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ABSTRACT 

The s t a b i l  i t y  o f  s o l  i d s  and semisol  i d  dosage forms i s  char-  

a c t e r i z e d  by e i t h e r  be ing a s t a b i l i t y  o f  t h e  drug per se, i n  which 

case one o f  t h e  phases o f  Prout-Tompkins equat ion ho lds  ( l e a d i n g  

t o  e i t h e r  p s e u d o - f i r s t  o r  pseudo-zero order  r e a c t i o n s )  o r  by be ing 

an i n t e r a c t i o n .  For i n t e r a c t i o n s  wi th  water  i n  smal l  amounts, or 

w i t h  t r a c e  reactants ,  an e q u i l i b r i u m  i s  reached. When l a r g e r  

amounts o f  water a re  present ,  then Leeson-Mattocks k i n e t i c s  ho ld,  

and a pseudo-zero order  r e a c t i o n  app l ies .  

INTRODUCTION 

I n  t h e  t e x t  t o  f o l l o w ,  t h e  f o l l o w i n g  symbols w i l l  be used. 

The symbols w i l l  not  be exp la ined a t  any o t h e r  p o i n t  i n  t h e  t e x t  

but  below: 

A = drug compound o r  area (cm2) 

B = o t h e r  compound 

c = concent ra t ion  (g/cm3) 
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1278 CARSTENSEN 

D = d i f f u s i o n  c o e f f i c i e n t  (cm'lsec) 

E = a c t i v a t i o n  energy 

f = f r a c t i o n  o f  water  i n  a t a b l e t  ( o r  % )  

H = heat o f  s o l u t i o n  

1, = amount o f  d rug  decomposed as a r e s u l t  o f  i n t e r a c t i o n  

w i t h  a t r a c e  amount o f  r e a c t a n t  

ko = zero o r d e r  r a t e  cons tan t  ( s u b s c r i p t  deno t ing  o r d e r ) ,  

g / t ime  

kl = f i r s t  o rde r  r a t e  cons tan t  ( s u b s c r i p t  deno t ing  o rde r ) ,  

t i m e  

k* = pseudo-order r a t e  constant ,  K = d i s s o l u t i o n  r a t e  

cons tan t  

S = s o l u b i l i t y  (g/cm3) 

t = t i m e  (e.g., month) 

t A ,  tB, t C  = des ignated t imes on a cu rve  

T = abso lu te  temperature (OK) 

x = f r a c t i o n  decomposed 

q = v i s c o s i t y  

v = volume (cm3) 

Z = p reexponen t ia l  k i n e t i c  t e rm (e.g., as c o l l i s i o n  f a c t o r )  

hn = l i g h t  quantum 

DISCUSS ION 

Decompos i t i  on o f  Sol i d  Dosage Forms 

I n  t h e  decomposi t ion of s o l i d s ,  t h e r e  a re  severa l  d i s t i n c t  

t y p e s  o f  s i t u a t i o n s :  
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STABILITY OF SOLIDS AND DISPERSE SYSTEMS 1279 

( a )  Decomposi t ion o f  t h e  s o l i d  d rug  pe r  se. Knowledge o f  

such schemes a re  o f  importance b r o a d l y  and e x p l a i n  a 

c e r t a i n  number o f  s t a b i l i t y  s i t u a t i o n s .  

Decomposition o f  t h e  s o l i d  d rug  i n  presence o f  ( i )  an 

''excess" amount o f  m o i s t u r e  and (ii) a t r a c e  amount o f  

m o i s t u r e  o r  t r a c e  element o r  compound. 

Decomposi t ion o f  t h e  s o l i d  d rug  by i n t e r a c t i o n  wi th  

o t h e r  dosage fo rm components ( e x c i p i e n t s  o r  o t h e r  d rugs )  

p resen t  i n  ( i )  "excess" amounts o f  ( i i )  t r a c e  amounts. 

Loss o f  t h e  s o l i d  drug th rough  t h e  vapor phase. 

( b )  

( c )  

( d )  

Decomposi t ion Per Se 

T h i s  t y p i c a l l y  shows a sigmoid cu rve  such as shown i n  Fig.  

