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I M P A C T  OF SOLID STATE REACTIONS ON MEDICAMENTS 

DANIELE G I R O N ,  Sandoz L td ,  Basle, Sw i t ze r land  

Abs t rac t  
The development o f  success fu l  s o l i d  dosage forms i s  c l o s e l y  
concerned w i t h  a l l  types o f  reac t i ons  i n  t h e  s o l i d  s t a t e .  
Polymorphic t r a n s i t i o n s ,  chemical  r e a c t i o n s  and t h e  In- 
f l uence  o f  q u a l l t y  of  raw m a t e r i a l s  a r e  reviewed. 

INTRODUCTION 

The aim o f  t h e  i n d u s t r i a l  pharmacist  i s  t o  f i n d  a formu- 

l a t i o n  which a l l ows  t h e  g r e a t e s t  p o s s i b l e  e f f e c t  a t  t h e  

r i g h t  p l a c e  and t ime: i n  fac t , t he  bes t  b i o a v a i l a b i l i t y .  

Since 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 r e  chemical 

molecules,  t hey  a r e  s u b j e c t  t o  r e a c t i o n s  l e a d i n g  t o  l oss  o f  

a c t i v i t y  and undes i rab le  s i d e  e f f e c t s .  

The m a j o r i t y  o f  medicines a r e  s o l i d  dosage forms. The deve- 

lopment o f  success fu l  dosage forms I s  c l o s e l y  concerned 

w i th  a l l  t ypes  o f  r e a c t i o n s  i n  t h e  s o l i d  s t a t e  (1 -5) .  

s o l i d - s o l i d  reac t i ons ,  so l id -gas  reac t i ons ,  and s o l i d  

t rans fo rma t ions  1 nc 1 u d i  ng polymorphic t r a n s  i t ions  , r e a r -  

rangements, phase changes and decomposi t ion.  

S o l i d  s t a t e  reac t i ons  f a l l  i n t o  severa l  ca tegor ies :  

POLYMORPHIC TRANSITIONS 

The f i r s t  t rans fo rma t ions  which may occur by the a c t i o n  o f  

hea t  and p ressu re  a r e  t h e  polymorphic t r a n s i t i o n s .  Po ly -  

morphs have d i f f e r e n t  c r y s t a l l i n e  behaviour and i n  t h e  s o l i d  

17 
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78 0. GIRON 

s t a t e  may behave l i k e  d i f f e r e n t  molecules.  
Each c r y s t a l l l n e  form o f  a molecule has I t s  own thermo- 

dynamic and s t a b l l l t y  c h a r a c t e r l s t l c s  whlch may 

t h e  b l o l o g l c a l  a c t l v l t y  o f  t h e  molecule.  A s  a r u  

most thermodynamical ly uns tab le  form i s  t h e  most 

Hydrates and solvates, c a l l e d  "pseudo-polymorphs" 

t o  t h e  same d l f f l c u l t l e s  f o r  t h e  pharmaceut ical  

polymorphs. 

n f  1 uence 

e. t h e  

a c t  i ve. 

g l v e  r l s e  

ndus t r y  as 

The main p r o p e r t l e s  a f f e c t e d  by polymorphism o r  pseudo-po- 
lymorphlsm are :  m e l t l n g  and s u b l l m a t l o n  temperatures,  heat  

capac l t y ,  c o n d u r t f v l t y .  a l l  en tha lp les  o f  t r a n s f o r m a t i o n  

o r  r e a c t i o n  i n  the  s o l i d  s t a t e ,  s o l u b i l i t i e s ,  d i s s o l u t i o n  

ra tes ,  morphology, volume, dens i t y ,  v l s c o s l t y ,  su r face  

tens ion ,  d l f f u s i v i t y ,  c r y s t a l  hardness, shape, c o l o u r  e t c  ... 

r a t e s  o r  s o l u b l l l t l e s  l e a d l n g  t o  d i f f e r e n t  b l o a v a l l a -  

b l l  l t l e s .  

i s  h l g h l y  undes i rab le  I n  t h e  commerclal gamma fo rm ( 5 )  

1 O C  o r  up t o  100 "C. T h e i r  m e l t l n g  e n t h a l p l e s  may be lden- 

The most impor tan t  d l f f e r e n c e  may be t h e  d l s s o l u t l o n  

F lgu re  1 dea ls  w i t h  metolazone,the alpha fo rm o f  whlch 

M e l t l n g  temperatures o f  polymorphs may d i f f e r  o n l y  by 

Ij 
FIGURE 1. D l s s o l u t l o n  r a t e  curves f o r  t h e  2 c r y s t a l l l n e  

m o d i f l c a t l o n s  o f  metolazone 
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S O L I D  S T A T E  R E A C T I O N S  AND M E D I C A M E N T S  79 

t i c a l  o r  d i f f e r  up t o  more than a f a c t o r  100. The same is 

t r u e  f o r  s o l u b i l i t y .  

We measured very  d i f f e r e n t  d e n s i t i e s ,  f o r  example 3.05 f o r  

t h e  hygroscopic anhydrous fo rm o f  an e r g o t  a l k a l o i d  and 

o n l y  1.24 f o r  t h e  cor respond lng  monohydrate (18) 

E l e c t r o n  microscopy shows t h e  d i f f e r e n t  morphology 

(see 2 d t f f e r e n t  drugs f i g .  2 and 3 ) .  The needles o f  t h e  

c r y s t a l  f o rm A ( f i g .  2) a r e  no t  s u i t a b l e  f o r  i t s  g a l e n i c a l  

p rocess ing  i n  t h e  dosage form. 

