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ABSTRACT 

For r o u t i n e  d rug -exc ip ien t  i n t e r a c t i o n  s tud ies ,  2 methods a r e  
a v a i l a b l e ,  D i f f e r e n t i a l  Scanning C a l o r i m e t r y  ( D S C )  and 

q u a n t i t a t i v e  assay a f t e r  an i so the rma l  s t r e s s  t e s t .  A l though 

DSC i s  g e n e r a l l y  regarded as one o f  t h e  methods o f  f i r s t  c h o i c e  

i n  assess ing  d rug -exc ip ien t  i n c o m p a t i b i l i t i e s ,  t h e  e v a l u a t i o n  

of t h e  curves i s  o f t e n  d i f f i c u l t  and ' h a r d '  conc lus ions  a r e  

r a r e l y  ob ta ined.  B e t t e r  r e s u l t s  can be achieved i f  t h e  curves  

a r e  compared w i t h  those o f  samples s t o r e d  a t  55'C f o r  3 weeks. 

Q u a n t i t a t i v e  assays a f t e r  i so the rma l  s t r e s s ,  however, a r e  s t i l l  
needea. A s t r e s s  temperature o f  55 'C  and a s t o r a g e  t i m e  of 511 
hours was found acceptable.  To e v a l u a t e  t h e  degradat ion ,  a 

procedure i s  used i n  which t h e  r e a c t i o n  r a t e  and t h e  

degradat ion  l i m i t s  a r e  d e r i v e d  f rom a requ i rement  o f  maximum 
degradat ion  a t  room temperature,  When u s i n g  t h i s  procedure,  i t  

i s  e s s e n t i a l  t o  r e a l i z e  t h e  assumptions (bo th  k i n e t i c  and 
a n a l y t i c a l )  which a r e  i m p l i c i t l y  made. However, t o g e t h e r  w i t h  

t h e  DSC techn ique t h i s  methoa forms a r a t i o n a l  b a s i s  o f  

drug-exc i  p i e n t  i n t e r a c t  i o n  s t u d i e s  . 

Copyright 0 1983 by Marcel Dekker, Inc. 

43 

0363-9045/8 3/090 1 -0043 $3 .Sol0 

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.



44 

INTRODUCTION 

VAN DOOREN 

Assessment o f  p o s s i b l e  i n c o m p a t i b i l i t i e s  between an a c t i v e  

drug  substance and d i f f e r e n t  e x c i p i e n t s  i s  an i m p o r t a n t  p a r t  o f  

t h e  development o f  t h e  dosage fo rm o f  a drug. 

The essence of c o m p a t i b i l i t y  t e s t s  i s  t o  mix  samples o f  t h e  

a c t i v e  substance w i t h  t h e  most common e x c i p i e n t s  and t o  s tudy  

t h e  m i x t u r e s  i n  acce le ra ted  s t a b i l i t y  t e s t s .  A c c e l e r a t i o n  i s  

reached by  h i g h  temperatures, a d d i t i o n  o f  water  and (sometimes) 

i rr ad i a t  i on. 

I t  must be k e p t  i n  mind t h a t  t h e  r e s u l t s  o f  such t e s t s  may have 
no o r  h a r d l y  any connect ion  w i t h  r e s u l t s  under "normal" 

c o n d i t i o n s .  P r e d i c t i o n s  a r e  d i f f i c u l t ,  an i n c o m p a t i b i l i t y  as 

shown i n  a c c e l e r a t e d  t e s t s  may n o t  appear a t  a l l  a t  room 

temperature.  

The c o n t a c t  of two substances i n  a d r y  m i x t u r e  may be v e r y  

d i f f e r e n t  f rom t h e  c o n t a c t  i n  a wet g r a n u l a t i o n .  I n  s o l i d s ,  t h e  

f o l l o w i n g  degradat ion  p a t t e r n s  can occur  (1): 

1. Degradat ion v i a  t h e  gas phase by means o f  n u c l e a t i o n ;  P r o u t  
and Tompkins r e l a t i o n s h i p s  ( 2 ) .  

