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1.1 I n t r o d u c t i o n  

Th is  chapter  i s  o f  an i n t r o d u c t o r y  na tu re  and i s  n o t  designed as a de- 

t a i l e d  rev iew o f  t h e  theo ry  o f  k i n e t i c s .  

more than adequately,  by a number o f  eminent a u t h o r i t i e s  i n  pharmaceut ics,  

chemis t ry  and a l l i e d  f i e l d s .  

rev iew o f  a l l  i ns tances  where k i n e t i c  da ta  p e r t i n e n t  t o  pharmaceut ica l  systems 

has been recorded. Readers i n t e r e s t e d  i n  such i n f o r m a t i o n  a r e  r e f e r r e d  t o  

t h e  e x c e l l e n t  c o n t r i b u t i o n s  by Fung ( 1 )  Connors, Amidon and Kennon (2 )  G r i m m  

and Schepky (3)  and Carstensen (4,5). 

deal ,  i n  much g r e a t e r  d e t a i l ,  w i t h  c e r t a i n  aspects o f  k i n e t i c s  and t h e  

a p p l i c a t i o n  t o  pharmaceut ica l  systems o f  k i n e t i c  methods. The o b j e c t i v e  o f  

t h i s  chap te r  i s  t o  p resen t  an overv iew o f  t h e  use o f  k i n e t i c s  f o r  t h e  eva lu -  

a t i o n  o f  t h e  s t a b i l i t y  o f  pharmaceut ica l  p roduc ts .  I n  t h i s  chapter  t h e  

au thor  discusses some o f  t he  main a p p l i c a t i o n s  o f  k i n e t i c s  i n  pharmaceut ica l  

s t a b i l i t y  work. 

f o r  f u t u r e  growth o r  are,  a t  p resent ,  n o t  f u l l y  e x p l o i t e d  o r  s u b j e c t  t o  mis -  

unders tand ing  . 

That t o p i c  has been d e a l t  w i t h ,  

Nor i s  t h i s  chap te r  planned as a comprehensive 

A lso ,  o t h e r  chapters  i n  t h i s  book 

A t t e n t i o n  i s  a l s o  d i r e c t e d  t o  aspects which have p o t e n t i a l  

The u n d e r l y i n g  cause o f  t h e  i n s t a b i l i t y  o f  pharmaceut ica l  systems i s  

thermodynamic i n  o r i g i n .  I n  p a r t i c u l a r ,  s ince  pharmaceut ica l  p roduc ts  a r e  
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1164 RHODES 

g e n e r a l l y  cha rac te r i zed  by a low l e v e l  o f  ent ropy,&$ values w i l l  o f t e n  

favor  degradat ion.  

dynamics i s  o f  proven o r  p r a c t i c a l  va lue i n  p r e d i c t i n g  f i n a l  e q u i l i b r i u m  

p o s i t i o n s ,  i t  i s  o f  no d i r e c t  va lue i n  q u a n t i f y i n g  the  r a t e  a t  which such 

e q u i l i b r i u m  p o i n t s  w i l l  be reached. Absolute s t a b i l i t y  f o r  a pharmaceut ical  

system i s  n e i t h e r  necessary n o r  p r a c t i c a l  - i f  a u n i t  o f  a pharmaceut ical  

product  i s  s t i l l  on the  market a f t e r  t e n  yea rs  we may n o t  have a s t a b i l i t y  

problem b u t  we c e r t a i n l y  have a sa les o r  d i s t r i b u t i o n  problem. 

t h i s  author  i s  aware l i t t l e ,  i f  any, use has been made o f  t he  r e l a t i v e l y  

new d i s c i p l i n e  o f  non -equ i l i b r i um thermodynamics f o r  t h e  i n v e s t i g a t i o n  o f  

drug product  s t a b i l i t y .  

by pharmaceut ical  s c i e n t i s t s .  Thus, a t  p resen t  c l a s s i c a l  k i n e t i c s ,  t h e  

s t a r t i n g  p o i n t  o f  which i s  t he  Law o f  Mass Act ion,  has a unique r o l e  t o  

p l a y  i n  pharmaceut ical  s t a b i l i t y  problems. 

Un fo r tuna te l y ,  a l though c l a s s i c a l  e q u i l i b r i u m  therno-  

As f a r  as 

Perhaps t h i s  technique should be f u l l y  i n v e s t i g a t e d  

What are the  e f f e c t s  which can be caused by i n s t a b i l i t y  problems i n  

pharmaceut ical  products? 