FIGURE 2. 2 d i f f e r e n t  m o d i f l c a t l o n s  ( A  and 8) 

FIGURE 3. New m o d i f i c a t i o n  appear ing w l t h  methanol 

The behaviour o f  2 m o d i f i c a t i o n s  o f  a benz- lsoqulno- 

l i n e  hyd roch lo r i de  i s  summmarlzed I n  Table I showing t h e  

r i s k  o f  t r a n s f o r m a t l o n  d u r i n g  g r a n u l a t i o n .  
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80 D. G I R O N  

TABLE I Polymorphism behaviour o f  a benz - i soqu ino l l ne  
hydroc h l  o r l d e  

M o d i f i c a t i o n  A M o d i f i c a t l o n  B 

M e l t l n g  " C  
AH ( K c a l h o l e )  
t ime  f o r  90 X d l s s o l u t l o n :  

pH 1.2 
pH 1 . 5  

1 day 92 X r .h.  
1 month 92 X r .h .  

P a r t i c l e  s l z e  99 X< 
g a l n  o f  we igh t :  

T r a n s i t i o n  I n  a l coho ls  

304 
12 

3 min. 
3 min. 
194 urn 

O X  
O X  
A 

31 1 
11 

4 mln. 
6 min. 
80 urn 

3.2 X (hyd ra te )  
3.2 X (hyd ra te )  
6->A 

The two m o d i f i c a t i o n s  may be determined by means o f  IR I n  

Nujol ( f i g u r e  4a) and X-ray d i f f r a c t i o n  ( f f g u r e  4b). 

a. 

I 
IOU0 noo bO0 4uu 

I 

FIGURE 4. IR and X-ray d l f f r a c t j o n  

As a f i r s t  step, a n a l y t i c a l  work dea ls  w i t h  prepara- 

t l o n  o f  polymorphs, c h a r a c t e r i s a t i o n  (physlco-chemical  

parameters),  and q u a n t i t a t l o n  (DSC, IR, FT-IR, X-ray d l f -  

f r a c t i o n ,  s o l l d  s t a t e  NMR ...) of raw m a t e r i a l s .  
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SOLID STATE REACTIONS AND MEDICAMENTS 81 

Q u i t e  o f t e n  t h e  amorphous s t a t e  o r  a metas tab le  s t a t e  

is manufactured i n  o rde r  t o  o b t a i n  a b e t t e r  b i o a v a i l a -  

b l l i t y .  It i s  obvious t h a t  t h i s  s t a t e  must be maintained. 

Polymorphlc t r a n s i t i o n s  o c c u r r i n g  w i t h i n  t h e  s o l i d  s t a t e  

a r e  governed by t h e  f r e e  energy o f  t h e  phases. A t  any g i ven  

temperature and pressure,  t h e  phase w i t h  t h e  l owes t  f r e e  

energy i s  t h e  most s tab le .  The compound. the re fo re ,  tends 

t o  e x i s t  i n  t h i s  phase. I f  t h e  temperature and pressure  a r e  

changed, t h e  c o n d i t i o n  o f  minimum f r e e  energy may r e q u i r e  

t h e  compound t o  undergo t r a n s i t i o n  f rom one phase t o  t h e  

o the r .  

Once t h e  c r y s t a l l i n e  m o d i f i c a t i o n  o f  t h e  d rug  sub- 

stance I s  f i x e d ,  g a l e n i c a l  p rocess ing  and s to rage 

c o n d i t i o n s  must be de f i ned  i n  o rde r  t o  ma in ta in  It. 
The mechanical m i l ’ l f ng  o f  raw m a t e r i a l  may g i v e  r t s e  

t o  t rans fo rma t ion .  Takahashi e t  a l .  ( 7 )  have s t u d i e d  i n t e n -  

s i v e l y  t h e  e f f e c t  o f  g r i n d i n g ,  o f  compressing and m i l l i n g  

on t h e  t r a n s f o r m a t l o n  o f  t h e  c r y s t a l l i n e  m o d l f i c a t j o n  I1 of  

F o s t e d l l .  They observed t h e  i n f l u e n c e  o f  t h e  e x c i p l e n t s  

m i c r o c r y s t a l l i n e  c e l l u l o s e  and co rn  s t a r c h  upon t h e  t r a n s -  

formation, dependance on the  t ype  of m i l l  and sugges ted  t h e  

use  of a Hammer m i l l .  They r epor t ed  100% t r a n s f o r m a t i o n  

a f t e r  2 hours g r i n d i n g  o r  by s u b m i t t l n g  t o  compression o f  

