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I .  INTRODUCTION 

Al though t h e  broad t o p i c  o f  s t e r i l e  product  s t a b i l i t y  c o u l d  

encompass a number o f  r a t h e r  s p e c i a l i z e d  cases as w e l l  as t h e  

t r a d i t i o n a l  sma l l  volume p a r e n t e r a l  (SVP) i n j e c t a b l e s ,  t h e  scope 

o f  t h i s  paper w i l l  be l i m i t e d  t o  SVP's i n  ampuls o r  m u l t i d o s e  

v i a l s .  Genera l l y ,  t hese  tend t o  be t h e  more complex case and most 

problems encountered w i t h  o t h e r  s t e r i l e  products ,  i n c l u d i n g  l a r g e  

volume p a r e n t e r a l s  (LVP's),  w i l l  be encompassed i n  a d i s c u s s i o n  o f  

SVP s t a b i l i t y  cons ide ra t i ons .  

addressed i s  t h e  burgeoning a rea  o f  secondary packaging a t  t h e  

p o i n t  o f  use (i.e., r e c o n s t i t u t e d  and f r o z e n  I .V .  a d d i t i v e s ,  

sy r i nges ,  e tc . ) ;  as evidenced by voluminous r e p o r t s  i n  p r o f e s -  

s i o n a l  j o u r n a l s ,  t h i s  i s  a t o p i c  o f  g rea t  i n t e r e s t  t o  t h e  h o s p i t a l  

pharmacy p r a c t i t i o n e r .  However, t h i s  s u b j e c t  tends t o  be t o o  

i n d i v i d u a l i z e d  f o r  adequate t rea tmen t  i n  a l i m i t e d  p r e s e n t a t i o n  

Another s u b j e c t  n o t  s p e c i f i c a l l y  

*Presented i n  p a r t  a t  t h e  U n i v e r s i t y  o f  Wisconsin E x t e n s i o n  
S e r v i c e  Program, "Da t ing  o f  Pharmaceut ica ls  - Update 1982", 
Madison, March 311, 1982. 
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1298 MENDENHALL 

such as t h i s .  Nonetheless,  t hose  engaged i n  such p r a c t i c e s  shou ld  

be aware t h a t  t h e  same s t a b i l i t y  l i a b i l i t i e s  d i scussed  h e r e  a r e  

a l s o  a p p l i c a b l e  t o  these  s h o r t  t e r m  re-packaged dosage forms and 

as such s p e c i a l i z e d  packaging and s to rage  shou ld  be done o n l y  w i t h  

adequate s u p p o r t i n g  s t a b i l i t y  i n f o r m a t i o n ,  u s u a l l y  a v a i l a b l e  f rom 

t h e  manufacturer.  

f rom a f o r m u l a t i o n  p o i n t  o f  view, most o f t e n  s i m p l e  aqueous 

s o l u t i o n s  o f  t h e  drug w i t h  b u f f e r s  and s a l t s  added t o  m a i n t a i n  pH 

and t h e  proper  osmot ic  pressure.  S t a b i l i t y  p r o j e c t i o n s  f o r  such 

s o l u t i o n s  under i d e a l  c o n d i t i o n s  (i.e., s t o r e d  i n  n o n - i n t e r a c t i v e  

con ta ine rs ,  p r o t e c t e d  from l i g h t  and under an i n e r t  atmosphere) 

a r e  u s u a l l y  s t r a i g h t f o r w a r d  once t h e  r e a c t i o n  pathway(s) and 

k i n e t i c s  a r e  known. The reader  may a l ready  be f a m i l i a r  w i t h  such 

t rea tmen ts  which a r e  a l s o  reviewed i n  o t h e r  p r e s e n t a t i o n s  on t h i s  

program. Therefore,  t h e  usua l  s o l u t i o n  decomposi t ion pathways, 

such as s o l v o l y s i s ,  w i l l  not  be covered here; r a t h e r  t h i s  

d i s c u s s i o n  w i l l  focus on i n s t a b i l i t y  mechanisms somewhat unique or  
exaggerated w i t h  p a r e n t e r a l  products .  

Unique packaging, p rocess ing  and performance requi rements f o r  

s t e r i l e  p roduc ts  have i m p o r t a n t  s t a b i l i t y  r a m i f i c a t i o n s .  Econom- 

i c s  and user  convenience o f t e n  d i c t a t e  packaging i n  c o n t a i n e r s  

i n tended  f o r  m u l t i p l e  dosage a d m i n i s t r a t i o n .  Thus, rubber  

c l o s u r e s  a r e  used when m u l t i - d o s e  v i a l s  a r e  p r e f e r r e d  over  s i n y l e -  

dose g lass  arnpuls, exposing t h e  d rug  f o r m u l a t i o n  t o  a complex 

heterogeneous polymer ic  m i x t u r e  which may r a d i c a l l y  a l t e r  i t s  

s t a b i l i t y .  I n  a d d i t i o n ,  sma l l  volume p a r e n t e r a l  packaging o f f e r s  

near  optimum c o n d i t i o n s  f o r  photochemical  and o x i d a t i v e  decomposi- 

t i o n  reac t i ons :  a l a r g e  s u r f a c e  a rea  t o  f o r m u l a t i o n  volume r a t i o  

and an ample headspace. 
i t y  s t a b i l i t y  f o r  p a r e n t e r a l  p roduc ts  i n t r o d u c e s  another  area o f  

s t a b i l i t y  concerns f o r  t h e  f o r m u l a t o r  unique t o  t h i s  dosage 

form. Terminal  s t e r i l i z a t i o n  by a u t o c l a v i n g  may occas iona l  l y  have 

i m p o r t a n t  s t a b i l i t y  r a m i f i c a t i o n s  as w e l l .  F i n a l l y ,  l y o p h i l i z e d  

products  a r e  a somewhat unique subset o f  S V P ' s  which have t h e i r  

I n  general  , p a r e n t e r a l  dosage forms a r e  r e l a t i v e l y  s imp le  

Requirements f o r  p a r t i c u l a t e  and s t e r i l -  
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STABILITY OF PARENTERALS 1299 

own s t a b i l i t y  l i a b i l i t i e s .  It i s  these d i f f e r e n c e s  i n  p a r e n t e r a l  

dosage forms and t h e i r  s t a b i l i t y  i m p l i c a t i o n s  t h a t  w i l l  be 

d iscussed i n  t h i s  paper. 