There are a t  l e a s t  s i x  p o s s i b l e  r e s u l t s  o f  drug p roduc t  i n s t a b i l i t y :  

1. l o s s  o f  a c t i v e  drug, (e.g., a s p i r i n  h y d r o l y s i s ) ,  

2. 

3. 

4. 

l o s s  o f  v e h i c l e  (morphine e l i x i r ) ,  

l o s s  of content  u n i f o r m i t y  (suspension impac t ion ) ,  

reduc t i on  o f  b i o a v a i l a b i l i t y  ( t a b l e t  aging r e s u l t i n g  i n  
change o f  d i s s o l u t i o n  p r o f i l e ) ,  

impairment o f  pharmaceut ical  elegance ( i n t e r a c t i o n  o f  amine drugs 
w i t h  spray d r i e d  l a c t o s e  t o  g i v e  y e l l o w  spots  on t a b l e t s ) ,  

product ion o f  p o t e n t i a l l y  t o x i c  m a t e r i a l s  ( g l a s s  sp i cu les  on 
au toc lav ing  s o l u t i o n s  c o n t a i n i n g  c i t r a t e s ) .  

5.  

6. 

1.2 Modes o f  Degradat ion 

Degradation o f  pharmaceut ical  systems can be produced by cont inuous o r  

i n t e r m i t t e n t  processes. Hydro l ys i s  o f  an a n t i b i o t i c  i n  aqueous s o l u t i o n  i s  

a cont inuous process whereas the  degradat ion which can r e s u l t  f rom dropping 

a ca r ton  o f  pharmaceut ical  products  a t  a l o a d i n g  dock i s  n o t  cont inuous, b u t  

i n t e r m i t t e n t  i n  nature.  I n  general ,  k i n e t i c  p r i n c i p l e s  can be used, w i t h  

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.



OVERVIEW OF KINETICS 1165 

v a r y i  ng degrees o f  success, i n  p r e d i c t i n g  con ti nuous degradat ion,  they a r e  o f  

much less  va lue i n  d e a l i n g  w i th  i n t e r m i t t e n t  problems where p u r e l y  s t a t i s t i c a l  

approaches are o f  g r e a t e r  u t i l i t y .  

I t  i s  a l s o  common t o  c l a s s i f y  the degradat ion o f  pharmaceut ical  products  

as be ing  due t o  chemical, phys i ca l  o r  b i o l o g i c a l  mechanism. 

ca t i on ,  a l though use fu l ,  i s  by no means w a t e r t i g h t .  

o f  a pharmaceut ical  product  i n v o l v e s  a combinat ion o f  more than one o f  these 

mechanisms. 

e f f e c t ,  i s  due, i n  p a r t  a t  l e a s t ,  t o  a complex o x i d a t i o n  process. 

has achieved wide r e c o g n i t i o n  i n  he lp ing  t o  deal  w i t h  chemical  problems. 

It i s  l e s s  w ide ly  used f o r  phys i ca l  and b i o l o g i c a l  degradat ion.  Al though, i t  

i s  recognized t h a t  many o f  the problems we encounter i n  these areas are com- 

p l e x  i t  i s  d e s i r a b l e  t h a t  we should now be e x p l o r i n g  i n  more depth the  f u r t h e r  

use o f  k i n e t i c s .  

Th i s  c l a s s i f i -  

Of ten t h e  degradat ion 

For example, t he  loss o f  t e n s i l e  s t r e n g t h  o f  condoms, a p h y s i c a l  

K i n e t i c s  

1.3 Rate Equat ions 

It i s  the  p resen t  a u t h o r ' s  op in ion,  based on h i s  exper ience as a research 

worker and consu l tan t  t o  i n d u s t r y ,  t h a t  a l though t h e  mathematical  r e l a t i o n s h i p s  

used i n  k i n e t i c s  are g e n e r a l l y  w e l l  understood, t he  a p p l i c a t i o n  o f  these 

equat ions t o  r e a l  pharmaceut ical  systems i s  sometimes na ive  and o v e r l y  s i m p l i s t i c .  

Also, k i n e t i c  equat ions are sometimes abused by us ing  them i n  s i t u a t i o n s  f o r  

which the re  i s  no t h e o r e t i c a l  o r  p r a c t i c a l  j u s t i f i c a t i o n .  I n  p a r t i c u l a r ,  i t  

i s  a l l  t o o  common t o  f o r g e t  t h a t  t he  accuracy p r e c i s i o n ,  s e n s i t i v i t y  and 

s p e c i f i c i t y  o f  our  assay can sometimes p lace  s u b s t a n t i a l  l i m i t a t i o n s  on 

k i n e t i c  i n t e r p r e t a t i o n  o f  ou r  data.  