1000 kg/cm . Such changes th rough mechanical a c t i v a t i o n  

o r  d u r i n g  t a b l e t t i n g  have been observed f o r  a c e t y l s a l i c y l i c  

a c i d ,  procaine, p e n l c l l l i n  ( 6 )  su lpha th iazo le  ( 7 ) .  b a r b i -  

t u r a t e s  ( 8 ) ,  s u l f a n i l a m i d e  phenylbutazone ( 9 ) .  a and A 
t y c l o d e x t r i n s ,  cepha lex in  (10) and chloramphenicol  pa lmt -  

t a t e  (11) .  Compression s tud ies  i n v o l v i n g  32 drugs known t o  

e x h i b i t  polymorphlsm revea led  t h a t  11 o f  them were t r a n s -  

formed under compression (34 ) .  
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82 D. GIRON 

Not on ly  pressure and mechanical a c t l v a t l o n  are responslb le  

f o r  t r a n s i t i o n  on processlng. I t  has been observed t h a t  t h e  
temperature r l s e s  up t o  50 "C (12) du r lng  t a b l e t t l n g  o f  as- 

p l r l n .  We observed p a r t i a l  me l t l ng  a t  60 "C o f  a t a b l e t  
whose components have an e u t e c t l c  behavlour. I n  some m l l l s ,  

h igher  temperatures may a l s o  be a t t a l n e d  I n  c e r t a l n  p a r t s  

o f  t he  powder. 

S o l i d  t rans t i o n s  du r lng  heat lng are o f t e n  observed and f o r  
t h a t  reason a re  not  detected I n  c l a s s l c a l  m e l t l n g  p o l n t  de- 

termtnat lon F lgure 5 shows t h e  i n f l uence  o f  temperature on 

a polymorph c t r a n s i t i o n  o f  a new drug substance. 

FIGURE 5. DSC study o f  t h e  t r a n s i t i o n  o f  a metastable 
m o d l f l c a t l o n  11 I n t o  t h e  s t a b l e  m o d i f l c a t l o n  I 

C r y s t a l l l n l t y  change t o  an amorphous s t a t e ,  due t o  t h e  

a c t i o n  o f  e x c i p i e n t s ,  has been observed. 
cortisone acetate and tetramethasone d lproplonate become 
amorphous by g r l n d l n g  w l t h  c r y s t a l l l n e  ce l l u lose ,  lncrea-  

s lng  t h e  potency i n  v l v o  (15 ) .  Gr ind lng w l t h  ac t t va ted  
charcoal t o  o b t a i n  a s u i t a b l e  amorphous s o l u b l e  s t a t e  has 
been proposed (16 ) .  

For example hydro- 
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SOLID STATE R E A C T I O N S  AND MEDICAMENTS 83 

The spray d r y i n g  technlque (17) i s  s p e c i a l l y  c r i t i c a l  f o r  

r e p r o d u c l b i l l t y .  Polymorphism changes have been detected 

not  on l y  f o r  t h e  drug substance i n  t h e  p re sence  of c e r t a i n  

exc ip ien ts ,  but  a l so  f o r  exc ip ien ts  themselves, f o r  example 

manni to l  o r  l ac tose  (18). 

Polymorphic t r a n s i t l o n s  du r ing  storage have t o  be avoided: 

e.g. t r a n s l t i o n s  I n  g e l a t i n  capsule o f  oxy te t racyc l l ne ,  

c r y s t a l l i s a t i o n  o f  t heophy l l i ne  (20) o r  exc ip ien ts  (21) a t  

t h e  surface o f  t a b l e t s ,  t r a n s l t l o n  o f  t h e  amorphous to 

c r y s t a l l i n e  s t a t e  I n  s o l l d  d lspers ions.  

morphism o f  t he  exc ip ien t .  The supposi tory masses a re  m i x -  
t u res  o f  n a t u r a l  o r  syn the t l c  g l yce r ides  w i t h  th ree  d i f -  

f e r e n t  mod i f i ca t l ons  having d l f f e r e n t  m e l t i n g  po in ts .  

Freshly  melted supposl tory masses are i n  the  a s t a t e  a f -  

t e r  coo l i ng  and s lowly  go through t h e  R ' s t a t e  t o  t h e  s tab le  

I3 form o f  h igher  me l t l ng  p o i n t .  This ag ing e f f e c t  i s  il- 
l u s t r a t e d  f i g u r e  6 f o r  paracetamol supposi tor ies (32).  

A l l  supposl tor ies have p o t e n t i a l  problems with poly-  

FIGURE 6. DSC curves and p l o t  of % solid of compressed sup- 
p o s i t o r i e s  o f  paracetamol a f t e r  18 months s to-  
rage a t  d l f f e r e n t  temperatures (5.20, 25O C).  
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84 0. GIRON 

A f t e r  18 months storage a t  25 " C ,  t h e  suppos i to ry  mass i s  

o n l y  50 X mel ted  a t  37 " C .  

I f  suppos i to r i es  a r e  manufactured th rough m e l t i n g ,  t h e  

hardenlng s t a t e  o f  t h e  e x c l p i e n t  b e f o r e  manufac tur ing  does 

n o t  have any consequences, b u t  f o r  compressed processing, 

wrong s to rage o f  t h e  e x c i p i e n t  leads t o  bad r e p r o d u c l b i l i t y  

a s  seen i n  f i g u r e  7 ( 3 2 )  f o r  compressed suppos i to r i es  manu- 
fac tu red  a t  6 months i n t e r v a l s  w i t h  t h e  same raw m a t e r i a l s .  

