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ABSTRACT 

In the present investigat-on, t.-e ,n vitro 
dissolution rates of five commercially available 
tablets and capsules containing nitrofurantoin were 
compared with the urinary excretion of the drug and 
with the calculated dissolution in man. The in vitro 
dissolution profiles were obtained using the Rotating 
Basket (USP), the Paddle Method and a Flow-through 
dissolution cell. No correlation could be found 
between in vitro and in vivo results using the Rota- 
ting Basket or Paddle Methods. With the Flow-through 
cell, a correlation (r = 0.97) could be shown for 
only four of the five dosage forms. 

A new type of dissolution model has been 
developed, consisting of two, interconnecting Flow- 
through cells, in an attempt to enable in vitro/in 
vivo correlations to be made for all preparations 
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476 GRONING 

tested. I n  t h i s  novel  model, t h e  dosage form 
d i s i n t e g r a t e s  i n  t h e  " g a s t r i c "  p a r t  of t h e  model and 
some of t h e  d rug  p a r t i c l e s  are c o n t i n u o u s l y  pumped 
i n t o  t he  " i n t e s t i n a l "  part. T h i s  nev model gave good 
c o r r e l a t i o n s  ( r  = 0 . 9 8 )  between i n  v i t r o  and i n  v i v o  
r e s u l t s  for a l l  the  tab le t s  and c a p s u l e s  of n i t r o -  
f u r a n t o i n  tested. 

INTRODUCTION 

In  v i t r o  tests are be ing  i n c r e a s i n g l y  used t o  
determine t h e  rates of d i s s o l u t i o n  of *problem* d r u g s  
from oral  p r e p a r a t i o n s .  However q u e s t i o n s  have been 
r a i s e d  concern ing  t h e  a b i l i t y  o f  i n  v i t r o  methods t o  
a c c u r a t e l y  p r e d i c t  release i n  v ivo .  

I n  t h e  p r e s e n t  i n v e s t i g a t i o n ,  tlie q u e s t i o n  of 
how w e l l  i n  v i t r o  release tests can  be  c o r r e l a t e d  
w i t h  i n  v ivo  release s k u d i e s  has  been examined w i t h  
r e f e r e n c e  to t h e  "problemm drug  n i t r o f u r a n t o i n .  

N i t r o f u r a n t o i n  is a s p a r i n g l y  soluble d r u g  
which is p a r t i c u l a r l y  s u i t e d  to  comparative i n  v i t r o f  
i n  v ivo  i n v e s t i g a t i o n s ,  because i ts  cumula t ive  
u r i n a r y  e x c r e t i o n  curve r e f l e c t s ,  a f t e r  a ve ry  s h o r t  
de l ay ,  the k i n e t i c s  o f  release o f  t h e  a c t i v e  
i n g r e d i e n t  from the  dosage form. By u s i n g  s o l u t i o n s  
of the d rug ,  t h e  a c t i v e  i n g r e d i e n t  is i n  a r e a d i l y  
a v a i l a b l e  form from t h e  ve ry  o u t s e t  of t h e  
experiment .  S t u d i e s  i n  six s u b j e c t s  showed t h a t  
w i t h i n  one  hour ,  more t h a n  75 0 ,  and w i t h i n  2 hours  
more than  9 0  % of t h e  non-metabolised f r a c t i o n  o f  
n i t r o f u r a n t o i n  is e x c r e t e d  i n  t h e  u r i n e  ( 1 ) .  
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NOVEL DISSOLUTION MODEL 477 

The particular suitability of nitrofurantoin 
for correlation studies of biopharmaceutical data has 
already led to several in vitro/in vivo comparative 
investigations with this drug ( 2 , 3 , 4 , 5 , 6 ) .  All of 
these studies have essentially attempted to show a 
correlation between the rate of dissolution of the 
drug in vitro and its renal excretion curve. Although 
not described as such by the authors, the in vitro 
tests used are really accelerated dissolution tests, 
i.e. the dissolution in vitro proceeds in all cases 
faster than the comparable release in vivo. Attempts 
are made to correlate very different rates of release 
by mathematical methods. Until now however, even this 
procedure, when applied to the testing of commercial 
preparations, has failed to show any correlation 
between in vitzo and in vivo results. 

Nitrofurantoin is used therapeutically in 
several different dosage forms. For oral administ- 
ration, coated and uncoated tablets, as well as hard 
gelatine capsules are on the market. According to the 
manufacturers, the release of the drug in the major- 
ity of these preparations is controlled by the 
particle size of the active ingredient. A deviation 
from this formulation principle arises in a commerc- 
ially available capsule where microcrystalline nitro- 
furantoin is contained in an acid-resistant coated 
and granulated form. With this preparation a 
different pattern of release is to be expected, since 
here, quantitative release can only occur after the 
drug has passed the stomach. 