11-4. The t i m e  s c a l e  shown i s  a r b i t r a r y ;  bu t  i f ,  e.g., t B  i s  a t  

1 .o 

X 

A 
+B 

/ almost first order 

order 

I 
I 

+C 

TIME 

Fig. 1 Prout-Tompkins or Bawn decomposition curve 
showing how solid state decomposition of a drug per se 
could approach either zero or first order. 
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1280 CARSTENSEN 

t e n  years,  t h e n  t h e  decomposi t ion w i l l  appear t o  be zero o rde r5  

M = Mo - ko* t (Eq. 1) 

If on t h e  o t h e r  hand t B  i s  s h o r t ,  e.g., one month, t h e n  t h e  

curve w i l l  appear t o  be f i r s t  o rde r :  

ln(M/Mo) = - k l * t  (Eq. 2 )  

For drugs where i n t e r a c t i o n s  a r e  minimal,  one may t h e r e f o r e  

expect  e i t h e r  f i r s t  o r  ze ro  o r d e r  r e a c t i o n s  schemes. 

l o n g  a t  low temperatures and s h o r t  a t  h i g h e r  temperatures,  so t h a t  

A r rhen ius  p l o t t i n g  can be f a l l a c i o u s ,  s i n c e  t h e  r e a c t i o n  w i l l  ap- 

pear zero o r d e r  ( w i t h  a ko*) a t  h i g h e r  temperature,  making ( d i -  

r e c t )  e x t r a p o l a t i o n  u n f e a s i b l e .  The s i t u a t i o n  descr ibed, however, 

i s  ra re .  When i t  happens, t h e  e n t i r e  curve must be represented i n  

c losed  mathematical  f 0 r m ~ 3 ~ .  T h i s  a l l o w s  c a l c u l a t i o n  of t h e  actu-  

a l  k i n e t i c  parameters which then - are t r e a t a b l e  by t h e  A r rhen ius  

Equat ion,  i.e., 

t g  can be 

I n  k = - (E /R) ( l /T )  t Z (Eq. 3 )  

The above u n d e r l i n e s  t h e  f a c t  t h a t  an A r rhen ius  o r  Boltzmann 

equa t ion  always a p p l i e s  i f  t h e  p e r t i n e n t  parameters a re  known. 

But i f  they  a r e  not ,  t hen  t h e  observed r a t e  cons tan t  (which a r e  

d i f f e r e n t  f rom t h e  ac tua l  k i n e t i c  parameters) may f a i l  t o  obey Eq. 

3. 

Decomposition i n  Presence o f  Water i n  Excess 

By "excess" i s  meant t h a t  t h e r e  i s  more e q u i v a l e n t  moles o f  

water  than of drug. The e f f e c t  o f  water  i n  s o l i d  dosage forms i s  

p robab ly  t h e  most common c o n t r i b u t o r  t o  drug i n s t a b i  1 i t y  . Leeson 

and Mattocks8 i n  work l a t e r  conf i rmed by 0 t h e r s ~ 9 ~ ~  have shown 

t h a t  f o r  many systems t h e  s i t u a t i o n  i n  Fig. 2 a p p l i e s .  Water i s  
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STABILITY OF SOLIDS AND DISPERSE SYSTEMS 1281 

DRUG WATER 

Fig. 2. Example of a starch granulated material 
showing bound moisture (in drug and in starch bridge) 
and sorbed water. 

assumed p resen t  as a b u l k  phase, and a l a y e r  o f  water  w i l l  su r -  

round t h e  drug p a r t i c l e s .  

s o l u t i o n ,  and t h e  ac tua l  decomposi t ion i s  accounted f o r  by t h e  

decomposi t ion i n  t h e  s a t u r a t e d  s o l u t i o n .  

decomposi t ion i s  p s e u d o - f i r s t  order ,  i .e., 

Drug w i l l  d i s s o l v e  and form a s a t u r a t e d  

For t h e  s o l u t i o n ,  t h e  

dC/dt = k lC  = - k l S  (Eq. 4) 

The l a t t e r  e q u a l i t y  e x i s t i n g  because t h e  s o l u t i o n  i s  assumed t o  be 

s a t u r a t e d  a t  a l l  t imes. 