Degradat ion acco rd ing  t o  c o n t r a c t i n g  cube o r  c o n t r a c t i n g  

sphere mechanisms, where n u c l e a t i o n  occurs  so f a s t  t h a t  t h e  

complete s u r f a c e  o f  t h e  p a r t i c l e  i s  soon covered w i t h  a 
l a y e r  o f  degradat ion  produc t ,  

of G u i l l o r y  and H iguch i  ( 3 ) ) ,  f o r  example i n  a e u t e c t i c  

me1 t between two substances. 

Degradat ion v i a  an aqueous phase ( c a p i l l a r y  o r  vapour phase 

water ) ;  (models o f  Kornblum ( 4 )  and Leeson and Mat tocks 

2 .  

3 .  Degradat ion v i a  a s u r f a c e  f i l m  phase ( l i q u i d  l a y e r  t h e o r y  

4. 

( 5 1 ) .  
5 .  Degradat ion i n v o l v i n g  gases, f o r  example oxygen. 

6. P h o t o l y s i s .  
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DRUG-EXCIPIENT INTERACTION STUDIES 45 

If we l i m i t  ou rse l ves  t o  r e a c t i o n s  between 2 substances, o n l y  

t h e  p a t t e r n s  3 and 4 come i n t o  c o n s i d e r a t i o n  ( n u c l e a t i o n  i s  
v e r y  improbable and o x i d a t i o n  o r  p h o t o l y s i s  can be exc luded b y  

t h e  cho ice  o f  t h e  s t r e s s  c o n d i t i o n s ) .  T h i s  means t h a t  a 
p e r f e c t l y  homogeneous m i x t u r e  i s  n o t  requ i red ,  because t h e  

r e a c t i o n  can o n l y  occur  v i a  t h e  l i q u i d  phase as e u t e c t i c  m e l t  

and w a t e r - c a p i l l a r i e s  w i l l  ex tend th roughou t  t h e  whole m i x t u r e .  

Accord ing  t o  t h e  1 i t e r a t u r e  D i f f e r e n t i a l  Thermal A n a l y s i s  (DTA) 
o r  D i f f e r e n t i a l  Scanning C a l o r i m e t r y  (DSC) i s  one o f  t h e  

methods o f  f i r s t  cho ice  t o  s tudy  d rug -exc ip ien t  i n t e r a c t i o n s  
(6-9). However, t h e r e  a r e  a l o t  o f  problems assoc ia ted  w i t h  t h e  

i n t e r p r e t a t i o n  o f  t h e  curves,  which do n o t  make t h i s  techn ique  

a p p l i c a b l e  i n  i t s  own. I t  i s  t h e r e f o r e  a l s o  necessary t o  

q u a n t i t a t i v e l y  assay m i x t u r e s  o f  t h e  a c t i v e  i n g r e d i e n t  and t h e  

e x c i p i e n t s  a f t e r  i so the rma l  s t r e s s  t e s t s .  T h i s  means, however, 

t h a t  t h e  amount o f  work i n  t h i s  s tage o f  development i s  

inc reased c o n s i d e r a b l y  and t h e  problem i s  encountered which 

s t r e s s  c o n d i t i o n s  have t o  be a p p l i e d  and which c r i t e r i a  o f  
a c c e p t a b i l i t y  of degradat ion  a r e  t o  be chosen. 

I n  t h i s  paper, bo th  t h e  use o f  DSC and o f  q u a n t i t a t i v e  assays 
a f t e r  i so the rma l  s t r e s s  a r e  d iscussed.  For c l a r i f i c a t i o n ,  an 

i n v e s t i g a t i o n a l  compound was used as an example. I t  shou ld  be 
mentioned t h a t  t h e r e  a r e  s t i l l  o t h e r  methods a v a i l a b l e ,  l i k e  

e v a l u a t i o n  o f  d i s c o l o r a t i o n  a f t e r  l i g h t s t r e s s  and D i f f u s e  
Re f lec tance  Spectroscopy (10, 11 ). Assessment o f  
mult i-component m i x t u r e s  was a l s o  desc r ibed  (12) .  I n c l u s i o n  o f  

such techn iques  i n  a genera l  c o m p a t i b i l i t y  s tudy,  w i t h  many 

d i f f e r e n t  e x c i p i e n t s  t o  be i n v e s t i g a t e d ,  would f u r t h e r  i nc rease  
t h e  amount o f  work and i n  our  o p i n i o n  i t  i s  b e t t e r  t o  postpone 

them t o  t h e  phase o f  f o r m u l a t i o n  development o f  t h e  dosage form 
where o n l y  a l i m i t e d  number o f  e x c i p i e n t s  p l a y  a r o l e .  
For s i m i l a r  reasons, we f e e l  t h a t  c o m p a t i b i l i t y  i n  t h e  l i q u i d  

s t a t e  shou ld  be i n v e s t i g a t e d  w i t h  a c c e l e r a t e d  s t r e s s  t e s t s  i n  

t h e  s tage o f  f o r m u l a t i o n  development. 
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46 VAN DOOREN 