11. INTERACTION WITH PACKAGING COMPONENTS 

A. S o r p t i o n  o f  Fo rmu la t i on  I n g r e d i e n t s  

forms i n  m u l t i - d o s e  v i a l s  s imu l taneous ly  i n t r o d u c e s  a p o t e n t i a l  

s i n k  f o r  v o l a t i l e ,  l ower  mo lecu la r  we igh t  f o r m u l a t i o n  components 

and a r e s e r v o i r  o f  p o t e n t i a l l y  r e a c t i v e  e x t r a c t a b l e s .  The l o s s  of 

aromat ic  p r e s e r v a t i v e s  t o  t h e  rubber  c l o s u r e s  o f  m u l t i - d o s e  v i a l s  

and sy r inges  i s  w e l l  known. Lachman -- e t  a l l  demonstrated t h a t  bo th  

p-ch lorophenylethanol  and ch lo robu tano l  were r a p i d l y  l o s t  f rom 

s o l u t i o n  when i n  c o n t a c t  w i t h  neoprene s toppers  ( F i g .  1). A 

f a i r l y  t y p i c a l  r a p i d  i n i t i a l  loss q u i c k l y  l e v e l s  o f f  t o  an appar- 

e n t  e q u i l i b r i u m ,  i n d i c a t i v e  o f  a s i m p l e  p a r t i t i o n i n g  mechanism. 

I n t e r e s t i n g l y ,  i n  t h i s  case l o s s  o f  a n t i m i c r o b i a l  a c t i v i t y  d i d  not  

c o r r e l a t e  w e l l  w i t h  chemical  p r e s e r v a t i v e  l o s s  presumably due t o  

t h e  a n t i m i c r o b i  a1 a c t i v i t y  o f  e x t r a c t a b l e s  leached f rom t h e  rubber.  

S i m i l a r  losses have been shown f o r  benzyl  a l coho l  , methylparabens, 

and th imerosa l  t o  va r ious  s topper  composi Considerable 

v a r i a t i o n  between t h e  apparent e q u i l i b r i u m  d i s t r i b u t i o n  o f  v a r i o u s  

p r e s e r v a t i v e s  and rubber  compounds was a l s o  shown (Table 1) 

suggest ing one sc reen ing  approach t o  s e l e c t  an optimum rubber  

f o r m u l a t i o n  f o r  a g i v e n  p r e s e r v a t i v e  system . T e f l o n  coated 

s toppers  have been shown t o  e s s e n t i a l l y  e l i m i n a t e  t h i s  problem , 
a l though  a t  a s u b s t a n t i a l  c o s t  premium; epoxy c o a t i n g s  were, 

however, found t o  be i n e f  f e c t  i ve i n  decreas i  ng p r e s e r v a t i v e  

s o r p t i o n  . 
s i m i l a r  losses. T h i s  has r e c e n t l y  been w i d e l y  demonstrated f o r  

n i t r o g l y c e r i n  (NTG) s o l u t i o n s  i n  con tac t  w i t h  e i t h e r  rubber  o r  

p l a s t i c  packaging  component^^-^*. 
by a more pro longed d i s t r i b u t i o n  phase i s  t y p i c a l l y  seen i n  a l l  o f  

The use of rubber  components i n  c o n t a c t  w i t h  s o l u t i o n  dosage 

2 
5 

6 

V o l a t i l e  a c t i v e  i n g r e d i e n t s  i n  p a r e n t e r a l  f o r m u l a ' s  can show 

A r a p i d  i n i t i a l  l o s s  f o l l o w e d  
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1300 mNDENHALL 

TIME DAYS 

FI t iURE 1 

The percent o f  p-ch loro- / -phenylethy l  a l c o h o l  absorbed by neoprene 
stoppers f rom v i a l  s o l u t i o n s  s t o r e d  u p r i g h t  and i n v e r t e d  a t  60' as 
determined chemica l l y  and m i c r o b i o l o g i c a l l y .  From Lachman e t  a l ,  ---.' J .  Pharm. Sci  52, 241 (1963); reproduced w i t h  p e r m i s s i o n  o f  t h e  
copy r i g h t  owner. 

9 these  s t u d i e s .  M a l i c k  e t  a1 proposed a two p a r t  model based on 
r a p i d  r e v e r s i b l e  a d s o r p t i o n  ( A  t o  B) f o l l owed  by a s lower  absorp- 

t i o n  phase ( B  t o  C )  i n t o  t h e  packaying m a t r i x  f rom a NTG s o l u t i o n  

i n  p l a s t i c  bags (Eq. 1 and 2 ) ;  a good f i t  was shown t o  t h i s  b i -  

A = pe 'kat + (A,, - p) 8 

Eq. 1 

Eq. 2 

exponen t ia l  model (F ig .  2). A s i m i l a r  model i s  probably  a p p l i -  
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STABILITY OF PARENTERALS 1301 

TABLE 1 

Apparent d i s t r i b u t i o n  c o e f f i c i e n t  ( K T )  of v a r i o u s  p r e s e r v a t i v e s  
between d i f f e r e n t  rubbers and a pH 4.0 b u f f e r  s o l u t i o n  a f t e r  4 
weeks a t  t h e  i n d i c a t e d  temperatures;  t h e  d i s t r i b u t i o n  c o e f f i c i e n t s  
repo r ted  were determined by d i  v i d i n y  t h e  c o n c e n t r a t i o n  o f  t h e  
p r e s e r v a t i v e  rema in ing  i n  t h e  b u f f e r  (C,) i n t o  t h e  c o n c e n t r a t i o n  
c a l c u l a t e d  t o  be i n  t h e  rubber  (CR). Data from Lachman -- e t  a l ,  J. 
-., Pharm. Sc i  - 52, 244 (1963). 

PRESERVATIVE 

PHENYLETHYL ALCOHOL 

p-CH LO RO-fl-PH EN Y L- 
ETHYL ALCOHOL 

CHLOROBUTANOL 

BENZYL ALCOHOL 

METHYLPARABEN 

RUBBER 
CLOSURE 

NATURAL 
NEOPRENE 

NATURAL 
NEOPRENE 

NATURAL 
NEOPRENE 

NATURAL 
NEOPRENE 

BUTYL 

NATURAL 
NEOPRENE 

BUTYL 

25 O 

1.72 
4.23 

6.05 
16.40 
9.05 
14.50 

0.63 
1.66 

- 

- 
1.36 
7.27 - 

KT = CdCB 

40 O 

1.39 
4.13 

5.70 
21.80 
6.83 
14.50 

0.63 
1.93 

- 

- 
1.43 
8.40 
- 

cab le  t o  p r e s e r v a t i v e  and d rug  loss t o  rubber  c l o s u r e s  a l though,  

dependi ny on t h e  drugs and packagi ng components i nvo l  ved, adsorp- 

t i o n  may be a l t e r n a t i v e l y  i n s i g n i f i c a n t  o r  very  r a p i d  compared 

w i t h  t h e  a b s o r p t i o n  phase and t h u s  t h e  model o f t e n  c o l l a p s e s  t o  a 

f i r s t  o r d e r  loss process. However, e q u i l i b r i u m  w i t h  t h e  packaging 