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.



4 78 CRONINC 

METHODOLOGY 

In  v i t r o  s t u d i e s  

Paddle Method 
900 ml of d i s s o l u t i o n  medium w e r e  poured i n t o  a 

tr iple-necked loo0 m l  round bottomed f l a s k  and t h e  
d i s so lu t ion  test c a r r i e d  o u t  a t  37OC. The dimensions 
of t h e  paddle corresponded to  those  given by Rothe 
(12 ) .  The speed of r o t a t i o n  of t h e  paddle w a s  5O/min. 

Composition of t h e  d i s s o l u t i o n  medium: 
pH 3.0; physiological  s a l i n e ,  ad jus ted  t o  pH 3 with 
0.1 N HCL. 
pH 7.2; i s o t o n i c  phosphate b u f f e r  USP with a pB of 
7.2.  

Rotating Basket Method 
The procedure w a s  carried o u t  as s p e c i f i e d  in t h e  
USP X I X .  

Flow Through C e l l  

According t o  Dibbern and Wirbi tzki  ( 1 3 ) ;  d e t a i l s  of 
t he  pH p r o f i l e  and f l o w  rates are descr ibed by ( 9 ) .  

Two compartment d i s s o l u t i o n  model 
The dimensions of t h e  ind iv idue l  flow through cells 
correspond t o  those  descr ibed by Dibbern and Wirbitz- 
ki ( 1 3 ) .  

Fig. 1 shows the cons t ruc t ion  of t h e  model used. The 
inner  diameter of t h e  connection between t h e  dissolu- 
t i o n  compartments is 5 ram. The d i s t ance  between t h e  
t w o  cells is 2 0  mm. C e l l  A conta ins  12 g l a s s  beads 
around 8 mm diameter.  There is a p l a s t i c  sponge in 
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NOVEL DISSOLUTIOEl HODEL 479 

FIGURE 1 
Diagram of the two compartment dissolut- 

ion model used in these studies. 

cell A up to the level of the connection with cell B. 
In this way accumulation of air bubbles in cell A 

during the experiment is avoided. The sponge is so 
arranged that any air is pumped into cell B. 

During the experlment the cells are rotated by 
a slow running electric motor ( 3  reva/min) which 
turns three quarters of a revolution one way and then 
back. The two cells and a reservoir for dissolution 
medium are contained in a constant temperature water 
bath at 37OC. For an accelerated release test the 
following flow conditions were adjusted: cell A, 

inflow 200 ml/hr, outflow 1 0 0  ml/hr; cell B, inflow 
100 ml/hr, outflow 200 ml/hr. For the release test 
providing time correlation the following flow 
conditions were adjusted: cell A, inflow 100 ml/hr, 
outflow 50 ml/hr; cell B, inflow 50 ml/hr, outflow 
100 ml/hr; after 90 minutes: cell A,  inflow 66 ml/hr, 
outflow 33 rnl/hr; cell B, inflow 33 ml/hr, outflow 
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4 80 GRONINC 

66 ml/hr. Physiological saline, adjusted to pH 3 by 
flCl i s  pumped into cell A.  Isotonic phosphate buffer 
USP pH 7.2 is used in cell 8 .  

The in vitro data presented in this study always 
represent the arithmetic means of at least 4 
determinations. 

In vivo investigations 

4 or 6 subjects, are given in ( 7 8 8 ) .  

Detailes of the in vivo studies, carried out in 

RESULTS 

Cumulative urinary excretion 
The cumulative urinary excretion of nitro- 

furantoin in man after administration of five 
commercially available preparations is shown in Fig. 
2 a 17,8).  Comparison of the results shows that the 
urinary excretion of nitrofurantoin after administ- 
ration of tablets and hard gelatin capsules with 
macrocrystalline drug (Preparations 8 ,  C and D) 
follows a broadly similar pattern. The total amount 
of the drug eliminated in the urine with these 
preparations is about one third less than with the 
non retarded tablet preparation A. With the capsule 
preparation E containing acid-resistant, coated and 
granulated nitrofurantoin crystals, the urinary 
excretion proceeds significantly slower. The amount 
of drug eliminated with preparation E is over 50 % 

less than with the tablet preparation A. 
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NOVEL DISSOLUTION HODEL 48 1 

FIGURE 2 a,b 
Cumulative urinary excretion and calculated in 
vivo release after oral administration of 
commercial preparations of nitrofurantoin 

A,  Tabl. 100 mg B, Caps. 100 mg 
C, Caps. 100 mg D, Tabl. 50 mg (2x1 

E, Caps. 150 mg 
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482 GRON ING 

Calculated release profiles 
The renal excretion of nitrofurantoin after 

administration of medizinal preparations can give 
only indirect information about the dissolution 
pattern of various preparations in the gastrointest- 
inal tract. The urinary excretion profile is influ- 
enced not only by the release of active ingredient, 
but also by, for example, by the Individual pharmaco- 
kinetics of the drug in man. 