MATERIALS AND METHODS 

Mater ial s 

We used as the active ingredient an investigational 
compound with a melting point o f  2 1 2 O C .  
Excipients for solid dosage forms can be divided into different 
classes, like diluents, binders, lubricants, disintigrants, 
colourants, coating aids etc. Important criteria for the choice 
of excipients are their world-wide applicability and their 
presence in pharmacopoeias etc. Excipients with similar 
chemical structure but different physical properties need not 
always be included both. 

Methods 

Differential Scanning Calorimetry (DSC) 

In a DSC sample holder 1.0 mg of active ingredient was 
weighed. The suitable amount of excipient was weighed directly 
on top of it. This amount depends upon the concentration wanted 
in the mixture. Normal ratios of active ingredient to excipient 
are 1:5 for diluents, 3 : l  for binders or disintegrants, 5:1 for 
lubricants and 1 O : l  for colourants etc. The sample pans were 
closed and the contents homogenized by carefully shaking the 
pans. 
The samples were then subjected to heat-flux DSC (Mettler TA 
2000 system) in the temperature region 4O-30O0C, with a heating 
rate of 6 K/min. and in an atmosphere of flowing nitrogen. The 
following determinations were carried out: 
1. The active drug substance and the excipients individually. 
2. Mixtures of active drug substance and excipients 

immediately after mixing, 
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DRUG-EXCIPIENT INTERACTION STUDIES 47 

3. The a c t i v e  d rug  substance and t h e  exc 

a f t e r  3 weeks a t  55'C. 

M ix tu res  o f  a c t i v e  d rug  substance and 

weeks a t  55'C. 
4.  

p i e n t s  i n d i v i d u a l l y  

e x c i p i e n t s  a f t e r  3 

5 .  S i n g l e  components and m ix tu res  a f t e r  3 weeks a t  5'C o n l y  i f  

t h e  curves  o f  t h e  m i x t u r e s  b e f o r e  and a f t e r  s to rage  a t  55°C 
d i f f e r  f rom each o t h e r .  

I so the rma l  S t ress  i n  Tes t  Tubes 

The components were t r i t u r a t e d  o r  comminuted s e p a r a t e l y .  

Then, 125 mg of t h e  a c t i v e  drug  substance was a c c u r a t e l y  

weighed i n t o  a t e s t  tube and an equal  amount o f  e x c i p i e n t  was 

added. 

The m i x t u r e  was shaken w e l l  on a w h i r l m i x e r .  Water (10 o r  20 

pe rcen t  o f  t h e  t o t a l  we igh t  o f  m i x t u r e )  was sprayed c a r e f u l l y  

over  t h e  sample and t h e  tube was aga in  shaken and c l o s e d  w e l l .  

For  e x c i p i e n t s  which can a l s o  be used i n  d r y  g ranu la t i ons ,  t h e  

m ix tu res  were prepared b o t h  w i t h  and w i t h o u t  added water .  Wi th  

each e x c i p i e n t ,  two d u p l i c a t e  m i x t u r e s  were prepared and t h e  

tubes were s t o r e d  a t  e x a c t l y  55'C f o r  e x a c t l y  511 hours. The 

tubes were v i s u a l l y  eva lua ted  be fo re  and a f t e r  s torage,  and 

assayed q u a n t i t a t i v e l y  (chromatoyraph ica l  l y )  f o r  c o n t e n t  o f  

rema in ing  a c t i v e  i n g r e d i e n t .  The t o t a l  con ten ts  o f  t h e  tubes  
were used t o  p reven t  sampl ing e r r o r s .  