"phase" may n o t  be p r a c t i c a l l y  reached over  t h e  s h e l f  l i f e  o f  t h e  

product .  Fo r  example, shown i n  F ig .  3 i s  some d a t a  f rom our l abs  

on t h e  l o s s  o f  benzyl  a l coho l  over t i m e  t o  a b u t y l  rubber  c l o s u r e  

which appears t o  con t inue  w e l l  beyond t h e  two y e a r  s h e l f  l i f e  o f  

t h e  product.  Whi le  loss o f  drugs t o  pr imary packaging components 

i s  apparen t l y  r e l a t i v e l y  uncommon, diazepam, v i t a m i n  A, sodium 

w a r f a r i n ,  sodium methohex i ta l  , carmust ine,  and b leomycin have a l s o  

been shown t o  be absorbed t o  a s i g n i f i c a n t  degree by v a r i o u s  
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1302 MENDENHALL 

0 20 40 60 80 100 120 
HOURS 

FIGURE 2 

The amount o f  n i t r o g l y c e r i n  rema in ing  i n  a 100-ml aqueous s o l u t i o n  
conta ined i n  a p l a s t i c  bag as a f u n c t i o n  o f  t i m e  a f t e r  a d d i t i o n  o f  
t h e  drug. The c i r c l e s  a re  exper imenta l  p o i n t s  and t h e  s o l i d  l i n e  
i s  t h e  p r e d i c t e d  curve acco rd ing  t o  Eq. 2. 
-.' Pharm. Sc i  - 70, 798 (1981);  reproduced w i t h  permiss ion o f  t h e  
c o p y r i g h t  owner. 

From M a l i c k  e t  a l ,  J. 

p l a s t i c  I V  bays and a d m i n i s t r a t i o n  s e t s  11-14 undersco r ing  t h i s  as 

a p o t e n t i a l  s t a b i l i t y  l o s s  pathway i n  i n a p p r o p r i a t e l y  s e l e c t e d  

pac kagi ny systems. 

From t h e  f o r m u l a t o r ' s  p o i n t  o f  view, i d e n t i f y i n g  p o t e n t i a l  

f o r m u l a t i o n  o r  packaging i n c o m p a t i b i l i t i e s  e a r l y  on i n  t h e  

devel opment program i s c r i t i c a l  t o  m in im ize  t h e  e x p e n d i t u r e  o f  

research resources and t o  sho r ten  t h e  t i m e t a b l e  f o r  i n t r o d u c t i o n  

o f  impor tan t  t h e r a p e u t i c  agents. Thus much e f f o r t  has been 

expended i n  deve lop ing  p r e d i c t i v e  s t a b i l i t y  techniques.  

Fig.  4 i s  a f i r s t  o r d e r  p l o t  of some d a t a  on t h e  l o s s  o f  benzy l  

a l coho l  f rom an aqueous f o r m u l a t i o n  i n  c o n t a c t  w i t h  a b u t y l  rubber  

c l o s u r e  a t  severa l  temperatures;  i n  t h i s  case, t h e  a d s o r p t i o n  

phase, i n d i c a t e d  by t h e  non-100% i n t e r c e p t ,  i s  very f a s t  compared 

Shown i n  
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STABILITY OF PARENTERALS 1303 

0 0 

I 1 I I 
12 24 36 48 

TIME (MONTHS) 

FIGURE 3 

Los of benzy l  a l c o h o l  from a 1.21% aqueous f o r m u l a t i o n  t o  
b u t y l  r u b b e r  c losu res  o v e r  t ime  a t  30°C; exper imen ta l  d a t a  
f r o m  t h r e e  d i f f e r e n t  l o t s  (symbols) i s  shown a long  w i t h  an 
approximate curve o f  t h e  average l e v e l s .  

t o  t h e  pro1 onged , apparent  non-equi 1 i h r i u m  a b s o r p t i o n  phase. 
9 B a s i c a l l y ,  t h i s  f o l l o w s  t h e  same model proposed by M a l i c k  e t  a1 . 

Rate cons tan ts  d e r i v e d  from t h i s  s i m p l i s t i c  a n a l y s i s  can t h e n  be 

p l o t t e d  i n  an A r rhen ius  f a s h i o n  t o  p r o j e c t  t h e  p r e s e r v a t i v e  con- 

t e n t  a t  3 y e a r s  (F ig .  5). 

method a r e  crude, t h e  p r e d i c t i o n  was found t o  be i n  reasonable 

agreement w i t h  t h e  ac tua l  l o s s  found a t  30'. Al though o n l y  modest 

losses o f  a c t i v e  i n g r e d i e n t s  a r e  g e n e r a l l y  t o l e r a b l e  ( u s u a l l y  no 

more t h a n  - lo%) ,  s u f f i c i e n t  excesses of p r e s e r v a t i v e s  can u s u a l l y  

Whi le t h e  f i t  o f  t h e  d a t a  and t h e  
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1304 MENDENHALL 

\ \ 

T ( "C) r 

0 30 0.9895 

0 40 0.9621 

I I A 50 0.9662 

TIME (MONTHS) 

F I G U R E  4 

F i r s t  o r d e r  p l o t s  o f  benzyl  a l coho l  l o s s  t o  b u t y l  rubber  c l o s u r e s  
a t  3U0, 40' and 50' from a 1.21% aqueous f o r m u l a t i o n ;  each d a t a  
p o i n t  i s  t h e  average o f  t h r e e  l o t s  and t h e  l i n e s  rep resen t  t h e  
bes t  f i t  l i n e a r  r e y r e s s i o n  curve w i t h  t h e  i n d i c a t e d  c o r r e l a t i o n  
c o e f f i c i e n t s  ( r ) .  D
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STABILITY OF PARENTERALS 1305 

IIT x lo3 ( O K )  

FIGURE 5 

A r rhen ius  p l o t  o f  benzyl a l coho l  l o s s  r a t e  da ta  f rom 

be s a f e l y  i n c l u d e d  i n  t h e  formula t o  assure a reasonable 

F ig.  4. 

she1 f 

l i f e  i n  s p i t e  o f  such f a c i l e  l o s s  pathways. I n  t h i s  case, s t u d i e s  

o f  p r e s e v a t i v e  e f f i c a c y  as a f u n c t i o n  o f  benzyl  a l coho l  c o n t e n t  

i n d i c a t e d  l e v e l s  as low as 40% o f  i n i t i a l  were s a t i s f a c t o r y .  Thus 

from a p r e s e r v a t i v e  p o i n t  o f  v iew t h i s  f o r m u l a t i o n  would be 

acceptable f o r  a t  l e a s t  3 years.  

t h e  worst  case i n v e r t e d  p o s i t i o n  t o  a l l o w  f o r  maximum i n t i m a t e  

con tac t  o f  t h e  s o l u t i o n  w i t h  t h e  s topper .  However, i n  t h e  unusual 

case where s u i t a b l e  non-absorbi  ng packayi  ng components cannot be 

i d e n t i f i e d ,  s p e c i a l  l a b e l i n g  r e q u i r i n g  u p r i g h t  s t o r a g e  may a l l o w  

use o f  components which would o the rw ise  n o t  be accep tab le  i f  

d i f f u s i o n  o f  t h e  l a b i l e  cmponen t  through t h e  headspace i s  

l i m i t i  ny. 