and c o n t a i n s  a f r a c t i o n  - f o f  water  (assumed o f  d e n s i t y  one), t h e n  

t h e  t a b l e t  con ta ins  (mf)  grams o r  cc o f  water.  I f  t h e  concen- 

t r a t i o n  i s  m u l t i p l i e d  by t h i s  volume, then  t h e  amount decomposed 

i s  

I f  a t a b l e t  ( o r  capsule)  weighs grams 

-dM/dt = -klmfS 

which i n t e g r a t e s  t o  

M = Mo - k lmfS t = Mo - ko* t 

i n  o t h e r  words, zero o rde r  w i t h  r a t e  cons tan t  

ko* = k lmfS 
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1282 CARSTENSEN 

WATER 

HIGH WATER 
CONTENT 

L 

TIME 

Fig. 3 Pseudo-zero order decomposition at low and high 
moisture content. 

Hence: 

(a )  the  decomposition i s  (pseudo-)zero order  (F ig .  3)  

(b )  

( c )  t he  r a t e  constant (i.e., t h e  r a p i d i t y  o f  degradation) i s  

the slope o f  the  Arrhenius p l o t  i s  ( E t H )  

propor t iona l  t o  the  amount of water present ( f )  and t h e  

s o l u b i l i t y  ( S ) .  

An i n t e r e s t i n g  case of improvement o f  s t a b i l i t y  by a lowered 

s o l u b i l i t y  i s  the case o f  thiamine mononitrate v i s -a -v i s  hydro- 

ch lo r ide .  A case where t h e  amount o f  water present p lays a p a r t  

i s  t h a t  o f  v i tamin  A beadlets i n  m u l t i - v i t a m i n  t a b l e t s  (F ig .  4 ) .  

S t a b i l i t y  programs should always inc lude a mois ture s t ress  

t e s t  t o  insure  t h a t  t h i s  type decomposition does not occur. 

can be done by "adding" t i t r a t e d  amounts o f  mois ture ( through 

vapor phase add i t i on  i n  a des icca tor )  t o  t a b l e t s  and submi t t ing  

them t o  s t a b i l i t y  t e s t s  i n  hermetic containers. I f  the  product i s  

mois ture s e n s i t i v e  as described above, then t h e  s t a b i l i t y  s t ress  

t e s t s  can be used t o  set meaningful moisture spec i f i ca t i ons .  

This  

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



STABILITY OF SOLIDS AND DISPERSE SYSTEMS 1283 

Arrhenius p l o t t i n g  i n  the  case described i s  on ly  meaningful 

i n  hermetic containers. Containers a l low ing  water t ransmiss ion 

w i l l  a l low excessive dry ing  o f  the  product a t ,  e.g., 55OC, and t h e  

s t a b i l i t y  may appear b e t t e r  a t  the  h igher  temperatures. 

Trace Amounts o f  Water o r  Reactant - 
I f  f o r  instance a 300 mg t a b l e t  conta ins 5.6 mg o f  drug o f  

equiva lent  molecular weight o f  140 and 0.18% f ree  moisture, then 

the  maximum decomposition by hydro y s i s  would be as fo l lows:  

t a b l e t  contains 5.6/140 = 0.04 m i l  i equ iva len ts  o f  drug and 0.18 x 

300/(100 x 18) = 0.03 m i l l i e q u i v a l e n t s  o f  water, so t h a t  a t  most 

t h e  

t h i s  amount o f  drug can be hydrolyzed. 

composition i s  I. = 75%, and the  e q u i l i b r i u m  potency l eve l  i s  Mo- 

1, = 25%. 

Hence, the  maximum de- 

This reac t i on  extent  appl ies t o  o ther  temperatures as 

we l l  so t h a t  I. i s  temperature independent. 

Fig. 4A. 

This  i s  depic ted i n  

I f  another reac t i on  takes place also, then t h e  curves have 

the  shape shown i n  Fig. 4b, and here again 1, i s  temperature 

independent, but  i s  batch dependent ( s ince  the  amount o f  water o r  

impur i t y  may vary from batch t o  batch). 

I n i t i a l  curvature, hence, i s  important i n  s t a b i l i t y  programs 

s ince they i n d i c a t e  t r a c e  i n te rac t i ons .  

