to simulate in a very short time the influence 
of variable experimental parameters on the dissolution 
of a drug in a model. The aid of these simulations is 
in the evaluating of those experimental necessities 
which give a good correlation between dissolution test 
and in vivo-data. The purpose of this test was carried 
out with Phenylbutazone. Analogue computations were 
achieved with pfl- time-prof ilea , which consider the pll- 
and pKa-dependent solubility of Phenylbutazone. The 
effects of these pH-time-profiles on this solubility 
were made visible by solubility-time-profiles. The 
pseudo first-order absorption kinetics is also taken 
into consideration as in an organism after application 
of a drug an absorption process simultaneously takes 
place. Thus a dissolution profile with simultaneous ab- 
sorption process results. With respect to the variation 
of resulting absorption kinetics compared to in vivo- 
data of a non-formulated capsule two important parame- 
ters have to be derived for the construction and pro- 
gramming of a dissolution test device: 
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APPLICATION OF ANALOGUE COHPUTATIONS 495 

the pfi- t ime- pro f 1 le , 
and the absorption rate constant. 

The results of analogue computations, of in vivo-data, 
and of dissolution model investigations will then be 
related to one another. 

METIiODS AND MATERIALS 

Fig. 1 shows in detail the complete circuit for 
the analogue computations6. It consists of an integra- 
tor element at the top of the figure which construct 
the time axis (abscissa) with the aid of a time scaling 
factor B. All other computing elements of this circuit 
can be used alone or connected as shown. Each output of 
the computing elements was used to draw an ordinate 
function. The following functions were simulated: 

pH-time-prof ile pH (t) 
solubili ty-pif-prof 1 le L (pH) 
solubility-pli-time-profile L (pii, t) 
dissolution-time-profile (t) 
with simultaneous absorption 
absorption kinetics ABS (t) 

The differentiation of L is necessary because of 
to avoid double integration. The variations of pR-time- 
profiles and of rates of absorption were achieved by 
two potentiometers "k" (pH-time-profile) and "k," (ab- 
sorption rate constant). 

in vivo-Data 

Plasma level data of Phenylbutazone after applica- 
tion of a non-formulated capsule, which has been deter- 
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4 96 MERZFELDT 

FIGURE 1 
Analogue Computer Circuit for the Simulation of Dissolu- 
tion and in vitro-Absorption Kinetics of Phenylbutazone 

mined by LEESON et a1.' has been used to evaluate the 
rate constant of absorption . 8 

Dissolution Model Investiqations 

The device  of a flow-through type dissolution mo- 
d e l  and results of investigations has been published 

4 elsewhere . 
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RESULTS 

pH-Time-Profiles 

The simulations of pH-timeprofiles were made for 
the range of pH 1.5 to 7.2 according to a possible nor- 
mal pfi-profile in the human gastrointestinal tract. The 
pff-time-profiles were constructed by an exponential 
equation. The results of these simulations are shown i n  
fig. 2. The analogue computer circuit with its dimen- 
sions is shown inside the figure. 

The variation of the first-order rate constant k 
ranges from 0.3 to 0.02 [min-'l. These variations re- 

.-MV 

.cpH l.S...7.2 

FIGURE 2 

Analogue Computer Simulation of pH-Time-Profiles 
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4 98 HERZFELDT 

sults in time values of 20 minutes to 240 minutes rea- 
ching a pH of 7.2. 

pH-pK -dependent Solubility of Phenylbutazone 

The solubility of Phenylbutazone depends on its 
pKa-value (4.5) and the pH of the medium. Solubility 
data of Phenylbutazone are used to apply a simplified 
solubility function according to that of KREBS and 
SPEAKMAN? This solubility-pH-function (f 19. 3)  is si- 
mulated by a zero-order pH-profile €or the abscissa as 
it is used for time axis construction and by a positive 
exponential device as shown in detail in fig. 1. 

PH - 
FIGURE 3 

Analogue Computer Simulation of the pH-dependent Solu- 
bility of Phenylbutazone 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



APPLICATION OF ANUUGUE COFPUTATIONS 4 99 

The resulting function for simulating solubility 
data of Phenylbutazone is 

L - a - c  2*303 pH for 1.5 1 pH 7.2. 

The origin of the computing constant 'ar is miscellane- 
ous. It includes the maximum solubility value of 200mg8 
at pH 7.2, depends on the pK,-value of Phenylbutazone, 
and is related to the minimum solubility at pH 1.5. As 

can be seen from fig. 3 all oolubility data can be de- 
scribed by this function. 