water p a r t i t i o n  c o e f f i c i e n t  o f  va r ious  drugs i s  a reasonably  

Such s t u d i e s  should g e n e r a l l y  be c a r r i e d  out  w i t h  v i a l s  i n  

I1  lum and Bundgaard r e c e n t l y  demonstrated t h a t  t h e  hexane- 
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1306 MENDENHALL 

accurate p r e d i c t o r  o f  t h e i r  s o r p t i o n  ( a t  e q u i l i b r i u m )  by PVC I V  

bags15. 

w i t h  an e a r l y  i n d i c t a t i o n  o f  s o r p t i o n  p o t e n t i a l  , a l though  t h e  r a t e  

and t h u s  s t a b i l i t y  r i s k  would s t i l l  have t o  be determined 

exper imen ta l l y .  A more q u a n t i t a t i v e  model t o  determine t h e  r a t e  

o f  abso rp t i on  o f  v o l a t i l e  s o l u t i o n  components i n  c o n t a c t  w i t h  

rubber  c losu res  was proposed by Anderson and Motz i16;  an adapted 

d i f f u s i o n  c e l l  was used t o  determine t h e  s teady s t a t e  f l u x  o f  

methylparabens through t h i n  f i l m s  o f  s i l i c o n e  and a cand ida te  

n a t u r a l  rubber  compound. From t h i s  d a t a  t h e  cumniulative preserva-  

t i v e  loss as a f u n c t i o n  o f  t i m e  was es t ima ted  f o r  t h e  a c t u a l  

c losu res  and found t o  be i n  moderate agreement w i t h  e x p e r i m e n t a l l y  

measured a b s o r p t i o n  by c l o s u r e s  immersed i n  a 0.2% methylparabens 

s o l u t i o n .  

Such methods may p rov ide  t h e  f o r m u l a t o r  o r  pharmacis t  

B. E x t r a c t i o n  o f  Contaminants f rom Packaging M a t e r i a l s  

Another p o t e n t i a l  s t a b i l i t y  l i a b i l i t y  o f  p a r e n t e r a l  packaging 

components, p a r t i c u l a r l y  rubber  c l o s u r e s ,  i s  t h e  gradual  e x t r a c -  

t i o n  o f  contaminants f rom t h e  package components i n t o  t h e  

fo rmu la t i on .  These can adverse ly  a f f e c t  t h e  chemical o r  p h y s i c a l  

s t a b i l i t y  o f  t h e  f o r m u l a t i o n ,  i t s  appearance, o r  a c c e p t a b i l i t y  

f rom a s a f e t y  p o i n t  o f  view. The w i d e l y  r e p o r t e d  e x t r a c t i o n  o f  

p h t h a l a t e  p l a s t i c i z e r s  f rom p l a s t i c  I . V .  bags 17,18 i s  an i s s u e  of 

c o n t i  nui  ng concern t o  i n d u s t r y  and government agencies a1 i ke. 

Aqueous s o l u t i o n s  i n  con tac t  w i t h  niany rubber  f o r m u l a t i o n s  used t o  

manufacture c l o s u r e s  have l i k e w i s e  been shown t o  leach s i g n i f i c a n t  

q u a n t i t i e s  o f  c a t a l y s t s  and acce le ra to rs .  These a r e  most commonly 

meta l  s a l t s ,  s t e a r a t e s  and mercaptobenzoth iazoles.  The former 

would be o f  obvious concern when d e a l i n g  w i t h  f o r m u l a t i o n  i n g r e -  

d i e n t s  s u b j e c t  t o  o x i d a t i v e  decomposi t ions,  r e a c t i o n s  which a r e  

o f t e n  ca ta l ysed  by heavy metals.  An example o f  t h i s  was r e c e n t l y  

r e p o r t e d  l9 f o r  a l i d o c a i n e  w i t h  ep inephr ine  f o r m u l a t i o n  i n  which 

decomposi t ion o f  t h e  ep inephr ine  was shown t o  be c a t a l y s e d  by 

aluminum a t  l e v e l s  which were r e a d i l y  e x t r a c t a b l e  f rom c h l o r o b u t y l  

c losu res  . I n c l u s i o n  o f  EUTA i n  t h e  formula may m in im ize  t h e  

r i s k  o f  adverse e f f e c t s  o f  such metal  c a t a l y s i s .  

20 
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STABILITY OF PARENTERALS 1307 

Mercaptobenzoth iazole can l i k e w i s e  p a r t i c i p a t e  i n  o x i d a t i o n -  

r e d u c t i o n  r e a c t i o n s  t o  reduce f o r m u l a t i o n  potency o r  produce 

u n d e s i r a b l e  deg rada t ion  products .  For  example, an apparent 

e t  hy 1 ene o x i  de addi t i on p roduc t  w i t h  me r cap t o  benzoth i azo 1 e 

(Scheme 1) o f  unknown t o x i c i t y  was r e c e n t l y  i s o l a t e d  f rom a 

d i sposab le  s y r i  nge21; t h e  source o f  t h i s  compound was a t t r i b u t e d  

t o  a c c e l e r a n t  f rom t h e  rubber  p lunger  f a c e  which reac ted  w i t h  t h e  

e t h y l e n e  ox ide  used t o  s t e r i l i z e  t h e  empty sy r inge .  I n  a d d i t i o n  

t o  t h e i r  chemical r e a c t i v i t y  t h e  l i m i t e d  s o l u b i l i t y  o f  t h e s e  

t h i a z o l e  a c c e l e r a n t s  may c o n t r i b u t e  t o  haze o r  p a r t i c u l a t e  prob- 

lems over t ime,  p a r t i c u l a r l y  i f  ano the r  f o r m u l a t i o n  component 

(e.g., a p r e s e r v a t i v e ) ,  which a c t s  t o  h e l p  s o l u b i l i z e  t h e  t h i a -  

zo le ,  i s  g r a d u a l l y  sorbed by t h e  rubber  c l o s u r e  t h u s  e v e n t u a l l y  

l e a v i n g  t h e  f o r m u l a t i o n  supersa tu ra ted  w i t h  respec t  t o  t h e  

t h i a z o l e .  As w i l l  be d iscussed l a t e r ,  e x t r a c t i o n  o f  t r a c e  

components f rom g l a s s  may a l s o  occasional  l y  c o n t r i b u t e  t o  

i n s t a b i l i t y .  

A v i s  and B o y e t t  22923 have shown t h a t  l e a c h i n g  o f  rubber  

components from c losu res  o f t e n  fo l l ows  a square r o o t  o f  t i m e  

dependency, sugges t ing  t h i s  i s  a d i f f u s i o n  r a t e  l i m i t e d  m i g r a t i o n  

process o f  e x t r a c t a b l e s  t h r u  t h e  rubber  (F ig .  6 ) .  