I n te rac t i ons  

There are several types o f  i n te rac t i ons .  The f i r s t  i s  one o f  

d i r e c t  i n t e r a c t i o n  and the  second most important one where the  

reac t i on  takes p lace v i a  the  vapor phase. 

I f  the  drug A reacts  w i t h  an exc ip ien t  B ( i n  excess), then 

the  reac t i on  becomes pseudo- f i rs t  order i n  A. Here i t  should be 
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1284 CARSTENSEN 

100 

b 

X% H20  

0 

396H2O 

3 6 9 

DAYS AT 55% 

Fig. 4A Decomposition of thiamine hydrochloride in 
microcrystalline cellulose base tablets. 

TIME TIME 

Fig. 4B Decomposition in the presence of a limited 
amount of moisture (or trace reactant. In the first 
case the only reaction taking place is the interaction. 
In the second case there is both an interaction and a 
decomposition of the drug per se. 
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STABILITY OF SOLIDS AND DISPERSE SYSTEMS 1285 

4 -  

3 -  

2 -  

1 -  
Y 

- 8 
+ I I I 

85" C 

70" C 

25" C 

5" c 

-0.3 0 0.3 

log ( % WATER ) 

Fig. 4C. Decomposition of vitamin A beadlets in 
lactose-base tablets as a function of moisture added to 
the tablets. 

noted (as i s  a l s o  the  case w i t h  other  f i r s t  order  reac t ions  AT 

ROOM TEMPERATURE) t h a t  a s a t i s f a c t o r y  p repara t ion  r a r e l y  e x h i b i t s  

more than 10-15% decomposition dur ing  market l i f e .  The amount M 

re ta ined i s  (Eq. 2 ) :  

ln(M/Mo) = ln (1 -x )  = - k l * t  (Eq* 7) 

I f  x < 0.15, then the  mathematical approximation below holds: 

l n (1 -x )  - -x  (Eq. 8) 

Since x = (Mo-M)/M,, i t  fo l lows t h a t  

ln(M/Mo) = ln (1-x )  - =x = - k l * t  (Eq* 9 )  

o r  

M = Mo(1-k l t )  = Mo - ko't (Eq* 10) 

i .e., t h e  f i r s t  order reac t i on  tu rns  i n t o  a pseudo-zero order  

reac t i on  AT ROOM TEMPERATURE, and the  r a t e  constant i s  
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1286 CAR STEN S EN 

ko* = Mokl (Eq* 11)  

A t  h i g h e r  temperatures,  x may e a s i l y  exceed 15%, and Ar rhen ius  

p l o t s  a re  t h e r e f o r e  bes t  t r e a t e d  as f i r s t  o r d e r  a t  - a l l  tempera- 

t u r e s  i n  t h i s  case. 

temperature,  be conver ted t o  ko* v i a  Eq. 11. I f  t h e  r e a c t a n t  (6) 

i s  not  i n  excess, then t h e  decomposi t ion becomes a k i n  t o  t h e  case 

o f  t r a c e  i n t e r a c t i o n  ( S e c t i o n  1-3). 

The e x t r a p o l a t e d  k l  v a l u e  can, a t  room 

I n t e r a c t i o n  v i a  Vapor Phase o r  Consecut ive Reac t ion  

T h i s  has been repor ted,  e.g., f o r  combinat ions o f  a s p i r i n  and 

p h e n y l e p h e r i n e l l  and f o r  a s p i r i n  and codeine12. The da ta  by Troop 

and M i t c h n e r l l  a r e  shown i n  Fig. 5. Here t h e  r e a c t i o n  scheme i s :  

React ion 1: C6H4(0COCH3)COOH t H20 = CgHq(0H)COOH + 

CH3COOH 

Reac t ion  2: CH3COOH + R l R Z N H  = RlRzN-CO-CH3 t H20 

I t  i s  noted t h a t  t h e  water  consumed i s  regenerated. The a c e t i c  

a c i d  i s  l i q u i d  and c o u l d  r e a c t  as such, or i t  cou ld  r e a c t  through 

t h e  vapor phase s i n c e  i t  has a s i z a b l e  vapor pressure.  