RESULTS AND D I S C U S S I O N  

D i f f e r e n t i a l  Scanning Ca lo r  i m e t r y  (DSC ) 

I n  t h e  e v a l u a t i o n  of t h e  DSC curves, t h e  f o l l o w i n g  p o i n t s  

have t o  be considered:  

1. I n  DSC we a r e  d e a l i n g  w i t h  t h e  m e l t i n g  r e g i o n  o f  t h e  

substances. Degradat ion  r e a c t i o n s  o r  t rans fo rma t ions  
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48 VAN DOOREN 

occuring at these temperatures may not take place at room 
temperature, or, in other words, Arrhenius equations may 
not be valid. 
If the curve of the mixture is a simple superposition of 
those of the single components, an incompatibility is 
h i gh 1 y i mpr obab 1 e . 
In certain cases the superposition may not be clearly 
visible; figure 1 for instance shows that the melting peak 
of the active substance and the excipient lactose coincide. 

lower melting component, may indicate incompatibility. This 
applies also when one of the component peaks has 
d i sappeared comp 1 e te 1 y . 
If one of the components degrades before the melting point 
of the other one it may be possible that the latter 
substance reacts with the decomposition products. 
Prediction of incompatibility is impossible then (fig. 2). 
More reliable conclusions can be made if duplicate samples 
of the mixtures are stored in the holders at 55.C for 3 
weeks and the curves are compared before and after storage. 
Differences in the curves may indicate incompatibility. 
In that case a curve should also be taken of a sample 
stored at 5 ° C  for 3 weeks. If this sample gives the same 
curve as the sample at zero time, this again is a strong 
indication of incompatibility. 
In the latter case it may be worthwile - especially if the 
excipient is an 'important' one, to investigate further the 
nature of the interaction, for example by taking curves of 
mixtures at different concentration, in order to construct 
a phase diagram. 
If a eutectic or other mixed melting point entity is 
formed, a DSC curve characteristic of that new entity is 
obtained. It woula be difficult to state if this new form 
would negatively affect stability. It should then also be 
tried to obtain a phase diagram. 

2. 

3 .  

4. Extra thermal effects in a curve before the peak of the 

5. 

6 .  

7 .  

8. 
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DRUG-EXCIPIENT 

saccharose 

INTERACTION STUDIES 

drug 

mixture (5: 1 )  

F i g .  2 

49 

+ 

I AT - 

. D S C  c u r v e s  o f  d r u g  a n d  s a c c h a r o s e  

drug 

mixture (5 : 1 )  

F i g .  1 .  D S C  c u r v e s  o f  d r u q  a n d  l a c t o s e  
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50 VAN DOOREN 

t = 0 citric acid 

t = O  drug 

21 2oc 
t = 0 mixture (7 : 1) 

t = 21d 55OC 
citric acid 

t = 21d 55OC 

drug 

+ 

I AT - 

t = 21d 55OC 
mixture (7 : 1) 

Fig. 3 
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DRUG-EXCIPIENT INTERACTION STUDIES 51 

9. As an example, in fig. 3 the curves with citric acid are 
given. From these curves we concluded that an interaction 
between the drug and citric acid was possible. 

Isothermal Stress i n  Test Tubes 

Classification on visual observation was done according to 
a method described by Carstensen et al. (13). Colour and 
appearance were compared before and after storage at 55'C. We 
did not try to draw reaction-kinetic conclusions from this 
classification. Discolouration and change of appearance depend 
upon the amount of water aaded, whilst the single components 
may also change in organoleptic properties during storage. 
The bearing of the visual observation on the ultimate 
conclusions about possibility of incompatibilities is only 
slight. 
Of course, the concentration of remaining active ingredient is 
a much more important criterion. Reaction-kinetic conclusions 
from these assays have been drawn according to a method 
described by Kennon (14). 
Starting from a requirement o f  maximum degradation at room 
temperature, the reaction rate at any higher temperature can be 
calculated with the Arrhenius equation, if the activation 
energy is known. The order of the degradation reaction does not 
play a role. Of course, the activation energy may differ for 
any decomposition reaction and therefore has to be assumeu. The 
mean value for the activation energy of decomposition in 
solution is approximately 84 kJ/mole (15). For solid-state 
reactions it is generally higher. We have chosen for a mean 
value o f  Ea = 105 kJ/mole implicating that the temperature 
dependence of the reactions is relatively high. If, now, the 95 
percent retention time at 20'C is 60 months, the reaction rate 
at 2OUC can be calculated. If this value i s  inserted in the 
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VAN DOOREN 52 