-- e t  a1 found t h a t  d a t a  f o r  aluminum e x t r a c t i o n  f rom c h l o r o b u t y l  

c l o s u r e s  f i t  a "deso rp t i on "  model e q u a l l y  wel l * " ;  m i g r a t i o n  of 

wa te r  i n t o  t h e  c l o s u r e  t o  d i s s o l v e  t h e  e x t r a c t a b l e  aluminum s a l t s  

was p o s t u l a t e d  as t h e  r a t e  l i m i t i n g  s t e p  r a t h e r  t h a n  m i g r a t i o n  o f  

t h e  li pophobic i n o r g a n i c  s a l t  i t s e l f  through t h e  rubber  m a t r i x .  

Var ious rubber  p r e p a r a t i o n  techn iques  (e.g. , EDTA o r  s o l v e n t  

t r e a t m e n t )  have met w i t h  o n l y  l i m i t e d  success i n  removing con- 

t ami na n t  s 2 3 9 2 4 ;  t hus ,  t h e  f o r m u l a t o r ' s  o n l y  p r o t e c t i o n  f rom 

r e l a t e d  l ong  t e r m  s t a b i l i t y  problems i s  j u d i c i o u s  s e l e c t i o n  o f  t h e  

However, M i l a n o  

0 
/ \  

SH S - CH,CH,OH 
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STABILITY OF PARENTERALS 1309 

rubber  f o r m u l a t i o n  ( u s u a l l y  i n  c o n s u l t a t i o n  w i t h  t h e  rubber  

vendor)  combined w i t h  a c c e l e r a t e d  e x t r a c t i o n  and c o m p a t i b i l i t y  

t e s t s  w i t h  t h e  f o r m u l a t i o n  o f  i n t e r e s t .  B o y e t t  and Av isZ3  showed 

t h a t  A r rhen ius - t ype  p r e d i c t i o n s  f rom h i g h  tempera tu re  a c c e l e r a t e d  

e x t r a c t i o n  s t u d i e s  may sometimes be u s e f u l  (F ig .  7 ) ,  b u t  cannot be 

a p p l i e d  t o  a l l  r ubber  formulas not  a l l  o f  which f o l l o w e d  such 

simp1 i s t i c  models. A l t e r n a t i v e l y ,  epoxy coated and t e f l o n  coa ted  

s toppers  have been shown t o  decrease e x t r a c t a b l e s  d r a m a t i c a l  l y  so 
l ong  as they  have n o t  been punc tu red  f requen t l y5s6 ;  however, t h e  

c o s t  premium f o r  these a r t i c l e s  makes them u n a t t r a c t i v e  except  as 

a l a s t  r e s o r t .  Wi th  t h e  use o f  non-aqueous s o l v e n t s  and/or  

aqueous c o s o l v e n t  m ix tu res ,  t h e  q u a l i t a t i v e  and q u a n t i t a t i v e  com- 

p o s i t i o n  o f  e x t r a c t a b l e s  can be expected t o  change s i g n i f i c a n t l y .  

I I I .  STERI LITY 

Maintenance o f  s t e r i l i t y  i t s e l f  over  t h e  s h e l f - l i f e  o f  t h e  

product  i s  o f  obv ious c r i t i c a l  impor tance r e q u i r i n g  assurance o f  

con t i nued  c l o s u r e  sea l  i n t e g r i t y .  Methodology t o  accompl ish t h i s  

i s  c u r r e n t l y  b e i n g  debated by r e g u l a t o r y  and i n d u s t r y  groups. FDA 

r e p r e s e n t a t i v e s  have r e c e n t l y  argued f o r  p e r i o d i c  compendi a1 

s t e r i l i t y  t e s t i n g  as p a r t  o f  t h e  formal s t a b i l i t y  programz5. 

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

by a v a r i e t y  o f  methods ( i n c l u d i n g  leak,  dye immersion, p r e s s u r e  

hold,  vacuum and m i c r o b i a l  b r o t h  immersion t e s t s )  i s  more mean- 

i n g f u l  s ince,  f o r  an even modest ly  e f f e c t i v e  c l o s u r e  system, a 

s t e r i l i t y  t e s t i n g  f a i l u r e  r e q u i r e s  t h e  i n t e r s e c t i o n  o f  two r e l a -  

t i v e l y  l ow  p r o b a b i l i t y  events :  a f i s s u r e  o r  opening i n  t h e  

c l o s u r e  seal  and e n t r y  o f  a micro-organism th rough  t h e  d e f e c t i v e  

sea l .  Thus p h y s i c a l  t e s t i n g  w i l l  be a more r i g o r o u s  and accu ra te  

p r e d i c t o r  o f  o v e r a l l  c l o s u r e  performance as w e l l  as l e s s  demanding 

on t e s t i n g  resources. The P a r e n t e r a l  Drug A s s o c i a t i o n  has 

announced a b u l l e t i n  d e s c r i b i n g  methodology t o  assure c o n t a i n e r -  

c l o s u r e  i n t e g r i t y  w i l l  be pub l i shed  s h o r t l y .  
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1310 MENDENHALL 

I V  . PHOTOCHEMICAL/OX IDATIVE DECOMPOSITIONS 

Another  packaging r e l a t e d  s t a b i l i t y  l i a b i l i t y ,  somewhat exaggera- 

t e d  w i t h  p a r e n t e r a l  p roduc ts  ( p a r t i c u l a r l y  SVP's) a r e  photo-  

chemical and o x i d a t i v e  d e c m p o s i  t i o n  reac t i ons .  These two 

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

d i scuss ion .  Bo th  a r e  u s u a l l y  f r e e  r a d i c a l  mediated and t h u s  one 

pathway i s  n o t  e a s i l y  d i s t i n g u i s h a b l e  f rom t h e  other .  However, i t  

shou ld  be kept i n  mind t h a t  photochemical  r e a c t i o n s  can occur  i n  

t h e  absence o f  oxygen ( o r  o t h e r  independent e l e c t r o n  donnor o r  

accep to r )  and, o b v i o u s l y ,  o x i d a t i v e  r e a c t i o n s  can occur i n  t h e  

absence o f  t h e  c a t a l y t i c  e f f e c t  o f  l i g h t .  

found w i t h  S V P ' s  (as f o r  example ampuls) assures maximum l i g h t  

impingement on t h e  r e l a t i v e l y  d i l u t e  d rug  s o l u t i o n  and a s h o r t  

pa th  length.  Furthermore, headspace gas t o  f o r m u l a t i o n  volume 

r a t i o s  tend t o  be much h i g h e r  w i t h  SVP 's ,  o f f e r i n g  an ample 

r e s e r v o i r  o f  mo lecu la r  oxyyen i n  non-purged packages. Such 

decomposi t ions should always be y i v e n  c a r e f u l  a t t e n t i o n  i n  t h e  

development o f  p a r e n t e r a l  products  s i n c e  t h e y  may produce can- 

p l i c a t e d  s t r u c t u r e s ,  f a r  removed froin t h e  p a r e n t  compound. The 

p roduc t i on  o f  even t r a c e  amounts o f  unusual chemical e n t i t i e s  

(i.e., t hose  which would not  no rma l l y  be produced by h y d r o l y t i c  o r  

me tabo l i c  deg rada t ion  r o u t e s  and t h u s  screened i n  s a f e t y  s t u d i e s  

whether or not  they a r e  s p e c i f i c a l  l y  recoynized,  i d e n t i f i e d  and/or  

q u a n t i t a t e d )  i s  cause f o r  s e r i o u s  concern. Sc reen ing  programs 

s hou 1 d t h e  r e f o r e  t h o  rough ly  i n v e s t i  ga te  p o t e n t i  a1 o x i d a t i v e  decm-  

p o s i t i o n  pathways even i f  s u b s t a n t i a l  l osses  (e.g.,>5%) a r e  n o t  

p r o j e c t e d  ove r  t h e  i n tended  s h e l f  l i f e  under normal s to rage  

c o n d i t i o n s .  