Loss o f  S o l i d  Through Evapora t i on  

T h i s  i s  u s u a l l y  n o t  a p o i n t  o f  c o n s i d e r a t i o n  except f o r  a 

ve ry  few cases, one o f  which, however, has been q u i t e  impor tan t .  

Some drugs e x h i b i t  s i g n i f i c a n t  vapor pressures a t  room tempera- 

t u r e .  I n  such cases, an e q u i l i b r i u m  amount w i l l  always be l o s t  t o  

t h e  i n t e r i o r  of t h e  b o t t l e  - t h e  l a r g e r  t h e  head space, t h e  l a r g e r  

t h e  " loss."  

b o t t l e  (e.g., a p l a s t i c  b o t t l e ) ,  t h e n  o f  course t h e  loss becomes 

d i  f f u s i  on c o n t r o l  1 ed. 

I f  t h e  vapor can m i g r a t e  through t h e  w a l l  o f  t h e  
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0.5 1 I .5 

PHENYLEPHRINE LOST mg 

Fig. 5A. Aspirin-phenylephrine interaction. Figure is 
drawn from data publsihed by Troup and Mitchner (11) 

6 

4 

ACETY LATE D 

PRODUCT 

2 

10 20 DAYS 

Fig. 5B. Aspirin-codeine interaction. Figure is drawn 
from data published by Jacobs et al. (12). 
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A famous example o f  l oss  through evaporation i s  n i t r o -  

g l yce r in .  The data by Fusari e t  a1.13 are shown i n  Fig. 6. 

n i t r o g l y c e r i n  the  s i t u a t i o n  i s  f u r t h e r  complicated by the  f a c t  

t h a t  i t  i s  s t rong ly  sorbed t o  co t ton  so t h a t  i f  co t ton  i s  present 

then a s i t u a t i o n  occurs which can be described by: 

For 

Drugsol i d  Drug v a po r - Drug adsorbed 

This  resu l t s  i n  somewhat compl i cated k i n e t i c s .  Since several r a t e  

constants are involved, simple Arrhenius p l o t t i n g  i s  not 

appl icable.  

Stabi  1 i t y  o f  Semi sol i d  and D i  spers i  on Dosage Forms 

I n  the  case o f  semisolids, these may vary from very l i q u i d  

systems (suspensions) t o  almost so l  i d  systems (e.g., ointments). 

The d i s t i n c t i o n  between the  two i s  vague, but  grosso modo one may 

t h i n k  o f  t he  very l i q u i d  systems as being pseudo-Newtonian ( i  .e., 

having low o r  zero y i e l d  values) and the  almost s o l i d  systems hav- 

i n g  l a rge  y i l e l d  values and, e.g., a l so  i nc lude  t h i x o t r o p i c  prepa- 

ra t i ons  w i t h  s t r a i n  r a t e  depending y i e l d  values. For t h e  l i q u i d  

systems, the  k i n e t i c  s i t u a t i o n  i s  p r i n c i p a l l y  i oden t i ca l  t o  t h a t  

described i n  sec t ion  1-2 (which i s  v i r t u a l l y  a very concentrated 

suspension), i .e., ( re :  Fig. 78)15 

M = Mo - klVS t (Eq. 1 2 )  

where V now i s  the  volume o f  the  dose (e.g., the  volume corre- 

sponding t o  one gram). 

somewhat l i q u i d  pet ro la tum suspensions. I f  the  s o l u b i l i t y  i s  VERY 

low, the  decomposition pa t te rn  may be c o n t r o l l e d  by the  decomposi- 

t i o n  i n  s o l i d  s ta te,  e.g., be i d e n t i c a l  t o  t h a t  described i n  

sec t ion  1-1. 

This, f o r  instance, would be t h e  case o f  
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2 4 6 

MONTHS AT 25%C 

Fig. 6A. Apparent potency loss of nitroglycerin in 
tablets as a function of time. The figure has been 
constructed from data published by Fusari (13) 

92 100 108 116 

%LABEL CLAIM 

Fig. 6B. Distribution of assays as a function of time. 
The figure has been constructed based on data published 
by Fusari (13) 
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TIME 

Fig. 7 Kinetics of degradation for a viscous system. 