I n d u s t r i a l  consequences r e f l e c t s  t h e  cho ice  o f  t h e  f a t ,  o f  

t h e  process, t h e  c o n d i t i o n i n g  a f t e r  manufacture and t h e  

s to rage c o n d i t i o n s  ( 2 2 ) .  

31 OC. MTtH 2 

36.5 'C ..----------- MTQI 2 ,.- 
10 30 

FIGURE 7 .  a) DSC curves o f  compressed s u p p o s i t o r i e s  w l t h  
Witepsol  H15 o f  t h e  same composi t ion,  

b) d l s s o l u t l o n  r a t e  curves o f  t h e  2 batches 

Dur ing  g ranu la t i on ,  e s p e c i a l l y  w e t  g r a n u l a t i o n ,  hydra- 

t i o n  o f  t h e  d rug  substance may occur (phenobarb l ta l ,  co- 

delne, c a f f e t n e  (13, 14). 

We determined t h e  d i f f e r e n t  h y d r a t i o n  s t e p s  of a ve ry  hygros- 

cop ic  new d rug  substance, depending on t h e  g r a n u l a t i o n  t i m e  

and how t h e  g r a n u l a t e  was processed (18). 
So rp t i on  isotherms g i v e  t h e  bes t  i n f o r m a t i o n  on t h e  t y p e  o f  

bonding w i t h  water.  
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S O L I D  STATE R E A C T I O N S  AND MEDICAMENTS 85 

The s o r p t i o n  i so the rm of f l g u r e  8 case a i s  t y p l c a l  f o r  hy- 

d r a t e  fo rma t ion  and t h e  case b f o r  r e v e r s i b l e  adso rp t i on .  

l i g h t  change % 

- . I  

4 

2 

A 40 60 r .h.% 0' 

20 

a.  

4, 

b .  

FIGURE 8. Examples o f  So rp t i on  i so the rm o f  d rug  sub- 
stances a t  30 "C, Case a: Hydrate fo rmat ion ,  
Case b: Revers ib le  adso rp t l on  

DECOMPOSITION 

Chemical r e a c t i o n s  I n  t h e  s o l i d  s ta te  are a u t o  d e g r a d a t i o n ,  

so l id -gas  r e a c t l o n s  and s o l i d - s o l i d  I n t e r a c t i o n s .  

AUTO-DECOMPOSITION 

The I n f l u e n c e  o f  l i g h t  g i v e s  r ise t o  au to -degrada t ion ,  

i n c l u d i n g  i somer l sa t i on ,  breakdown, c y c l i s a t i o n .  Three 
p r o c e s s e s  may occur :  

(a )  Formation o f  decomposi t ion  p r o d u c t s  
hu  

H----> n* (b )  Reactqon w i t h  o t h e r  molecules 

( c )  Energy t r a n s f e r  t o  o t h e r  molecules 

D i f f e r e n t  decomposl t lon produc ts  may r e s u l t  f rom UV o r  v l -  

s l b l e  r a d i a t i o n  as demonstrated I n  f l g u r e  9 f o r  n t f e d i p l n e .  
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86 D. GIRON 

COOCH 3 

c H 3 0 0 c 0 C H 3  

H3C t 
N i  fed i  p i  ne 

9% 

COOCH 3 

FIGURE 9 .  

S t e r l l l z a t l o n  by gamma rays I s  o f t e n  a cause o f  breakdown 

o r  d l m e r l s a t l o n ,  as f o r  example f o r  butylhydroxytoluene.  

- n 1 ~ 4 c  6 H 
Dlmerisatlon - 

c-c HO -c/T\\c-r 

FIGURE 10.  I o n l z l n g  r a d l a t l o n :  d l m e r l s a t l o n  o f  BHT (30 ) .  

Isomer lsat lon,  condensation, polymer lsat lon,  c y c l l s a t l o n ,  

i n t e r n a l  rearrangement, c leavage,  dehydrat lon,  decarboxyla- 

t l o n ,  p y r o l y s l s  e t c .  t a k e  p lace under t h e  I n f l u e n c e  o f  h e a t .  
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S O L I D  STATE REACTIONS AND MEDICAMENTS 87 

SOLID-GAS REACTIONS 

Sol id-gas r e a c t j o n s  depend on a complex s e t  o f  f a c t o r s  i n -  

c l u d i n g  temperature,  gas vapor pressure,  c r y s t a l  packing, 

d e f e c t s  and c r y s t a l  p r o p e r t l e s .  su r face  area, e t c  ... They 

a r e  o f t e n  d l f f e r e n t  than in s o l u t i o n s .  React ion  may occur 

o n l y  a t  t h e  su r face  i f  t h e  c r y s t a l  i s  n o t  permeable t o  

oxygen. 