For the  zero and f i r s t  o r d e r  r a t e  equat ions,  i t  i s  o f  course obvious t o  

any s i x t h  grade math s tudent  t h a t  p l o t s  o f  C ( r e a c t a n t  drug concen t ra t i on )  as 

a func t i on  o f  t ime  w i l l  produce r a d i c a l l y  d i f f e r e n t  curves. Thus i f  a s u f f i -  

c i ency  o f  exper imenta l  values of C, of acceptable p r e c i s i o n  and wide enough 

range, i s  a v a i l a b l e  we can r e a d i l y  d i s t i n g u i s h  i f  a g i ven  r e a c t i o n  i s  ze ro  

o r  f i r s t  o rde r .  

n o t  be sure whether we w i l l  be j u s t i f i e d ,  a t  say t h e  95% conf idence l e v e l ,  

However, un less we know t h e  p r e c i s i o n  o f  o u r  data we can 
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i n  i d e n t i f y i n g  a process as zero o r  f 

does con ta in  a number o f  sound papers 

t i c a l  methods t o  pharmaceut ical  s t a b i  

RHODES 

r s t  order .  Al though, the  l i t e r a t u r e  

d e s c r i b i n g  the a p p l i c a t i o n  o f  s t a t i s -  

i t y  data, t h e r e  a re  s t i l l  t o o  many 

workers who a re  apparen t l y  unaware o f  t he  va lue o f  s t a t i s t i c a l  techniques. 

The paper by Boudreau and Har r i son  ( 6 )  i s  a good expamle o f  a sound s t a t i s t i c a l  

approach t o  pharmaceut ical  s t a b i l i t y .  

One o t h e r  aspect which compl icates t h i s  problem i s  the  f a c t  t h a t  i n  

pharmaceut ical  s t a b i l i t y  we are,  f o r  p r a c t i c a l  purposes, o f t e n  o n l y  i n t e r e s t e d  

i n  the f i r s t  10% o f  the degradat ion r e a c t i o n .  Thus i t  i s  o f t e n  t h e  case t h a t  

o u r  range o f  exper imental  concen t ra t i on  va lues can be d i s t r e s s i n g l y  smal l  and 

t h i s  f u r t h e r  i n h i b i t s  ou r  a b i l i t y  t o  d i f f e r e n t i a t e  a ze ro  f rom a f i r s t  o r d e r  

r e a c t i o n .  

Tests f o r  goodness o f  f i t  o f  o u r  exper imenta l  data t o  zero o r  f i r s t  o r d e r  

r a t e  equat ions can be o f  m a t e r i a l  ass i s tance  i n  dec id ing  which o r d e r  the  r e -  

a c t i o n  which we are i n v e s t i g a t i n g  i s  f o l l o w i n g .  Since, i n  may instances,  we 

have data f rom a number o f  exper iments i n  which the  sample t imes a r e  ve ry  

s i m i l a r ,  i t  i s  use fu l  t o  app ly  B ro the rs '  Near Neighbour Test which g i ves  us 

a more r e a l i s t i c  value o f  t h e  number o f  degrees o f  freedom i n  ou r  da ta  than 

would otherwise be the  case. 

O f  course, t he re  are e m p i r i c a l  approaches t o  drug p roduc t  s t a b i l i t y  

which do n o t  r e q u i r e  a complete understanding o f  k i n e t i c  pathways. However, 

when one i s  us ing  acce le ra ted  s t a b i l i t y  methods, such as those which e x p l o i t  

t h e  Arrhenius equat ion,  knowledge o f  t he  o r d e r  i s ,  o f  course, e s s e n t i a l .  

K i n e t i c  data i s  o n l y  as good as the exper imenta l  method used t o  generate the  

raw data. Fo r tuna te l y ,  chromatographic methods, e s p e c i a l l y  HPLC, o f t e n  l end  

themselves r e a d i l y  t o  the development o f  s t a b i l i t y  i n d i c a t i n g  assays o f  

acceptable p r e c i s i o n  (7,8). 

1.4 E f f e c t s  o f  Temperature on React ion Rates 

Temperature i s  impor tan t  i n  pharmaceut ical  s t a b i l i t y  f o r  bo th  p r a c t i c a l  

and t h e o r e t i c a l  reasons. O f  a l l  t h e  f a c t o r s  which can adverse ly  a f f e c t  drug 

p roduc t  s t a b i l i t y ,  temperature i s  p robab ly  the  o n l y  one which approp r ia te  
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OVERVIEW OF KINETICS 1167 

pack se lec t i on  can n o t  con t ro l ,  a t  l e a s t  i n  p a r t .  

from b i t t e r  experience, i n s t r u c t i o n s  such as "Store i n  a Cool Place" can too 

o f t e n  be c l a s s i f i e d  as a pious hope r a t h e r  than a r e a l i s t i c  expectat ion.  