Influence of pH-Time-Profiles on Solubility-Time-Pro- 
files - 

The solubility-time-profiles of Phenylbutazone are 
simulated under the influence of various pH-time-pro- 
files, which have been described above. These simula- 
tions are shown in fig. 4. Maximum solubility of 1.0 
computer units is defined by 200 mg% according to a p11 

of 7.2. 

A fast pH-timcprofile with a rate constant of 
0.2 [min"] requires 45 minutes to reach a maximum so- 
lubility. A smaller rate constant e.g. of 0.06 [1.1in"1 
result8 in 180 minutes for maximum solubility. 

Differentiation of the Solubility-Time-Profiles 

The solubility-time-profiles have to be dlfferen- 
tiated for further simulations in order to avoid double 
integration. This differentiation is performed by the 
circuit inside fig. 5. The curve dL/dt is generated 
from the solubility-time-profile L, the general form of 
which is illustrated in fig. 5. 
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HERZFELDT 500 

60 1 to 180 
Time Crninl - 

FIGURE 4 
Analogue Computer Simulation of Solubility-Time-Profiles 

of Phenylbutazonei Variation of pH-Time-Profiles 

Dissolution Kinetics with Simultaneous Absorption 

An absorption process with a first-order rate con- 
stant is simultaneously connected to the differentiated 
solubility-time-profile. This measure results in the 
solubility-time-profile by integration with slmultane- 
ous absorption, which indicates possible dissolution 
kinetics in a flow-through type model. 

fluence of different rate constants of pH-time-profiles 
DiS8OlUtiOn profiles were obtained under the fn- 
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Time Units - 
FIGURE 5 

Differentiation of a Solubility-Time-Profile 

and absorption kinetics. Fig. 6 shows an example of a 
constant rate of absorption with ka 
various rates of pH-time-profiles. 

0.828 [h”] with 

The continuous processes of increasing dissolved 
drug amounts by pH- and time-dependent solubility and 
of simultaneous decreasing by absorption characterize 
dissolution profiles with a maximum. This maximum rises 
to 0.78 computer units at 30 minutes with a rate con- 
stant of pH-time-profile of 0.2 [min”], The maximum 
decreases to lower values with decreasing rate con- 
stants of pH-timeprofile and the time for reaching 
this maximum increases simultaneously. 

to demonstrate the influence of different absorption 
rate constants (fig. 7 ) .  The maximurn amounts of d i s -  

A constant rate of pH-time-profile has been used 
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60 120 I80 240 
Time Lminl - 

FIGURE 6 

Analogue Computer Simulation of Dissolution Kinetics 
with Simultaneous Absorption 

(ka-0.828 h'l; Variation of pH(t)) 

solved drug do not change with this variation, but the 
time to reach this maximum decreases with decreasing 
rate constants of absorption. 

Absorption Kinetics 

The former programming has been used to draw the 
various resulting absorption cumres. These absorption 
curves should be related to in vivo-absorption data in 
order to get parameters for the dissolution model deve- 
lopment. Firstly, the absorption kinetics are generated 
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80 i 
1 6 0 -  
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0 m 

0 

- !! 
._ 40- 

s 
20 - 

b Ch"3 

60 120 180 240 
lime Cminl - 

FIGURE 7 
Analogue Computer Simulation of Dissolution Kinetics 

with Simultaneous Absorption 
(pH(t) by kr0.08 min-1; Variation of ka) 

by various pH-time-profiles with a constant rate of ab- 
sorption, and secondly, by a constant pI1-time-profile 
with different rates of absorption (fig. 8 and 9). 

The in vivo-absorption process of a non-formulated 
capsule was best described by a pH-time-profile with a 
rate constant k - 0.08 [min-ll and an absorption rate 
constant ka = 0.828 [h'll. The analogue computation of 
absorption kinetics with these data.meets all in vlvo- 
data past 45 minutes. The first three In vivo-values up 
to 4 5  minutes are higher than the simulated values 
within an absolute deviation of 6%. 
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t Q6 
.- S Q6 
e 
7 

lime [mid - 
FIGURE 8 

Analogue Computer Simulation of Absorbed Drug Amounts 
(kS=0.828 h-1 I Variation of pH(t) ; 

0 : in vivo-Data after LEESON, 197s) 

Dissolution Model Progranuninq 

The analogue computations of the influences of 
various p1i-time-profiles and absorption rates result in 
two important values: 

1. pU-time-profile with k = 0 . 0 8  [min"] 
2. rate constant of absorption ka = 0.828 [h"], 

which meet the in vivo-data after application of a non- 
formulated capsule. These values are the programming 

The absorption rate of ka = 0 . 8 2 8  [h"l is maintained 

parameters for a flow-through type dissolution model 4 . 
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APPLICATION OF ANALOGUE COMPUTATIONS 505 

Time Cminl - 
FlGURE 9 

Analogue Computer Sinrulation of Absorbed Drug Amounts 
(pH(t) by klo.08 min-l; Variation of ka; 

t in vivo-Data after LEESON, 1975) 

by a flow rate of 0.86 ml/min and a dissolution volume 
of 62.3 ml. To meet the requirements of the pH-time- 
profile with k = 0.08 [min-’] an acidic medium with 
decreased capacity has .to be used, which is continu- 
ously neutralized by artificial intestinal buffer solu- 
tion with the flow rate mentioned above. 