Ox ida t i on  i s  a pr ime cause o f  p roduc t  i n s t a b i l i t y  

because i t  i s  imposs ib le  t o  remove i t  t o t a l l y .  O f ten  n o t  

o n l y  one o x i d a t l o n  produc t  I s  formed, b u t  a cha in  o f  

degradat ion  produc ts  as shown i n  f i g u r e  11 f o r  t h i o r i d a z l n e  

FIGURE 1 1 .  T h i o r i d a z l n e  and i t s  degradat ion  p roduc ts  

Ox ida t i on  i s  ca ta l yzed  i n  genera l  by t r a c e s  o f  m e t a l l i c  

i m p u r i t i e s .  Ox ida t i on  o f  s o l i d  d i a l u r l c  a c i d  I s  acce le ra ted  

i n  a h i g h  humid i t y  atmosphere (13) .  
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88 D. GIRON 

React lon o f  s o l I d s  w i t h  water i s  q u i t e  common and, 

l l k e  ox lda t l on ,ve ry  difficult t o  avo id  t o t a l l y .  I t  i s  

Imposs ib le  t o  prove whether these r e a c t i o n s  a r e  t r u e  

so l ld -gas  reac t i ons  o r  s o l u t i o n  r e a c t i o n s  occu r ing  i n  an 

adsorbed mo is tu re  l a y e r .  

Es ters ,  t h l o l e s t e r s ,  amldes. sulphonamldes, lmides, 

lactams, lac tones ,  e t c  ... a r e  s u b j e c t  t o  h y d r o l y s i s .  

Of ten  no t  o n l y  one r e a c t l o n  produc t  i s  ob ta ined b u t  complex 
subsequent reactions may occur ( f i g u r e  12) .  

F IGURE 12. Nitrazepam 

Exc ip len ts  may a c c e l e r a t e  h y d r o l y s l s  th rough 

For example s t a b i l i t y  i s  Improved by a d d i t i o n  o f  orga- 

h y g r o s c o p i c i t y  o r  pH e f f e c t s .  

n l c  ac lds  w i th  a low pKa (13).  Table I 1  I l l u s t r a t e s  t h e  

In f l uence  o f  t a b l e t  mo ls tu re  on t h e  r a t e  o f  h y d r o l y s i s  o f  

an e s t e r  (23).  A f t e r  o n l y  48 hours I n  a 65 X r.h. 

atmosphere w i t h o u t  p r o t e c t i o n ,  t h e  t a b l e t s  t a k e  up enough 

humld i t y  t o  Increase t h e  degradat ion .  

shows how a l l  t ypes  o f  r e a c t i o n s  may be observed, depending 

on t h e  f u n c t i o n a l  groups o f  t h e  molecule.  I n  t h e  pharmaceu- 

tical I n d u s t r y  a l l  t ypes  of reac t ion  must be analysed and 

t h e  f o r m u l a t i o n  chosen I n  o rder  t o  s t a b i l l z e  t h e  produc t .  

The degradat ion  scheme f o r  ergotamine ( f i g u r e  13) 
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S O L I D  STATE R E A C T I O N S  AND MEDICAMENTS 89 

TABLE I 1  I n f l u e n c e  o f  m o l s t u r e  o f  t a b l e t s  on t h e  r a t e  
o f  h y d r o l y s i s  o f  an e s t e r  ( 2 3 ) .  R e s u l t s  show the  
c o n t e n t  o f  t h e  e s t e r .  

A f t e r  1 year  A f t e r  2 years  
T a b l e t s  48 h a t  21 O C ,  94  X 9 2  X 
65 X r . h .  t h e n  b l l s t e r e d  

T a b l e t s  I n  g l a s s  w i t h  9 8 . 2  X 9 8 . 3  X 
dess iccant  

& H) 

H 
H 

\ Aci  E r g o t a s i n i n e  

Oxydat ion  H y d r o l y s i s  

f 
LYSERGIC ACID AMIDE 
ISOLYSERCIC ACID AHIDE 
LYSERGIC ACID 
ISOLYSERCIC ACID 

c 
n 

wnl - @: 
n 

E r g o t a n i n  E r g o t a n i n l n e  Lumi compounds 

no R= 

FIGURE 13 .  Degradat lon  scheme o f  ergotamlne 
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90 D. GIRON 

SOLID-SOLID REACTIONS 

Decomposltlon by I n t e r a c t i o n  between components a re  

observed w l t h  drug and exc lp len ts .  For example, es te r  o r  

amlde format lon has  been observed w l t h  s t e a r l c  a c i d  or  

magneslum s tea ra te  ( f i g u r e  14) (24), reduc t i on  w i t h  po l y -  

ethylene g l y c o l  o r  i t s  l m p u r l t l e s  (24). The brownlng 

reac t i on  o f  l son laz ide  w l t h  l ac tose  l s  a t y p l c a l  M a l l l a r d  

react ion.  A l l  prlmary amlnes are ab le  t o  reac t  w i t h  

ascorblc ac id  (30) .  

Cases o f  drug-drug l n t e r a c t l o n s  occur on l y  i n  m u l t i p l e  com- 

ponent dosage forms. J.T. Carstensen ( 3 )  repor ted t h e  study 

o f  aspir in-codelne and aspl r ln-phenylephr lne I n t e r a c t i o n s .  