30 60 90 120 

DAYS AT 60 O C 

Fig. 7B. Pseudo-zero order decomposition of 
hydrocortisone in an ointment base. The figure is 
constructed from data published by Allen and Das Gupta 
( 1 5 )  
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It i s  noted t h a t  the  considerat ions leading t o  Eq. 13 assume 

t h a t  every t ime a molecule decomposes i n  the  l i q u i d  phase, i t  i s  

replaced by one d isso lv ing .  The d i s s o l u t i o n  r a t e  constant K i s  

given by the  Noyes-Whitney equation: 

dC/dt = K A (S-C) (Eq* 13) 

For very viscous systems, the  k i n e t i c s  o f  degradation may (par-  

t i a l l y )  be d i s s o l u t i o n  r a t e  con t ro l l ed .  The r a t e  o f  disappearance 

a t  t ime t, from l i q u i d  s o l u t i o n  i s  -klC, and the r a t e  o f  appear- 

ance i s  given by Eq. 13 so t h a t  the  o v e r a l l  decrease i n  

concentrat ion i n  t h e  l i q u i d  phase i s  given by: 

dC/dt = - k l C  + KA(S-C) 

C = (exp( - (k l+AK) t ) )  S KA/(kl+KA) 

(Eq. 14) 

The s o l u t i o n  t o  t h i s  d i f f e r e n t i a l  equation i s :  

0%. 15)  

A t  h igh t -va lues  

C = S A K / ( k l  + KA) (Eq* 16) 

and the  r a t e  equation f o r  decomposition, a t  h igh t, becomes 

M = Mo - klAKSV/( kl+AK) t (Eq. 17) 

This, again, i s  zero order, but  the  slope i s  d i f f e r e n t  than t h a t  

p red ic ted  by Eq. 12. An example i s  shown i n  Fig. 7A. 

It i s  noted t h a t  K i s  p ropor t iona l  t o  D. Hence 

(1 )  s ince D i s  i nve rse l y  p ropor t iona l  t o  n, t he  v i scos i t y ,  

i t  fo l l ows  t h a t  the  more viscous i s  t he  preparat ion,  t h e  

more s tab le  w i l l  i t  be. I n  t h e  l i m i t i n g  case, however 

(as f o r  t he  l i q u i d  systems), t he  s t a b i l i t y  o f  t he  s o l i d  

compound per se w i l l  be r a t e  l i m i t i n g .  

( i i )  f o r  hyd roph i l i c  molecules, small amounts o f  water w i l l  

increase 0, and decrease s t a b i l i t y ,  
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( i i i )  t he  l a r g e r  t h e  surface area, t he  l a r g e r  K, and the  l e s s  

s tab le  the  preparat ion.  

l a rge  f o r  reasons o f  b i o a v a i l a b i l i t y .  

However, A must o f t e n  be kept 

The length  of t ime t B  i n  Fig. 7 i s  when exp(-kl+KA)tB) 0.1, 

i .e., when 

t g  = 2.3/ (kl+KA) 

The l a r g e r  kl, K, o r  A, the  longer  i s  

L i g h t  Stabi 1 i ty  

L i g h t  s t a b i l i t y  o f  pharmaceutica 

(Eq. 18) 

t h i s  l a g  t ime. 

products i s  best checked, 

us ing the  l i g h t  cabinet  described by Lachmann e t  a1 .16 This  makes 

use o f  a f luorescent  bu lb which i s  the  "average" o f  what might be 

encountered i n  a pharmacy i n  the  U.S. Acce lera t ion  i s  obtained by 

(a )  increas ing the  i n t e n s i t y  o f  t he  bulb, and (b )  by p lac ing  the  

sample c lose t o  the  bulb. The cabinet  i s  we l l  v e n t i l a t e d  so t h a t  

t he  temperature o f  the  samples w i l l  not r i s e  ( s i g n i f i c a n t l y ) .  Ac- 

ce le ra t i on  by lower ing the  wavelength o f  t he  l i g h t  (U.V. as, e.g., 

i n  Fadeometers) i s  not r e a l i s t i c ,  s ince it may provoke reac t ions  

which requ i re  h igher  energet ics  than encountered i n  pharmaceutical 

p rac t ice .  