To obtain analogous data for comparing and 
evaluating the results of in vitro tests, the in vivo 
release profiles of the clinically tested prep- 
arations are calculated by approximation ( 9 ) .  As 

shown in Fig. 2 b, the calculations were undertaken 

over only a limited time of 5 hrs; Absorption of the 
drug is reduced after a few hours, so it is 
correspondingly not excreted in the urine to such an 
extend as in the first hours. Thus the in vivo 
release of nitrofurantoin is only represented by its 
urinary excretion for the initial period following 
its adiuin is t rat ion. 

In vitro tests 
When attempting to correlate the results of in 

vitro studies with comparative clinical invest- 
igations, it is always necessary to use drugs from 
the same manufacturing process for both experiments. 
For this reason the commercial preparations used in 
these investigations were of the same batch employed 
in in vivo studies. 
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NOVEL DXSSOLUTION MOD= 483 

Paddle Method 
I n  t h e  Paddle Method, t h e  d i s s o l u t i o n  o f  t h e  

drug  is t e s t e d  i n  a s p e c i f i e d  amount of b u f f e r  s o l u t -  
i o n  under a g i t a t i o n  with 8 special r o t a t i n g  b l a d e  
(10) .  The Paddle Method is be ing  d i scussed  as t h e  
method t o  be adopted by t h e  European Pharmacopoeia. 

The r e s u l t s  of  t h e  p r e s e n t  s tudy  ( f i g s .  3 a and 
3 b) show t h a t ,  i n  t h e  case of n i t r o f u r a n t o i n ,  t h i s  
method could n o t  g i v e  release p r o f i l e s ,  under two 
d i f f e r e n t  c o n d i t i o n s  of pH, which would enab le  
s u i t a b l e  e v a l u a t i o n  of t h e  v a r i o u s  conunercial 
p r e p a r a t i o n s  i n v e s t i g a t e d .  Thus p r e p a r a t i o n s  which 
show p r a c t i c a l l y  no d i f f e r e n c e s  in vivo, g i v e  q u i t e  
d i f f e r e n t  r e s u l t s  i n  v i t r o  wi th  t h i s  method. 

The l i m i t e d  p r e d i c t i v e  a b i l i t y  of t h e  Paddle 
Method f o r  n i t r o f u r a n t o i n  is r e f l e c t e d  in the 
c o r r e l a t i o n  c o e f f i c i e n t s  c a l c u l a t e d  for t h e  compar- 
i s o n  of t h e  amount of t h e  drug released a f t e r  5 h r s  
in' v i t r o  and that  r e l e a s e d  i n  vivo. A t  pfl 3.0, 

r = 0.69,  a t  pH 7 .2 ,  r = 0 . 5 6 .  

Rota t ing  Basket Method USP 
The c o n d i t i o n s  used f o r  s tudy ing  t h e  r e l e a s e  of 

n i t r o f u r a n t o i n  from commercial p r e p a r a t i o n s  us ing  t h e  
Rota t ing  Basket Method a t  a pll of 7 .2  were those  
s p e c i f i e d  i n  t h e  USP for tablets.  The r e s u l t s  given 
.in Fig. 3d show tha t  t h e  release of a c t i v e  i n g r e d i e n t  
from a l l  p r e p a r a t i o n s  is ex t r emly  r ap id .  The 
inappropr i a t e  rank o r d e r  of p r e p a r a t i o n s  g iven  by 
t h i s  test i n d i c a t e s  t h a t  t h i s  method is also no t  
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t 
c rc. 

I I I I 1 I 
I 3 b  I 6 7 b  2 

a 

FIGURE 3 a,b 

connaercial preparations 
In vitro release of nitrofurantoin from 

suitable as an accelerated dissolution test. Compar- 

ison of the release after one hour in vitro with the 
cumulative urinary excretion after 5 hrs gives a 
correlation coefficient of only 0.39. 

Flow Through Cells 
The rate of flow and pH development in flow 

through cells can be adjusted according to the 
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NOVEL DISSOLUTION MODEL 

I d  I Rolelimn bow @Mtbd USP 

1 I 1 I 
2 3 4  5 b  

1 T i m  lkl- 

FIGURE 3 c,d 

commercial preparations 
In vitro release of nitrofurantoin from 

desired rate of dissolution (9). As shown in Fig. 
3 c, it was possible using flow through cells to 
obtain closely similar release profiles in vitro and 
in vivo for four out of the five preparations tested. 
Thus the comparison of the amount of drug released 
after 7 hours in vitro with the cumulative urinary 
excretion gives a correlation coefficient of 0 . 9 ? .  