R-NH; + R-NH-CO( NH2)n-CH3 

R -OH + R-0-CO( CH2) n-CH3 

FIGURE 14. Reactlons o f  drug substances w l t h  s t e a r l c  a c i d  
o r  magneslum s tea ra te  ( n  = 14 o r  16) 

DISCOLORATION 

D lsco lo ra t l on  o f  components o f  t he  dosage form may occur 
under t h e  i n f l u e n c e  of  light , h e a t ,  oxygen o r  humidi ty .  Some 

degradat lon products are o f t e n  coloured and a re  u s u a l l y  

present i n  very small amounts. Exc lp lents  may accelerate t h e  

process o r  de lay it. Photo-oxldat ion o f  coat lngs may occur, 

e.g. l n d l g o t l n  I n  b lue hard g e l a t j n e  capsules. Color lmetry  

a l lows o b j e c t i v e  measurement o f  c o l o r  changes. The dlagram: 

l o g  o f  slope o f  c o l o r l m e t r l c  coord inate L and b agalnst  1/T 
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S O L I D  STATE REACTIONS AND MEDICAMENTS 91 

y i e l d e d  s t r a i g h t  l i n e s  enab l i ng  p r e d i c t i o n  o f  t h e  s h e l f -  

l i f e  and s to rage temperature (25) .  F igu re  15 shows t h e  Ab 

and AL values observed a f t e r  1 year s to rage o f  a d rug  

substance a t  d i f f e r e n t  temperatures w i t h o u t  s u b s t a n t i a l  

l o s s  o f  con ten t  (26) .  

DARKER 

FIGURE 15. D i f f e r e n c e  AL and Ab between i n i t i a l  
values o f  L and b and measurements o f  these 
values o f  a ba tch  s to red  1 year a t  d i f f e r e n t  
temperatures.  

F lgu re  16 shows on t h e  con t r a ry  a good c o r r e l a t i o n  between 
d i s c o l o r a t i o n  and l o s s  o f  con ten t  f o r  a d ihydergo t  t a b l e t .  

i e n t  

FIGURE 16. Use o f  c o l o r i m e t r y  t o  d e t e c t  i n f l u e n c e  o f  
degradat lon  on t h e  d i s c o l o r a t i o n  o f  d ihyder -  
g o t  t a b l e t s  ( A E  = Aa2tAbZ+AL2) 
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92 0. GIRON 

INFLUENCE OF RAW MATERIALS 

INFLUENCE OF THE SALT FORM 

Walking e t  a l .  (27) s tud ied  t h e  s o l i d - s t a t e  s t a b i l i t y  o f  

f o u r  s a l t s  and t h e  f r e e  base o f  x i lobam a t  70 "C and 74 X 
r e l a t l v e  humld l t y .  They r e p o r t  a 99.6 X conten t  o f  x l lobam 

f o r  t h e  1-napsylate a f t e r  7 days w h i l e  70-80 X remains 

l n t a c t  f o r  t h e  o the r  Sa l t s ,  but  o n l y  18 % of  t h e  base .  

We e s t a b l i s h e d  a set of expe r imen ta l  d a t a  on which t o  base  a 

s u i t a b l e  cho ice  f o r  a s a l t  o f  a new d rug  w i t h  re fe rence  t o  

such f a c t o r s  as f e a s i b i l i t y ,  s t a b i l l t y ,  c o m p a t l b l l l t y ,  

s o l u b i l i t y ,  hygroscop ic i ty  and polymorphic behav lour  o f  t h e  

d l f f e r e n t  s a l t s  (24) 

INFLUENCE OF THE CRYSTALLINE MODIFICATION ON STABILITY 

The behaviour o f  t h e  3 c r y s t a l l i n e  m o d i f l c a t l o n s  o f  s a l i c y -  

l l d i n e  a n l l l n e s  under l i g h t  I s  a c l a s s l c a l  example. Due t o  

s t e r i c  e f f e c t s  o n l y  t h e  gamma form I s  s tab le ,  w h i l s t  a lpha 

and beta forms g i v e  t h e  dimer.  

Table I11 g ives  t h e  r e s u l t s  pub l i shed  by Walking e t  

a l .  (28) f o r  t h e  two c r y s t a l l i n e  m o d i f i c a t i o n s  o f  

f e n r e t l n l d e ,  dernonstrat lng a d r a s t l c  d i f f e r e n c e  l n  
s t a b i l i t y  behaviour.  

Table III.Two c r y s t a l l i n e  m o d i f i c a t i o n s  o f  f e n r e t l n i d e  show 
ve ry  d i f f e r e n t  s t a b l l i t l e s  

Form Weeks 4 "C 25 "C 40 "C 60 "C 

I 4 99.6 X 100.3 X 98.6 X 96.9 X 
I 1  2 97.0 X 91.9 X 79.8 X - 

4 91.4 X 87.9 X - - 
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S O L I D  STATE REACTIONS AND MEDICAMENTS 93 

Table I V  compatibility of 3 crystalline modifications of a 
new drug substance. 

Mixture 1 Mixture 2 

Form Particle size Hydrolysis other Hydrolysis other 
99 X < product degrad. product degrad. 

~ 

I 36.8 pm 1 %  2-5 X 1.5 X 5-20 X 
I1 31.8 pm 5 %  ,20 X 25 X 5-20 X 
I1 52 p t ~ ~  2 %  2-5 X 2 %  5-20 X 
I 1 1  40 prn - >2 X 5-20 X 2 %  5-20 % 

Table I V  summarizes some preformulation results for 3 dif- 
ferent crystalline modifications o f  a new drug substance. 
Form I has been found more stable (29). 

Table V and figure 17 deal with two different batches 
of a drug substance. The dosage form is a solution. There- 
fore polymorphism is only important for the drug substance. 