Relation between Analogue Computations and Dissolution 
Model Investigations 

Two examples of dissolution model investigations. 
with different acidic capacity of the medium meet the 
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506 HERZFELUT 

analogue computation curves for Phenylbutazone with pH- 
time-profiles described by rate constants of k = 0.10 
Imin-'] and k = 0.08 fmin-'] respectively. The analogue 
computer rate of absorption is ka = 0.828 [h'll. The 
absorption rate in the dissolution model has been in- 
creased to 0.88 [h"I to give a correlation (fig. 1 0 ) .  

. t  n 8o 
Y s 
Q, 60 C 
0 
N 
0 
1 
rr 

n 
40 

C al 
E a 

20 

r t 

60 ' I20 180 240 
Time Cminl - 

FIGURE. 10 
Relation beetween Analogue Computations and Dissolution 

Model Investigations of Phenylbutazone 
Analogue Computations: DLssolution Hodel Investi- 

- pH(t) by k10.10 min-' 
--- pli(t1 by k e . 0 8  rain-' 0 pH(t) by 0.3 capacity 
ka=O. 828 h-' 

gations (nonform. Capsule) : 

o pH(t) by 0.2 rel. acid. 

ka=O. 88 h-l 
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APPLICATION OF ANALOGUE COMPUTATIONS 507 

Correlation Test 

The basis for a correlation is absorption kinetics, 
which has been obtained by analogue computations, in 
vivo-data, and dissolution model investigation. This 
correlation test is  shown in detail in fig. 11: open 

0' 
/ 

/ 
/ 

I. 
/ 

0' 
/ 

/ 

/ d 
/ 

W 
/o 

8,' 

0 
0 

I 8' 

I JJ- I I I I I I I 
60 120 180 240 

lime lmin I - 
FIGURE 1 1  

Correlation between Analogue Computations, in vivo-Data, 
and Dissolution Model Investigations 

ka=0.828 h'l; pH(t) by kr0.08 rnin'l 
in vivo-Data after LEESON, 1975 

Dissolution Model Investigation 

ka-0.88 h'tt pa(t) by 0.3 rel.acid.cap. 

--- Analogue Computer Simulation 

nonfonnulated Capsule 

0 nonformula ed Capsule 
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5 0 9  HEBZFELDT 

squares indicate dissolution model results, filled 
squares are in vivo-absorption data, and the broken 
line shows the analogue computation. 

As can be seen from fig. 1 1  these three kinetic 
processes are going together on nearly one line. 

DISCUSSION 

The application of analogue computation to dlsso- 
lution model development leads to an integrated system 
of kinetic functions. These kinetic functions depend on 
the behaviour of a drug in the organism and on proper- 
ties of the drug itself. In the case of Phenylbutazone 
there Is a pii-dependent solubility, which rapidly in- 
creases at pti 5.5 and higher (fig. 3 ) .  Therefore, the 
pH-time-profile below pU 5.5 is less Important for so- 
lubility. The interesting part of this profile is above 
pH 5.5. The pI1-time-profiles shown lnfig. 2 are slmpli- 
fied with no respect to physiological properties. If 
the pH-time-profile and the solubility function is con- 
nected, aolubility-time-profiles result. The simultane- 
ous absorption leade to dissolution kinetics in an open 
system. The registration of absorption kinetics Is the 
tool for the possible relation of analogue computations 
to in vivo-data (figs. 8, 9 ) .  Two important parameters 
will be obtained for the device and program of a flow- 
through type dissolution model. The result of such a 
dissolution test is the possibility to relate its over- 
a l l  kinetics with those of in vivo-data. This method 
seems to be more convenient than the relation of a dis- 
solution point (e.g. time for 0 disaolved) to height of 
blood level or area under curve. The application of 
analogue computations helps to develop and program a 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



APPLICATION OF A " E  UMPUTATIONS 509 

dissolution model in order to forecast bioavailability 
of drug forms in a better way than contemporary models 
do. 
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