I do not  i n t e n d  t o  at tempt  t o  rev iew t h e  mechanisms o f  these 

types o f  f r e e  r a d i c a l  decomposi t ion pathways i n  t h e  l i m i t e d  space 

a v a i l a b l e ;  t h i s  r e a l l y  c o u l d  be t h e  s u b j e c t  o f  a separate 

d i s c u s s i o n  by i t s e l f .  Rather  I would l i k e  t o  focus on t h e  v a r i o u s  

approaches t o  d e f i n i n g  a t  an e a r l y  s tage t h e  s t a b i l i t y  r i s k s  v i a  

The r e l a t i v e l y  l a r y e  s u r f a c e  a rea  t o  f o r m u l a t i o n  volume r a t i o  
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STABILITY OF PARENTERALS 1311 

t h e s e  r o u t e s  and t h e  s t r a t e g i e s  a v a i l a b l e  t o  extend t h e  p roduc t  

s h e l f  l i f e  by p r e v e n t i n g  o r  i n h i b i t i n g  these r e a c t i o n s .  
Once t h e  f o r m u l a t o r  has been a l e r t e d  t o  t h e  p o t e n t i a l  o f  a 

g i v e n  molecule f o r  o x i d a t i v e  o r  photochemical  s t a b i l i t y  problems 

v ia ,  f o r  example, a 2 by 2 f a c t o r i a l  s t r e s s  t e s t  (F ig .  8 )  i n  t h e  

p r e f o r m u l a t i o n  work-up, t h e  next t a s k  i s  t o  q u i c k l y  e s t i m a t e  
whether t h e  i d e n t i f i e d  decomposi t ion r o u t e  i s  s i g n i f i c a n t  w i t h  

respect  t o  t h e  d e s i r e d  s h e l f - l i f e .  S t r e s s  t e s t i n g  i n  a 

p r e d i c t a b l e  manner such t h a t  decomposi t ion r a t e s  and s h e l f  l i v e s  

can be es t ima ted  i n  a s h o r t  p e r i o d  of t i m e  i s  t h e  next  r a t i o n a l  

step. However, f o r  a t r u e  c h a i n  r e a c t i o n  w i t h  an e f f i c i e n t  

p ropaga t ion  s tep  ( r e l a t i v e  t o  t e r m i n a t i o n  pathways) , s t r e s s  

t e s t i n g  i s  n o t  ve ry  meaningfu l  f o r  s t a b i l i t y  p r o j e c t i o n s .  As 
i l l u s t r a t e d  i n  F ig .  9, depending on t h e  n a t u r e  and i n t e n s i t y  o f  

t h e  a p p l i e d  s t r e s s ,  t h e  normal o rde r ,  r a t e  d e t e r m i n i n g  s t e p  and 

p o s s i b l y  p r imary  decomposi t o n  p a t b a y  may change. Thus, u n l e s s  

t h e  o f t e n  e l a b o r a t e  k i n e t i c  mechanisms i n v o l v e d  have been f u l l y  

e l u c i d a t e d  ( a n  e f f o r t  usual  l y  f a r  beyond t h e  e a r l y  p r e f o r m u l a t i o n  

i n v e s t i g a t i o n ) ,  s t r e s s  t e s t i n g  o f  e f f i c i e n t l y  propagated f r e e  

r a d i c a l  o r  o x i d a t i v e  cha in  r e a c t i o n s  a r e  r e a l l y  o n l y  u s e f u l  f o r  

r e l a t i v e  q u a l i t a t i v e  comparisons o f  a l t e r n a t i v e  f o r m u l a t i o n s  and 

t h e  e f f i c a c y  o f  s t a b i l i z i n g  agents (e.g., a n t i o x i d a n t s ,  c h e l a t i n g  

agents),  and then  o n l y  wi th a great  deal o f  caut ion.  
t empt ing  t o  t r y  t o  u t i l i z e  thermal  s t r e s s  a lone  t o  f a c i l i t a t e  such 

p r e d i c t i o n s ,  r a t i o n a l i z i  ny t h a t  l o w e r i n g  t h e  energy o f  a c t i v a t i o n  

It may be 

PROTECTED 
FROM LIGHT IRRADIATED 

0, PURGED 

N, PURGED 

FIGURE H 

2 x 2 f a c t o r i a l  m a t r i x  f o r  d e t e r m i n a t i o n  o f  o x i d a t i v e  
p hot0 ch emi c a1 dec ompos i t i on s e ns i t i v i ty  o f  pa r e  n t  e r a  1 

and/or 
s o l  u t  i ons. 
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81 
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TIME 

F I G U R E  9 

M E N D E N W L  

H y p o t h e t i c a l  decomposi t ion p r o f i l e s  f o r  a s o l u t i o n  s u b j e c t  t o  f r e e  
r a d i c a l  cha in  r e a c t i o n  under va r ious  s t r e s s  c o n d i t i o n s .  
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STABILITY OF PARENTERALS 1313 

w i l l  n o t  e f f e c t  t h e  q u a l i t a t i v e  course o f  t h e  r e a c t i o n ,  o n l y  i t s  

ra te .  However, l i m i t e d  i n v e s t i g a t i o n s  o f  t h i s  premise have n o t  

suppor ted t h i s  s i m p l i s t i c  assumption. For  example, t h e  unre- 

l i a b i l i t y  o f  u s i n g  the rma l  s t r e s s  as a p r e d i c t o r  o f  room 

temperature s t a b i l i t y  performance w i t h  respect  t o  o x i d a t i o n  

r e a c t i o n s  was r e c e n t l y  i l l u s t r a t e d  f o r  ep inephry l  b o r a t e  so 
c o n t a i n i n g  d i f f e r e n t  a n t i o x i d a n t s  . 

For  q u a n t i t a t i v e  p r e d i c t i o n  o f  o x i d a t i v e  r e a c t i o n s  whi 

26 
u t  i o n s  

h a r e  

not  r e a d i l y  propagated ( i  .e., e f f e c t i v e l y  every r a d i c a l  produced 

i s  " t e r m i n a l l y "  consumed when i t  r e a c t s  w i t h  t h e  drug),  a t  l e a s t  

two s t r e s s  parameters appear r e l e v a n t  and p r a c t i c a l  : oxygen 

t e n s i o n  and i r r a d i a t i o n .  