Table V 

Sample Form Hygroscoplc Meltlng Stress compatlblllty 
80 *C 1 month wlth exclplents 
+ 4 X H20 

A orthorhmblc no 194 "c  AH 0 % degradatlon better 

E tetragonal yes 

less soluble = 12 cal/g 

at 100 " C  1 X degradatlon worst 
+ amorphous (reverslble) --> amorphous 

FIGURE 17. Scanning electron microscopy o f  2 samples 
corresponding to table V 
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94 D. G I R O N  

Traces o f  a metastable m o d i f l c a t i o n  may have a d r a s t i c  

e f f e c t  on s o l i d - s t a t e  react lons.  Three batches o f  an l ndo le  

were t es ted  i n  a s t a b i l i t y  program: 

form A w i t h  2 X form 8, batch 3 w a s  t h e  pure  form B .  

A f t e r  1 year a t  30 "C batch 2 underwent polymorphlc t r a n s l -  

t l o n  I n t o  form B, w h i l e  batch 1 remained unchanged A,  even 

a f t e r  4 years a t  30 " C .  Batch 3 was unchanged form B (33).  

Table V I  shows the  d r a s t l c  I n f l uence  o f  a metastable 

Batch 1 was form A ,  b a t c h  2 

mod i f i ca t i onb  f o r m  I I , on  t h e  s t a b i l i t y  behavlour o f  

d i f f e r e n t  mlxtures o f  t h e  two mod i f i ca t i ons  o f  Fenret in lde,  

as  reported by Walking e t  a l .  (28) 

Table V I  FENRETINIDE.  HPLC r e s u l t s  o n  t he  content a f t e r  
4 weeks a t  60 " C  as a f u n c t i o n  o f  t h e  pe rcen tage  
of metastable form I1 i n  mlx tures o f  t h e  two 
modi f icat tons.  

0 X I 1  5 X I1 10 X I1 15 X I1 20 X I1 

97.6 91.7 86.6 81.3 76.8 

INFLUENCE OF PARTICLE S I Z E .  

Thls i s  demonstrated by t h e  fou r  examples g iven I n  t a b l e  VII 
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S O L I D  STATE REACTIONS AND MEDICAMENTS 95 

Table V I I  
Example 1: S t a b i l l t y  o f  an e rgo t  a l k a l o l d  

In f luence o f  p a r t i c l e  s l z e  

Samp 1 e P a r t i c l e  s l z e  10 days 60 "C 10 days, 80 "C 
Preparation 99 X < n i t r o g e n  oxygen 

co lou r  (Ph. Eur.) HPLC content 

a l r  j e t  59 pm 85 97.5 X 
m i l l e d  
p i n  m i l l e d  1 7  pm 61 93.1 X 

Example 2: Hygroscopic i ty  o f  a phenol ic compound 

P a r t l c l e  s i z e  H20 X ti20 X a f t e r  

126 pm 0.0 0.3 X 
67 pm 0.6 1.3 X 
27 pm 0.7 1.3 

99 X < 1 day 92 X r. humld l ty  

Example 3: S t a b l l l t y / C o m p a t l b l l I t y  (1,2,3 = rank lng order)  

P a r t i c l e  s i z e  96 h Xenon 1 week 70 "C w l t h  e x c l p l e n t  
99 X < rank o f  d r l e d  w l t h  humld l ty  

s t a b i l l t y  ( X  degradat ion) 

247 pm 1 1 (no deg.) 1 ( 2  - 5 X )  
67 pm 2 2 ( t races )  1 ( 2  - 5 X )  
23 pm 3 3 ( t races )  2 (>5  X )  

Example 4: Hydro lys is  o f  a lactone 

X Hydro lys is  product (ac id )  (TLC, 0%) 
l n l t l a l  1 month 6 months 

Sample Glass Poly- Glass Poly-  
ethylene ethy lene 

not  m i l l e d  0.2 X 0.2 X 0.3 X 0.6 X 0.7 X 
mlcronlsed 0.4 X 0.7 X 1 X 1.1 X 1.7 X 
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96 D. GIRON 

The influence of both pa r t i c l e  s i z e  of a d r u g  substance and 
water  con ten t  o f  an e x c i p l e n t  i s  demonstrated i n  t a b l e  V I I I  

f o r  a d rug  substance ve ry  s e n s i t i v e  t o  h y d r o l y s l s .  Subse- 

quen t l y ,  magnesium ox lde  had a s t a b l l l z l n g  e f f e c t  on t h e  

h y d r o l y s l s  I n  t h e  s o l l d  s t a t e .  

Table V I I I  I n f l u e n c e  o f  p a r t l c l e  s l z e  and water  con ten t  o f  
e x c i p l e n t s  on t h e  degrada t ion  o f  a d rug  substance 

Degradat 1 on Capsule f o r m u l a t l o n  
1 week 70 "C Degradat lon  

~~ 

Drug substance w l t h  l a c t o s e  w l t h  co rn  2 months r.t. 
s t a r c h  

mr.1 1 ed 3 - 5 %  >50 % >5 % 
u n m i l l e d  0 %  < 1 %  <2 x 

INFLUENCE OF INPURITIES 

F i g u r e  18 g l v e s  DSC curves  o f  3 batches o f  a d r u g  substance 

s t o r e d  a t  30 "C, 75  % r e l a t i v e  humld i t y .  New batches show a 

1 batch 
7 

batch 

batch 82002 

'2901 

170 200 230 260 290°C 

FIGURE 18. DSC curves o f  3 d l f f e r e n t  batches a f t e r  s to rage 

30 "C, 75  X r .h .  
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S O L I D  STATE R E A C T I O N S  AND MEDICAMENTS 97 

d r a s t i c  l o s s  o f  s t a b i l i t y  compared t o  o l d  batches. 