The limitations of the flow through technique in 
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686 CRONING 

1 2 3 4 S 6  

FIGURE 3 e,f 
In vitro release of nitrofurantoin from 

commercial preparations 

testing release are however demonstrated by preparat- 
ion E, where there is a large discrepancy between in 
vltro and In vlvo results. 

Development and evaluation of a multi-compartment 
release model 

The comparative studies of release of active 
ingredient from commercial preparations of nitro- 
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NOVEL DISSOLUTION MODEL 487 

furantoin show that a correlation can be obtained 
between in vitro and in vivo results using standard 
flow through cells for four of five dosage forms 
tested. For another preparation where an important 
requirement for drug release is transport of the 
coated drug from the stomach into the small intestine 
no correlation is obtained. 

During the course of the present investigations 
attempts were therefor made to see if multi-chamber 
systems would give correlateble release data in 
evaluating drug forms based on different formulation 
principles. 

The multi-compartment system developed in this 
study consists of two or more flow-through cells 
joined together. By regulating the in and outflows it 
is possible to achieve a controlled transfer of 
dissolution medium with drug particles from one 
chamber to the next. A diagram of the simplest 
construction of a "gastrointestinal" model is shown 
in Fig. 4. The drug disintegrates at the start of the 
experiment in cell A. The exchange of dissolution 
medium containing dissolved and suspended drug is 
regulated in the present example by variable speed 
pumps. By this means the limited buffer capacity of 
the isotonically adjusted artificial gastric juice 
is guaranteed so that no significant pH fluctuations 
occur in cell B. A rotatory movement of the flow 
through cells, and if necessary, the addition of 
glass beads to cell A may be required to standardise 
parameters such as eg the mixing of the solution, 
suspension of particles, as well as the mechanical 
stress of the drug. 
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488 CRON INC 

FIGURE 4 

Construction principle and flow scheme of 
a multi-compartiment dissolution model 

The results of the in vitro test of commercial 
preparations (Fig. 3e) shows that after standardizat- 
i on  of the flow rate, this method gives in vitro 
release profiles which are in agreement with in vivo 
data for all the preparations tested, even those 
based on different formulation principies. The slow 
passage of acid-resistend, coated drug carrier 
particles from cell A to cell B leads, even for 
preparation E, to release rates which correlate with 
in vivo data. A comparison of the time ax i s  shows 
that the flow rates chosen in vitro correspond to an 
acce 1 era ted release test. Thus a correlation 
coefficient of 0.99 is achivad between the amount of 
drug released after 3 hrs in vitro and the urinary 
excretion after 5 hrs. The comparison of the in vfvo 
release after 4 hrs with the in vitro release after 
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NOVEL DISSOLUTION UODEL 489 

2 hrs gives a correlation coefficient of 0.98, which 
shows that dissolution after these conditions in 
vitro proceeds at an acceleration factor of 2. 

As the results in Fig 3f predict, by reducing 
the flow rate it is also possible to match the time 
axes, and so preserve the.rank order of the preparat- 
ions, When in vivo and in vitro release times are 
equalised, a correlation coefficient of 0.96 can be 
obtained for comparison of amounts of drug released 
in vitro and in vivo after 5 hrs. 

In the present study it has been shown that in 
the case of nitrofurantoin preparations, release 
tests most frequently proposed as Pharmacopoeia1 
Methods, eg the Paddle Method or the USP Rotating 
Basket, do not provide results which correlate with 
the corresponding in vivo data. A correct evaluation 
of the test preparations using the in vitro data is 
thus not possible. 

Although, for various reasons, simple release 
tests are currently preferred for Pharmacopoeia1 
methods, more complex techniques may be necessary in 
drug research and development.. The new type of test 
apparatus described in this study was developed in an 
attempt to solve problems encountered in the in 
vitro/in vivo correlation of preparations of nitro- 
furantoin. A model was constructed in which those 
factors could be simulated which actually alter the 
release of drug from drug forms in vivo. Among these 
factors for oral dosage forms is the change in 
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dissolution conditions for some of the drug as it 
passes from the stomach to the small intestine. Such 
conditions cannot be simulated in the usual dissolut- 
ion tests. The pH of the dissolution medium Is 
nowally kept constant and/or the pH conditions are 
changed for  the entire dosage form. 

However in the multi-compartment model, two or 
more flow through calls are joined together. In each 
individual cell, specific dissolution conditions, eg 
in respect of ptl can be programmed by adjustment of 
in and outflow. It is possible to achive passage of 
particles of drug from one cell to the next through 
connections between the cells by regulating the in- 
flow and outflow rates. On the basic of this 
principle, complex 'gastrointestinal' models can be 
constructed which can help to solve biopharmabeutical 
problems. 
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