Thus, we have an obvious p r a c t i c a l  reason for exp lo r ing  temperature e f f e c t s  

on drug product s t a b i l i t y .  

The theo re t i ca l  i n t e r e s t  i n  temperature e f f e c t s  der ives,  t o  a consider- 

As many o f  us have learned 

able extent ,  from the Arrhenius equation (Eq. 1 )  which r e l a t e s  temperature (T) 

and r a t e  constant ( k )  , 

l o g  k = l o g  A - (Ea / 2.303RT) 

where A i s  the frequency fac to r ,  Ea i s  the energy o f  a c t i v a t i o n ,  and R t he  

Gas Constant. 

This equation has been v a l i d l y  exp lo i t ed  f o r  the p r e d i c t i o n  o f  s h e l f  

l i f e  o f  pharmaceutical products. I t  has a lso,  on occasions, been t e r r i b l y  

abused. 

A p l o t  of l o g  k as a func t i on  of rec ip roca l  temperature w i l l ,  i f  the  

Arrhenius r e l a t i o n s h i p  i s  observed, g ive a s t r a i g h t  l i n e  p l o t  o f  an i n t e r c e p t  

on the o rd ina te  of l o g  A and slope -(Ea/2.303R). 

are ava i l ab le  a t  e levated temperatures (say 40,45,50, and 6 0 ° C ) ,  i t  may be 

Therefore, i f  values o f  k 

poss ib le  t o  estimate the s h e l f  1 

ed s t a b i l i t y  t e s t s  can indeed be 

products p rov id ing  the Arrhenius 

t u r e  dependence o f  the reac t i on  

s t i l l  see t h i s  equation abused. 

f e  a t  room temperature. 

usefu l  i n  p r e d i c t i n g  the l i k e l y  s h e l f  l i f e  of 

r e l a t i o n s h i p  does indeed govern the tempera- 

9 ) .  However, f a r  too o f t e n  the authors 

The use o f  accelerat -  

The phenomenon o f  t a b l e t  aging i s  an area which has a t t r a c t e d  considerable 

i n t e r e s t  recen t l y .  

e f f e c t s  are incompletely understood a t  present. Results o f  t a b l e t  aging - 
s i g n i f i c a n t  changes i n  d i s i n t e g r a t i o n  and d i s s o l u t i o n  times - are o f t e n  o f  

considerable p r a c t i c a l  importance and have, unfor tunate ly ,  sometimes r e s u l t e d  

i n  r e c a l l s .  

data which would r e l i a b l y  a l l ow  the use o f  an Arrhenius approach t o  p r e d i c t i n g  

the ex ten t  o f  t a b l e t  aging. S i m i l a r l y ,  there i s  no j u s t i f i c a t i o n  f o r  assuming 

The mechanism, o r  mechanisms, responsib le  f o r  t he  aging 

There does no t  appear t o  be any experimental o r  t h e o r e t i c a l  
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1168 RHODES 

t h a t  changes i n  t a b l e t  hardness can always be used as q u a n t i t a t i v e  i n d i c a t o r s  

o f  aging (10) .  Bo l ton  has r e c e n t l y  pub l i shed  (11) an i n t e r e s t i n g  paper which 

considers t h e  s t a b i  1 i t y  o f  re lease  r a t e s  f o r  sus ta ined  re lease  pharmaceut icals.  

Chowhan and h i s  co-workers have repo r ted  a comparat ive e v a l u a t i o n  o f  aqueous 

f i l m  coated t a b l e t  f o rmu la t i ons  subjected t o  h i g h  humid i t y  ag ing (12 ) .  

These and o t h e r  papers i n  t h i s  area c l e a r l y  i n d i c a t e  t h a t  t a b l e t  ag ing  i s  

indeed complex. 

use of an Arrhenius approach t h i s  tempta t i on  should be r e s i s t e d .  

U n t i l  such t ime as r e l i a b l e  da ta  i s  a v a i l a b l e  t o  j u s t i f y  t he  

Even when a system may reasonably be used f o r  an Arrhenius t y p e  approach 

i t  i s  o f  course e s s e n t i a l  t o  have r e l i a b l e  i n f o r m a t i o n  on the  p r e c i s i o n  o f  

t he  data. 

c o r r e l a t i o n  c o e f f i c i e n t  o f  1.00, must be used w i t h  g r e a t  cau t ion !  