S t ress  t e s t s  were performed under n i t r o g e n  and oxygen i n  

o rde r  t o  compare severa l  batches. Table I X  summarizes t h e  

a f f e c t e d  parameters,colour and degradat ion  produc ts ,  demon- 

s t r a t i n g  t h e  c a t a l y t i c  i n f l u e n c e  o f  t races  o f  i m p u r i t i e s .  

Table I X  D i f f e r e n t  s t a b i l i t y  behavlour due t o  t r a c e s  o f  I m -  
p u r i t i e s .  S t ress  t e s t  under n i t r o g e n  and oxygen. 

Sample Colour o f  t h e  s o l u t i o n  Degradat ion produc ts  
(Ph. Eur.) 

I n i t i a l  14 days 14 days I n i t i a l  14 days 14 days 
90 "C 90 " C  90 "C 90 "C 
N i t r o g e n  Oxygen N1 t r o g e n  Oxygen 

72901 88 87 86 <1 x 1 %  1 %  
1 %  1 %  

Y3 - Y4 <1 x 10 % 
10 % 

72902 88 87 86 
73901 88 BY5 
81001 85-6 85 BY2-BY3 -1 % 5 %  
82001 85-6 85 BY4 <1 % 2 %  2 %  
83003 B6 86 BY4 <1 % 2 %  - < l o  % 

Table X compares o f  t h e  s t a b i l i t y  behaviour under 

s t r e s s  c o n d i t l o n s  o f  d l f f e r e n t  samples o f  an i n d o l e  o b t a i -  

ned a f t e r  d i f f e r e n t  manufac tur ing  and r e c r y s t a l l i s a t i o n  

processes. 

Tab le  X D i f f e r e n t  manufac tur ing  and r e c r y s t a l l i s a t t o n  
processes. 

Samp 1 e P a r t i c l e  s i z e  HPLC conten t ,  Rank o f  
99 % < 10 days 80 "C, c o l o r a t i o n  

oxygen 

A 36 vm 97.5 % 3 
8 24 pm 89.5 % 2 
C 17 vm 93.1 X 2 
D ( p a r t l y  23 pm 84.1 % 1 
amorphous) 
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98 D. GIRON 

INFLUENCE OF THE QUALITY OF EXCIPIENTS 

I m p u r i t i e s  i n  exc lp len ts  are o f t e n  responsib le  for degrada- 
t i o n ,  f o r  example t races o f  heavy metals I n  t a l c .  b leaching 

agents I n  starch, basic o r  a c i d i c  residues, peroxide con- 

t e n t  and s p e c i a l l y  water content.  Furthermore exc lp ien ts  

e x h i b i t  polymorphism e.g. magnesium stearate,  s o r b l t o l ,  

mannitol, a l l  waxes, aspartame etc .  For example o n l y  one 

c r y s t a l l i n e  m o d i f i c a t i o n  o f  s o r b i t o l  has been found s u i t a -  

b l e  f o r  s tab le  formulat lons (31). 

CONCLUSION 

So l l d -s ta te  react ions I n  pharmacy must be recognlzed a t  a 
very e a r l y  stage o f  development and c a r e f u l l y  s tud ied i n  

order  t o  develop a s u i t a b l e  fo rmu la t i on  and s t a b i l i z e  it. 
Chemlcal and physico-chemical parameters must be known and 

analysed w i t h  appropr ia te methology. 

I n  conclusion, a s u i t a b l e  s t a b i l i t y  program f o r  s o l i d  

dosage forms covers f l r s t , t h e  r i g h t  choice o f  t h e  s a l t  

form, the  knowledge o f  t h e  polymorphic t ransformat lons, 

t h e  choice o f  a s i n g l e  c r y s t a l l l n e  m o d i f i c a t i o n  and t h e  

study o f  hygroscopic i ty  and degradat ion mechanisms. Physi- 

c a l  p roper t i es  o f  t h e  raw mate r ia l s , i nc lud ing  p a r t i c l e  

s ize,  surface area etc. ,  a re  measured. 

The second p a r t  o f  t h e  program deals w i t h  p re fo rmu la t i on  

s tud ies w l t h  exc lp ients ,  t h e  choice o f  t h e  packaglng mate- 

r i a l ,  op t im iza t i on  o f  t h e  formulat lon,  accelerated s t a b l l i -  

t y  t e s t s  and long term s t a b i l i t y  s tud les i n c l u d i n g  an ade- 

quate a n a l y t i c a l  methodology. D
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SOLID STATE REACTIONS AND MEDICAMENTS 99 

F i n a l l y  t h e  f o l l o w  up s t a b i l i t y  program f o r  t h e  marketed 
d rug  substance and dosage form must c o n f i r m  t h e  s t a b i l i t y  
r e s u l t s  o f  development. 
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