1 
2 
3 
4 

5 
6 

Arrhen ius  equat ion ,  a v a l u e  o f  t h e  pre-exponent ia l  f a c t o r  i s  

ob ta ined  which a l l o w s  t o  c a l c u l a t e  t h e  r e a c t i o n  r a t e  a t  5 5 * C ,  
ana thus  t h e  maximum decrease i n  c o n t e n t  a f t e r  0.70 months. I f  
we t a k e  another  requ i rement  ( f o r  example 95 p e r c e n t  r e t e n t i o n  

t ime  a t  20°C= 1 2  months) then w i t h  t h e  same a c t i v a t i o n  energy 

the  pre-exponent ia l  f a c t o r  and t h e  r e a c t i o n  r a t e  a t  5 5 O C  can 

a l s o  be c a l c u l a t e d .  The c l a s s i f i c a t i o n  as g i ven  i n  t a b l e  1 i s  

thus  found. 

When u s i n g  t h i s  method i t  i s  e s s e n t i a l  t o  r e a l i z e  t h e  

assumptions (bo th  k i n e t i c  and a n a l y t i c a l )  which a r e  imp1 i c i t l y  
made: 

1. The s to rage  c o n d i t i o n s  a re  e x a c t l y  511 hours a t  e x a c t l y  
5 5 O C .  

I j ( I n  percent)  

> b0 > 94.2 
> A 8  <b(! 

> 36 < 48 
92.8 - 94.2 
'30.6 - 92.8 

1 
> 24 < 30 56.2 - 90.6 
> 12 < 24 74.3 - 86.2 
< 12 < 74.3 
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2 .  

3 .  

4. 

5 .  

6 .  

7 .  

a. 

The i n i t i a l  c o n c e n t r a t i o n  i s  100 percent .  T h i s  assumption 

a l l ows  us t o  r e f r a i n  f rom a n a l y z i n g  b e f o r e  s torage.  
The Ar rhen ius  equa t ion  i s  v a l i d .  Apar t  f rom t h e  f a c t  t h a t  

t h e  assumptions made i n  t h e  thermodynamic d e r i v a t i o n  o f  t h e  
equat ion  must h o l d  ( l i k e ,  f o r  example, temperature-  

independency o f  a c t i v a t i o n  energy) ,  i t  a l s o  imp1 i e s  t h a t  

e q u i l i b r i u m  o r  a u t o - c a t a l y t i c  r e a c t i o n s  shou ld  n o t  occur ,  

and t h a t  t h e  r e a c t i o n  mechanism a t  55*C shou ld  be t h e  same 

as a t  20'C. The s t r e s s  temperature o f  55'C chosen i s  a 

compromise between a )  a temperature as h i g h  as p o s s i b l e  t o  

shor ten  t h e  d u r a t i o n  o f  t h e  t e s t  ana b )  a tempera ture  as 

low as p o s s i b l e  t o  p reven t  s i d e  r e a c t i o n s  o r  u n r e a l i s t i c  
degradat ions .  

The a c t i v a t i o n  energ ies  f o r  t h e  i n t e r a c t i o n s  between t h e  

a c t i v e  d rug  substance and t h e  e x c i p i e n t s  shou ld  n o t  d i f f e r  

t o o  much. 

To check t h e  v a l i d i t y  o f  t h i s  and t h e  former assumption t h e  

degradat ion  can be assessed a t  a second tempera ture  ( f o r  
example 40.C) and cornparea w i t h  t h e  c a l c u l a t e d  va lue .  

I n  t h e  c a l c u l a t i o n ,  s t a t i s t i c a l  v a r i a t i o n s  i n  t h e  

a n a l y t i c a l  method a r e  n o t  accounted f o r .  I t  i s  assumed t h a t  

t h e  s tandard  d e v i a t i o n  of t h e  analyses i s  smal l  and always 
o f  t h e  same magnitude. A t  l e a s t  two d u p l i c a t e  analyses 

shou ld  be done, and i f  t h e  va lues  found would l e a d  t o  
d i f f e r e n t  c l a s s i f i c a t i o n s ,  a t h i r d  tube shou ld  be assayed. 
The amount o f  water  addea shou ld  n o t  have an e f f e c t .  An 

amount o f  10 t o  20 percent  was found t o  be acceptab le .  