Also,  two p o i n t  Arrhenius p l o t s ,  a l though they always have a 

However, l e t  me n o t  g i v e  the  impress ion t h a t  t h e  Arrhenius equa t ion  i s  

n o t  a t o o l  o f  g rea t  va lue when used a p p r o p r i a t e l y  - i t  c e r t a i n l y  i s .  

number o f  d i s t i n g u i s h e d  pharmaceut ical  s c i e n t i s t s  have shown cons ide rab le  

i n g e n u i t y  i n  man ipu la t i ng  the  Arrhenius equat ion.  

i n t roduced  the  programmed temperature r i s e  technique and a number o f  o t h e r  

workers have a l s o  i n t roduced  i n t e r e s t i n g  m o d i f i c a t i o n s  t o  t h e  use o f  t he  

Arrhenius equat ion.  Thus, Fung has r e c e n t l y  presented i n f o r m a t i o n  on a 

computer method which, by t rans fo rma t ion  o f  the bas i c  r a t e  equat ions and 

t r u n c a t i o n  o f  t he  Arrhenius p l o t ,  a l l ows  d i r e c t  conversat ion o f  t h e  raw 

exper imental  data t o  g i ve  an est imate o f  s h e l f  l i f e  (14) .  

A 

For  example, Rogers (13)  

Yang has pub l i shed  a u s e f u l  s tudy o f  t he  use o f  t h e  non- isothermal 

accelerated k i n e t i c  s tudy i n  pharmaceut ical  development. 

po in ted  o u t  t h e  l i m i t a t i o n s  o f  t h i s  approach (15,16,17). 

He very p r o p e r l y  

Yang a l s o  considered t h e  e f f e c t s  o f  e r r o r s  i n  t h e  es t ima t ion  o f  t he  

a c t i v a t i o n  energy and s h e l f  l i f e  caused by us ing  an i n c o r r e c t  o r d e r  i n  any 

accelerated s t a b i l i t y  t e s t .  

poss ib le  t o  determine k i n e t i c  order ,  ze ro  o r d e r  can be assumed so t h a t  a con- 

se rva t i ve  est imate o f  s h e l f  l i f e  w i l l  be obtained. 

He p o i n t e d  o u t  t h a t  when i t  i s  v i r t u a l l y  i m -  

Zog l i o  and h i s  assoc iates and o t h e r  workers have discussed t h e  l i n e a r  

temperature: time acce le ra ted  s t a b i l i t y  s tudy method and t h i s  method m e r i t s  
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OVERVIEW OF KINETICS 1169 

considerat ion by those wish ing t o  use an Arrhenius approach (18). 

t e r e s t i n g  papers which deal w i t h  s t a t i s t i c a l  aspects o f  the Arrhenius 

equation have been published by Yarwood and h i s  co-workers (19) and 

P o r t e r f i e l d  and Capone (20). 

Two i n -  

One f a c t o r  which should no t  be neglected i n  dec id ing whether o r  n o t  t o  

use an Arrhenius approach i s  t he  l i k e l y  energy o f  a c t i v a t i o n  (E,) o f  the 

degradation react ion.  For p y r o l y s i s  a value o f  about 60 k ca l  mole-’ i s  

l i k e l y :  

whereas f o r  pho to l ys i s  the Ea value i s  l i k e l y  t o  be on ly  about 3 k ca l  mole-’. 

f o r  s o l v o l y s i s  a value i n  the reg ion o f  20 k ca l  mole-’ i s  probable 

O f  the various methods by which drugs can degrade chemical ly, hyd ro l ys i s  

and ox ida t i on  have probably the greatest  importance. 

some r a t h e r  i n t e r s t i n g  d i f ferences.  e f f e c t s  

o f  such fac to rs  as pH i n  terms o f  general o r  s p e c i f i c  ac id  base c a t a l y s i s  have 

been r a t h e r  f u l l y  explored and are o f t e n  r e l a t i v e l y  simple. 

c e u t i c a l  s c i e n t i s t s  have published s tud ies d e f i n i n g  the p H : s t a b i l i t y  p r o f i l e s  

o f  a v a r i e t y  o f  drugs (21,22). 

are there are obvious l i m i t a t i o n s  i n  vary ing the pH o f  pharmaceutical formu- 

l a t i o n s .  