Lachmann e t  a1 .I7 and others18 have shown t h a t  pho to l ys i s  per 

-' se i.e., 

A t hn + degradation (Eq* 19) 

i s  confined t o  the  upper l aye r  o f  a t a b l e t .  

the other  hand have shown t h a t  i f  the  l i g h t  i n i t i a t e s  a reac t i on  

between drug ( A )  and an exc ip ien t  (B), then the  reac t i on  

Kaminski e t  a1 .19 on 

A + B  t7rl Degradation (Eq* 20) 
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1 

0.5 

0 

LT 
w 
n 
LT 

10 20 

DAYS 

Fig. 8 Sensitivity of dyed tablets to light measured by 
reflectance. The figure is drawn based on data 
published by Lachman et al. (16) 

w i l l  proceed throughout  t h e  whole t a b l e t .  It i s  i n t e r e s t i n g  t h a t  

i f  Cg < . C A ,  then an e q u i l i b r i u m  r e s u l t s  (F ig .  9 )  a t  CA-CB. 

s tandard d e v i a t i o n  o f  t h e  assay i nc reases  w h i l e  t h e  r e a c t i o n  goes 

on (F ig .  9)  and t h e n  l e v e l s  o f f  as it e q u i l i b r a t e s  (somewhat a k i n  

t o  t h e  f i n d i n g  of Fusar i13,  Fig.  68 i n  another  connect ion,  i.e., 

evapora t i on  o f  n i t r o g l y c e r i n ) .  

The 

O x i d a t i o n  

T h i s  t y p e  o f  r e a c t i o n  w i t h  respect  t o  s o l i d s  o f  semiso l i ds  

has n o t  been e x t e n s i v e l y  r e p o r t e d  i n  t h e  pharmaceut ica l  1 i t e r a -  

t u r e .  Never the less,  i t  i s  o f  g rea t  importance. For i n s t a n c e  t h e  

most b u r n i n g  s t a b i l i t y  problem i n  t h e  e a r l y  5 0 ’ s  was t h e  s t a b i l i t y  

of v i t a m i n  A o i l s  i n  s o l i d  p repara t i ons .  These o x i d i z e d  r a p i d l y ,  

and i t  was n o t  u n t i l  t h e  i n c e p t i o n  o f  g e l a t i n - c o a t e d  v i t a m i n  A 

t h a t  t h e  problem was solved. 
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1 .o 

0.8 

0.6 

0.4 

L.3 K 1  -- -1J 

1 
- 

I I I I Ya 
15 30 45 60 75 DAYS 

Fig. 9 Ethinyl estradiol potency and standard error as 
a function of time. The figure is constructed from 
data published by Kaminski et al. (J.Pharm.Sci., 68 
368 (1979)) 

Several processes suggest themselves i n  general i n  the  oxida- 

t i o n  o f  a so l i d :  ( A )  oxygen adsorpt ion fo l lowed by react ion,  (b )  

the  same but  w i t h  au toca ta lys i  s, and (c )  in termediate complexes. 

I n  the  l a t t e r  category i s  the  work on f u m a l g i l l i n  repor ted by 

Garret t19 where the  drug ( A )  ox id izes  v i a  an a c t i v e  complex hence 

showing second order k i n e t i c s  : 

A + 02 + A02 ,fA 2AO (Eq. 21) 

Darkening of sodium ascorbate i n  the  s o l i d  s t a t e  i s  another 

(probable) substance i n  the  category o f  ox idat ion,  although t h e  

scheme i s  complex and a lso  e n t a i l s  hydro lys is .  Here ye l l ow ing  

occurs, and the  progression o f  t he  appearance, i .e., ex t rapo la t i on  

o f  appearance, can be done by use o f  t r i s t i m u l u s  l i g h t  exposure 

meter as described by Carstensen e t  a1 . 21 
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For semi so l  i d s  , oxygen permeation i s  probably  r a t e  c o n t r o l  1 - 
i n g  i n  t h e  cases where o x i d a t i o n  app l ies .  

have been worked out  ( a l b e i t  i n  another connection) by Hom e t  

a1 . 

The k i n e t i c s  o f  t h i s  

20 
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