A. Oxygen S t r e s s  T e s t i n g  

p a r t i a l  pressure i n  t h e  headspace gas and s o l u t i o n  tempera tu re  a 

broad range o f  oxygen c o n c e n t r a t i o n s  (we1 1 above ambient l e v e l s )  

i s  ach ievab le  i n  aqueous fo rmu la t i ons .  I f  t h e n  t h e  decomposi t ion 

r e a c t i o n  be ing  s t u d i e d  i n v o l v e s  r e a c t i o n  o f  a f i x e d  number o f  

molecules o f  oxygen w i t h  a molecule o f  drug, 2nd o r d e r  ( o r  pseudo- 

f i r s t  o r d e r )  k i n e t i c  t rea tmen t  of s t a b i l i t y  da ta  a t  a known h i g h  

oxygen c o n c e n t r a t i o n  shou ld  y i e l d  a r a t e  cons tan t  which can be 

used t o  a c c u r a t e l y  p r e d i c t  ambient s h e l f  l i v e s . *  U n f o r t u n a t e l y ,  
t h e  l i m i t e d  number o f  pub l i shed  r e p o r t s  on o x i d a t i v e  decomposi t ion 

i n  which s o l u t i o n  oxygen con ten t  i s  v a r i e d  e i t h e r  do n o t  address 

t h e  q u a n t i t a t i v e  p o t e n t i a l  o f  t h i s  approach o r  deal  w i t h  r e a c t i o n s  

which a r e  apparen t l y  t o o  complex f o r  such t reatments.  F o r  example 

Sokolosk i  and H i g u c h i ' s  s tudy o f  e p i n e p h r i n e  decomposi t ion i n  

s o l u t i o n 2 7  i n d i c a t e d  a complex mechanism i n  which t h e  o r d e r  w i t h  

respect  t o  b o t h  ep inephr ine  and oxygen changed as a f u n c t i o n  o f  

t h e  c o n c e n t r a t i o n  o f  t h e  reac tan ts .  The l e s s  t h a n  u n i t y  o r d e r  

w i t h  h i g h e r  c o n c e n t r a t i o n s  o f  b o t h  r e a c t a n t s  and t h e  c a t a l y s i s  

As  i l l u s t r a t e d  i n  Table 2, by m a n i p u l a t i o n  o f  t h e  oxygen 

*Obviously,  r e a c t i o n s  c a r r i e d  ou t  a t  l ower  temperatures t o  t a k e  
advantage o f  i nc reased  oxygen s o l u b i l t i y  w i l l  have t o  be c o r r e c t e d  
f o r  thermal  e f f e c t s  on r e a c t i o n  ra tes .  
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1314 MENDENHALL 

TABLE 2 

Oxygen s o l u b i l i t y  i n wa te r  under v a r i o u s  temperatures and 
pressures.  
Meta l  Organic Compounds", 3 r d  and 4 t h  e d i t i o n s .  

Data f rom S e i d e l l ' s  " S o l u b i l i t i e s  o f  I n o r g a n i c  and 

T ("C) 
0 
5 

10 
15 
20 
25 
30 
35 
38 
40 
50 
60 
70 
80 
90 
93 

100 

cc 0, (S.T.P.) PER 100 g in Equil. with 

at 1 ATM.' at 1 ATM.' at 6.67 ATM. at 20 ATM. 
0.99 4.87 - - 
0.87 4.25 - - 
0.76 3.76 - - 
0.72 3.36 - - 
0.62 3.04 - - 
0.57 2.75 - - 
0.53 2.51 - - 
0.49 

Al R 0, 0, 0 2  

- - - 
- - 16.0 33.0 - 2.16 - - 
- 1.86 - - 
- 1.59 - - 
- 1.30 - - - 0.97 - - - 0.55 - - 
- - 10.0 23.0 
- 0.00 - - 

'Partial pressure of gas plus vapor pressure of water 

observed w i t h  copper i n  t h i s  s tudy were bo th  sugges t i ve  o f  a f r e e  

r a d i c a l  chain r e a c t i o n  mechanism even though no l a g  phase t y p i c a l  

o f  such r e a c t i o n s  was seen. A recen t  r e p o r t  on decomposi t ion o f  

morphine i n  f o r m u l a t i o n s  up t o  43 yea rs  o l d  showed a dramat ic ,  

though n o n - q u a n t i t a t i v e ,  c o r r e l a t i o n  o f  headspace gas (and t h u s  

t o t a l  a v a i l a b l e  d i s s o l v e d  oxygen) w i t h  e x t e n t  o f  d e g r a d a t i o n  f o r  

seve ra l  p a r e n t e r a l  dosage forms 28. 

ev idence i s  l a c k i n g ,  such an approach appears worthy o f  f u r t h e r  

i nvest i g a t  i o n  f o r  q u a n t i t a t i v e  s t a b i  1 ty  p r e d i c t i o n s  f o r  s i m p l e r  

mechan is t i c  systems. 

B. P h o t o - I r r a d i a t i o n  S t ress  T e s t i n g  

used, i s  u s u a l l y  i n t e r p r e t e d  so ley f rom a q u a l i t a t i v e  s tandpoi  n t ,  

Thus, a l t hough  d e f i n i t i v e  

I r r a d i a t i o n  s t r e s s  t e s t i n g ,  w h i l e  apparen t l y  much more w i d e l y  
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STABILITY OF PARENTERALS 1315 

a l though  e m p i r i c a l  es t ima tes  o f  " e q u i v a l e n t  normal l i g h t i n g "  a r e  

f r e q u e n t l y  used. The Cooper-Lachman 1 i g h t  cab ine t  , o r i g i n a l l y  

desc r ibed  i n  t h e  e a r l y  6O'sz9, remains t h e  i n d u s t r y  standard.  

A l though t h i s  c a b i n e t  has t h e  p o t e n t i a l  o f  g i v i n g  v a r i a b l e  l i g h t  

i n t e n s i t i e s ,  e i t h e r  by adjustment o f  t h e  sample d i s t a n c e  f rom t h e  

l i g h t  source o r  by d i r e c t  v a r i a t i o n  o f  t h e  l i g h t  i n t e n s i t y  by t h e  

use o f  a rheos ta t ,  i t  would appear t h a t  p h o t o l y t i c  s t a b i l i t y  

s t u d i e s  a r e  most commonly c a r r i e d  out a t  one o r  two i n t e n s i t i e s  as 

a means o f  q u a l i t a t i v e l y  assess ing t h e  r e l a t i v e  e f f e c t  o f  v a r i o u s  

env i ronmenta l  and f o r m u l a t i o n  f a c t o r s  (e.g., a i r  vs. n i t r o g e n  

purg ing,  a n t i o x i d a n t s ,  etc.)  on product  s h e l f  l i f e .  The l a t t e r  

may be es t ima ted  on t h e  b a s i s  o f  c o l o r  change, bu t  t h e  r i s k s  o f  

t h i s  approach w i t h o u t  c o n f i r m a t o r y  s t a b i l i t y  i n d i c a t i n g  chemical  

assays a r e  considerable3" .  Regre t tab l y ,  as has been p o i n t e d  ou t  

by o t h e r s  30,31, a t tempts  t o  q u a n t i t a t i v e l y  es t ima te  p h o t o l y t i c  

deconiposi t i o n  under use c o n d i t i o n s  based on s t r e s s  t e s t i n g  a r e  

almost n o n - e x i s t e n t  i n  t h e  pharmaceut ica l  l i t e r a t u r e .  