The two processes have 

The k i n e t i c s  o f  hyd ro l ys i s  and the 

A number o f  pharma- 

Unfortunately, i n t e r e s t i n g  though these s tud ies  

By contrast  the k i n e t i c s  o f  ox ida t i ve  degradation o f  drugs are o f t e n  

p a r t l y  obscure and i n  many instances q u i t e  complex i n v o l v i n g  both serious and 

side react ions.  The k i n e t i c s  o f  auto-ox idat ion commonly f o l l o w  a chain 

reac t i on  sequence and can o f f e r  a se r ies  o f  q u i t e  d i f f i c u l t  challenges t o  

the i n v e s t i g a t o r .  However, the formulator  faced by the problem o f  prepar ing 

a dosage form w i t h  an acceptable s h e l f  l i f e  w i l l ,  i n  many instances, be able 

t o  s e l e c t  an an t i ox idan t  which w i l l  g ive adequate p ro tec t i on  f o r  drugs de- 

grading by ox ida t i on  whereas f o r  drugs which hydrolyse the range o f  c o n t r o l  

mechanisms may be very much less  ef fect ive.  For example, we s t i l l  have n o t  

been able t o  prepare a s tab le  l i q u i d  a s p i r i n  preparat ion us ing G . R . A . S .  

mate r ia l s  which have been approved f o r  marketing i n  the Uni ted States. 

1.6 Physical Degradation 

The k i n e t i c s  o f  phys ica l  degradation o f  pharmaceutical products has 

been less completely explored than chemical k i n e t i c s .  I n  recent  years, how- 
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1170 RHODES 

ever, many pharmaceut ical  s c i e n t i s t s  have become i n c r e a s i n g l y  aware of, and 

fasc ina ted  by, the importance o f  phys i ca l  s t a b i l i t y  and more researchers 

are now i n v e s t i g a t i n g  the k i n e t i c s  o f  p h y s i c a l  degradat ion.  However, i t  

would be improper n o t  t o  s t a t e  f r a n k l y  t h a t  ou r  knowledge o f  t he  f a c t o r s  con- 

t r o l i n g  many o f  t he  mechanisms o f  phys i ca l  degradat ion i s  s t i l l  dep ress ing l y  

pauce. E a r l i e r  i n  t h i s  chapter  b r i e f  re fe rence  was made t o  t h e  phenomena of 

t a b l e t  aging. Al though severa l  research groups a r e  p r e s e n t l y  i n v e s t i g a t i n g  

t h i s  problem, the  author  i s  unaware o f  any r e l i a b l e  k i n e t i c  model which has 

been demonstrated t o  be v a l i d l y  a p p l i c a b l e  i n  t h i s  area. 

The k i n e t i c s  o f  aggregat ion o f  p a r t i c l e s  i n  a pharmaceut ical  suspension 

has been inves t i ga ted ,  w i t h  some success, by a number o f  research groups and 

the  c o n t r o l  l e d  aggregat ion method o f  f o r m u l a t i o n  of these products  has be- 

come q u i t e  w i d e l y  used. 

developed o r i g i n a l l y  f o r  so -ca l l ed  model c o l l o i d a l  suspension and based on 

the Smoluchoski equat ion which p r e d i c t s  aggregat ion r a t e s .  

Th is  work has e x p l o i t e d  t h e  D.L.V.O. theo ry  (18) 

The o r i g i n a l  equat ions a l lowed a l l  i n t e r p a r t i c u l a t e  c o l l i s i o n s  t o  r e s u l t  

i n  aggregat ion.  

t o  d e f i n e  s low aggregat ion (23,24,25). 

L a t e r  a c o l l i s i o n  e f f i c i e n c y  f a c t o r  was in t roduced  i n  o rde r  

However, even i n  t h i s  drea o f  p h y s i c a l  s t a b i l i t y  ou r  knowledge o f  t h e  

k i n e t i c s  i s  o f t e n  o n l y  semiquan t i t i ve  a t  best .  

d i f f e rences  between the model systems on which t h e  o r i g i n a l  D.L.V.O. theo ry  

was based and the system which we employ i n  pharmacy. 

s ions are r e l a t i v e l y  coarse and heterodisperse,  o f t e n  w i t h  a q u i t e  h igh  s o l i d s  

content ,  and an ex te rna l  phase which i s  mult i -component i n  na tu re  (25) .  

There a re  severa l  s i g n i f i c a n t  

Pharmaceut ical  suspen- 

Even when equat ions have been developed t o  a l l o w  f o r  some o f  these d i f -  

ferences t h e i r  a p p l i c a t i o n  t o  " r e a l "  pharmaceut ical  systems has n o t  always 

been successful. However, progress i s  be ing  made i n  t h i s  area, Zapata and 

co-workers (26) have r e c e n t l y  achieved considerable success i n  a p p l y i n g  D.L.V.0 

theory t o  f reeze-thaw i n s t a b i l i t y  o f  ge l s .  