There shou ld  a l s o  be no e f f e c t  o f  t h e  c o n c e n t r a t i o n  o f  

a c t i v e  i n g r e d i e n t  i n  t h e  m i x t u r e .  To p reven t  r e c o v e r y  

problems i n  t h e  e x t r a c t i o n  o f  a c t i v e  i n g r e d i e n t  p r i o r  t o  

chromatographica l  a n a l y s i s ,  t h e  c o n c e n t r a t i o n  shou ld  n o t  be 

t o o  low. A c o n c e n t r a t i o n  o f  50 pe rcen t  i s  acceptab le .  

The a c t i v e  drug  substance on i t s  own shou ld  be s t a b l e  under 

t h e  s t r e s s  c o n d i t i o n s  app l i ed .  
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9 .  We are  w e l l  aware o f  t h e  f a c t  t h a t  t h e  p u r i s t  would 

c e r t a i n l y  condemn t h i s  method by q u e s t i o n i n g  t h e  v a l i d i t y  
o f  t h e  assumptions. However, i t  may be argued t h a t  i f  they  

would be i n v a l i d  a l t o g e t h e r ,  t h e y  a re  so f o r  a l l  

e x c i p i e n t s ,  so t h a t  c l a s s i f i c a t i o n  o f  e x c i p i e n t s  m i g h t  n o t  

be i n v a l i d a t e d .  Th is  procedure i s  n o t  meant t o  de termine 

exac t  r e a c t i o n  r a t e s  and r e a c t i o n  o rde rs  o r  t o  e l u c i d a t e  

r e a c t i o n  mechanisms. I t  i s  o n l y  t r i e d  t o  make a comparison 
between d i f f e r e n t  e x c i p i e n t s ,  which i s  t h e  one and o n l y  

o b j e c t i v e  o f  t h i s  t y p e  o f  s t u d i e s .  Indeed, such a 

comparison must always be made b y  t h e  pharmacis t  i n  

e v a l u a t i n g  h i s  r e s u l t s  and t h e  method desc r ibed  above may 

h e l p  t o  v i s u a l i z e  t h e  l o g i c s  o f  h i s  dec i s ions .  

CONCLUSIONS 

Combination o f  t h e  r e s u l t s  o b t a i n e d  bo th  w i t h  DSC and w i t h  

t h e  iso thermal  s t r e s s  t e s t  i n  t e s t  tubes a l l ows  us t o  draw 
conc lus ions  as rega rds  t h e  cho ice  o f  e x c i p i e n t s  i n  s o l i d  dosage 

forms o f  t h e  i n v e s t i g a t i o n a l  drug.  

1. E x c i p i e n t s  f o r  which bo th  i n  DSC and i n  t h e  s t r e s s  t e s t  i n  

tubes i n d i c a t i o n s  f o r  i n c o m p a t i b i l i t y  a re  found shou ld  be 

avoided. 

2 .  E x c i p i e n t s  f o r  which e i t h e r  i n  DSC o r  i n  t h e  s t r e s s  t e s t  i n  

tubes i n d i c a t i o n s  f o r  i n c o m p a t i b i l i t y  a r e  found shou ld  
p r e f e r a b l y  n o t  be used. 

The o the r  e x c i p i e n t s  which show no i n d i c a t i o n s  f o r  
i n c o m p a t i b i l i t i e s  a re  t h e  f i r s t  cho ice  i n  t h e  des ign  o f  a 
t a b l e t  or capsu le  f o r m u l a t i o n .  Only i f  f o r  o t h e r  reasons 

these e x c i p i e n t s  would p resent  problems, t h e  use o f  t h e  
substances named under 2 o r  1, i n  o rde r  of  t h e i r  

c l a s s i f i c a t i o n ,  shou ld  be cons idered again.  I n  t h a t  case, 
however, e x t r a  care  shou ld  be taken t o  ensure t h a t  

3 .  
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s t a b i l i t y  o f  t h e  f i n i s h e d  dosage fo rm w i l l  be ma in ta ined  
d u r i n g  t h e  in tended s h e l f  l i f e .  
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