One aspect o f  phys i ca l  s t a b i l i t y  k i n e t i c s  which m e r i t s  s p e c i a l  a t t e n t i o n  

i s  t h e  e f f e c t  of v a r i a t i o n  o f  g r a v i t a t i o n a l  f o r c e  on sedimentat ion r a t e .  The 

r a t e  o f  sedimentat ion of a d i l u t e  assembly o f  spher i ca l ,  monodisperse u n i t s  i s  
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OVERVIEW OF KINETICS 1171 

governed by Stokes Law. Al though many pharmaceut ical  systems do n o t  comply 

w i t h  a l l  o f  t he  assumptions r e q u i r e d  f o r  f u l l  compliance, agreement between 

the  p r e d i c t e d  and exper imenta l  data i s  sometimes s u r p r i s i n g l y  good. 

some workers e v a l u a t i n g  the  k i n e t i c s  o f  phys i ca l  s t a b i l i t y  o f  emulsions 

at tempted t o  use an increased "g" f o r c e  t e s t  o f  s h o r t  d u r a t i o n  i n  an a t tempt  

t o  p r e d i c t  t he  l o n g  te rm emulsion s t a b i l i t y  a t  normal "g" f o r c e s .  

one can see t h a t  t h i s  type o f  approach i s  analagous t o  acce le ra ted  s t a b i l i t y  

t e s t i n g  based on the  Arrhenius equat ion discussed e a r l i e r .  

author  i s  unaware o f  any t h e o r e t i c a l  r e l a t i o n s h i p  which j u s t i f i e s  t h i s  

method n o r  of  any body o f  r e l i a b l e  q u a n t i t a t i v e  data which would a l l ow ,  on 

an e m p i r i c a l  bas is ,  t h e  use o f  t h i s  method. 

l i t t l e ,  i f  any, va lue i n  t h i s  method. I n  p a r t i c u l a r ,  when h i g h  speed c e n t r i -  

fuges are used t o  generate h i g h  "9" fo rces ,  i t  i s  f e l t  t h a t  we a re  merely 

imposing a c r u e l  and unusual punishment on our  emulsions. 

r a t h e r  l e s s  o b j e c t i o n  t o  "g" f o rces  c l o s e r  t o  normal) .  

p lann ing  on sending ou r  products  i n t o  space by rocket ,  t h e  p r a c t i c a l  va lue  

o f  t h i s  method o f  p r e d i c t i n g  sedimentat ion k i n e t i c s  would seem t o  be d i s -  

t i n c t l y  l i m i t e d .  

However, 

have 

Obvious ly ,  

However, t h e  

Therefore,  t h e r e  appears t o  be 

(There may be 

Unless we a re  

1 .7 Mi c r o b i  a1 Degradat ion 

The e f f e c t  o f  m i  c ro-organi  sms on the  s t a b i  1 i t y  o f  pharmaceut ical  systems 

i s  r e c e i v i n g  more a t t e n t i o n  than p r e v i o u s l y  and indeed c o n s i d e r a t i o n  o f  t h e  

m i c r o b i a l  s t a t u s  o f  pharmaceut ical  products  i s  no l onger  r e s t r i c t e d  t o  p a r e n t e r a l  

and ophthalmic products .  

t a i l e d  cons ide ra t i on  o f  t h i s  t o p i c .  

f a c t o r s  can cause phys i ca l  and chemical s t a b i l i t y  problems. 

F.D.A. Case H i s t o r y  o f  Reca l l s  r e p o r t s  a case o f  an exp lod ing  emulsion. 

cause o f  t h i s  problem was contaminat ion w i t h  a nonpathogenic yeas t .  

It i s  ou ts ide  the  scope o f  t h i s  chap te r  t o  g i v e  de- 

S u f f i c e  i t  t o  say t h a t  m i c r o b i o l o g i c a l  

For example, t he  

The 

The k i n e t i c s  o f  m i c r o b i a l  growth have been w e l l  d e f i n e d  i n  many instances.  

Also, t he  k i n e t i c s  o f  m i c r o b i a l  k i l l  i n  s t e r i l i z a t i o n  processes has been ex- 

p l o r e d  i n  some d e t a i l  p a r t i c u l a r l y  f o r  s t e r i l i z a t i o n  by wet heat.  

a l s o  some good work be ing repo r ted  on the  k i n e t i c  aspects o f  a n t i m i c r o b i a l  

There i s  
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1172 RUODES 

prese rva t i ve  a c t i o n  a l though i t  must be admi t ted t h a t  t h e r e  are s t i l l  many 

quest ions t o  be answered i n  t h i s  area. 

1.8 Summary 

There can be no doubt t h a t  when1 used a p p r o p r i a t e l y  k i n e t i c  methods can be 

powerful t o o l s  i n  de f i n ing  t h e  s t a b i l i t y  o f  pharmaceut ical  systems. A lso ,  

a thorough understanding of t he  k i n e t i c s  o f  a decomposi t ion process can ve ry  

o f t e n  a l l ow  a use fu l  i n s i g h t  i n t o  t h e  s e l e c t i o n  o f  s t r a t e g i e s  which w i l l  r e -  

duce o r  e l i m i n a t e  such problems. 

However, as has been po in ted  o u t  i n  t h i s  chapter  care must be taken n o t  

t o  apply  k i n e t i c  approaches when the  p r e c i s i o n  o f  t h e  i n p u t  data i s  unacceptable 

f o r  the des i red  purposes o r  n o t  w e l l  supported on t h e o r e t i c a l  o r  exper imenta l  

grounds. 

S i g n i f i c a n t  progress i s  be ing made i n  expanding the  use o f  k i n e t i c s  i n  

such areas as p re fo rmu la t i on  (27) and a l though  many o f  t he  systems which 

pharmaceut ical  f o rmu la to rs  deal w i t h  a re  ve ry  complex, and can be s u b j e c t  t o  

bo th  phys i ca l  and chemical degradat ion,  t h e r e  i s  good reason t o  expect  t h a t  

i n  t i m e  k i n e t i c s  w i l l  be of  g r e a t e r  a p p l i c a b i l i t y  f o r  pharmaceut ical  s t a b i l i t y  

s tud ies  (28,29,30).  

The p r a c t i s i n g ,  i n d u s t r i a l ,  pharmaceut ical  s c i e n t i s t  has two reasons f o r  

i n t e r e s t  i n  t h e  a p p l i a a t i o n  of k i n e t i c s  t o  pharmaceut ical  systems. 

s c i e n t i s t ,  she o r  he, i s  concerned w i t h  e x p l o r i n g  t h e  v a l i d i t y  o f  p resen t  o r  

new a p p l i c a t i o n s  o f  k i n e t i c s .  

major o b j e c t i v e  i s  t o  market pharmaceut ical  products ,  t he  a c c e p t a b i l i t y  o r  

non -accep tab i l i t y  o f  k i n e t i c  data by r e g u l a t o r y  agencies i s  a l s o  a m a t t e r  o f  

concern. 

p o i n t  t o  the  same conclus ion.  The dichotomy can become p a r t i c u l a r l y  complex 

f o r  a company developing k i n e t i c  data t o  be submi t ted t o  a number o f  regu la -  

t o r y  agencies. Un fo r tuna te l y ,  d i f f e r e n t  n a t i o n a l  r e g u l a t o r y  agencies have 

p o l i c i e s  concerning k i n e t i c  data which show s i g n i f i c a n t  d i f f e r e n c e s .  

d i f f e r e n t  groups w i t h i n  t h e  same agency sometimes have p o l i c i e s  on k i n e t i c  

data which do n o t  co inc ide .  

As a 

As a member o f  a research team f o r  which a 

It must be admi t ted t h a t  these two cons ide ra t i ons  do n o t  always 

Indeed, 

The p roduc t  s c i e n t i s t  must t h e r e f o r e  make every 
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OVERVIEW OF KINETICS 1173 

e f f o r t  t o  keep up t o  date w i t h  the p o l i c i e s  and procedures o f  agencies w i t h  

which they may have an i n t e r e s t .  

La te r  chapters i n  t h i s  book deal i n  more d e t a i l  w i t h  c e r t a i n  spec ia l i zed  

aspects o f  k i n e t i c s  and w i t h  the views o f  regulators  on the a p p l i c a t i o n  o f  

k i  n e t i  cs . 
K i n e t i c s  c l e a r l y  has a valuable r o l e  i n  our  s tud ies o f  t h e  s t a b i l i t y  o f  

pharmaceutical systems. However, t h i s  d i s c i p l i n e  i s  no t  a un i ve rsa l  panacea 

f o r  s t a b i l i t y  and should no t  be exp lo i t ed  i n  an unknowing, i n v a l i d  manner. 
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