o r d e r  t o  p r e d i c t  p h o t o s t a b i l i t y  a t  an e a r l y  s tage  so t h a t  we may 

develop s u i t a b l e  p r o t e c t i v e  packaging o r  f o r m u l a t i o n  a l t e r n a t i v e s ,  

i f  necessary,  b e f o r e  c l i n i c a l  t e s t i n g .  S p e c i f i c a l l y ,  we would 

l i k e  t o  be ab le  t o  p r e d i c t  t h e  p h o t o s t a b i l i t y  o f  a f o r m u l a t i o n  

under ambient l i g h t i n g  based on i t s  behav io r  under h i g h  i n t e n s i t y  

l i g h t .  

F o r  a d rug  molecule i n  s o l u t i o n  which undergoes a p h o t o l y t i c  

decomposi t ion r e a c t i o n  i n  which f r e e  r a d i c a l  cha in  p ropoga t ion  i s  

e s s e n t i a l l y  n o n - e x i s t e n t  (i.e., t h e  e x c i t e d  s t a t e  e l e c t r o n i c  

e n e r y  i s  d i s s i p a t e d  v i a  i nt ra -mo lecu la r  rearrangement o r  bond 

cleavage w i t h o u t  t h e  c r e a t i o n  o f  another  r e a c t i v e  species) ,  t h e  

r e a c t i o n  can be viewed as a s i m p l e  second o r d e r  process (Eq. 3 )  

i n v o l v i n g  a photon o f  l i g h t ,  hP, o f  t h e  a p p r o p r i a t e  wavelength 

c o l l i d i n g  w i t h  t h e  p h o t o l a b i l e  species,  A. Under c o n s t a n t  

i r r a d i a t i o n  c o n d i t i o n s ,  t h e  " c o n c e n t r a t i o n "  o f  photons s t r i k i n g  

t h e  s o l u t i o n  can be considered t o  be cons tan t  and t h u s  i n s t a n -  

taneous p s e u d o - f i r s t  o r d e r  k i n e t i c s  a r e  p r e d i c t e d  i n  t h e  " 1 s t  

I n  our  l abs  we a r e  i n t e r e s t e d  i n  deve lop ing  such a method i n  
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1316 MENDENHALL 

l a y e r "  t h e  l i g h t  impinges on (Eq. 4). 

4 can be more u s e f u l l y  represented by t h e  product  o f  t h e  amount 

The r i g h t  s i d e  of Equa t ion  

A + h y - B  Eq. 3 

- dNdt = khy A = k ' A  Eq. 4 

la = lo - I Eq. 5 

I = lo IO-EbA Eq. 6a 

- dA/dt = $10 ( I  -10 - EbA) Eq. 7 

Eq. 8 

A = A0 - + lot Eq. 8a 

o f  l i g h t  absorbed, 1, ( p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  f o r  any 

g i ven  l a y e r ) ,  and t h e  quantum e f f i c i e n c y ,  #, a p r o p o r t i o n a l i t y  

cons tan t  which, analgous t o  a r a t e  constant ,  accounts f o r  t h e  

number o f  molecules o f  A conve r ted  t o  B p e r  photon o f  l i y h t  o f  

t h e  a p p r o p r i a t e  wavelength absorbed (Eq. 4a). 

absorbed by a s o l u t i o n  i s  g iven by t h e  d i f f e r e n c e  between t h e  

amount of l i g h t  i n c i d e n t  on t h e  s o l u t i o n ,  I,, and t h e  t h a t  t r a n s -  

m i t t e d ,  I (Eq. 5) .  

success ive l a y e r s  as t h e  l i g h t  t r a v e r s e s  t h e  b u l k  s o l u t i o n  f a l l s  

o f f  e x p o n e n t i a l l y  acco rd ing  t o  Beers Law, Equa t ion  6, where in C i s  

The amount o f  l i g h t  

However, t h e  amount o f  l i y h t  t r a n s m i t t e d  by 

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 PARENTERALS 1317 

t h e  mo la r  a b s o r p t i v i t y  and b i s  t h e  pa th leng th .  Rearranging and 

s u b s t i t u t i n g  Equat ions 5 and 6a i n t o  Equa t ion  4a g i v e s  an 
exp ress ion  f o r  t h e  r a t e  o f  l o s s  as a f u n c t i o n  o f  l i g h t  i n t e n s i t y  

(Eq. 7 ) .  I n t e g r a t i o n  o f  t h i s  express ion leads t o  a r e l a t i v e l y  
complex appear ing r e l a t i o n s h i p  (Eq. 8) ;  however, f o r  cases o f  

p r a c t i c a l  i n t e r e s t  t o  t h e  f o r m u l a t o r  (i.e., i r r a d i a t i o n  o f  t h e  
commercial dosaye form, t h e  package and c o n c e n t r a t i o n  most l i k e l y  

t o  be sub jec t  t o  l o n g  t e r m  exposure t o  l i y h t )  t h e  denominator of  

t h e  l o g a r i t h m i c  t e r m  i n  Equa t ion  8 approaches u n i t y *  and thus 8a 

i s  a reasonable approx imat ion f o r  a t  l e a s t  t h e  i n i t i a l  r a t e  of 

loss ( f r o m  to  t o  t i m e  t c o v e r i n g  t h e  f i r s t  10-20% of  d e g r a d a t i o n )  

which i s  most s i g n i f i c a n t  t o  t h e  formulator .  Such apparent z e r o  

o r d e r  behav io r  has been repo r ted  f o r  many compounds o f  

pharmaceut ica l  i n t e r e s t  32-36. 
s o l u t i o n s ,  as may be exper ienced w i t h  I . V .  a d d i t i v e s ,  i t  can be 

shown37 t h a t  t h e  l e f t  s i d e  o f  Equat ion 8 approaches as a l i m i t  a 

s imple l o g a r i t h m i c  f u n c t i o n  (Eq. 8b)  p r e d i c t i n g  a f i r s t  o r d e r  

r e l a t i o n s h i p . * *  S i m i l a r l y ,  d i l u t e  s o l u t i o n s  of a number o f  

compounds o f  pharrnaceut ical  i n t e r e s t  have been shown t o  photo-  

decompose acco rd ing  t o  t h i s  l o g - l i n e a r  p a t t e r n  

Thus, acco rd ing  t o  Equat ions 8a and 8b a p l o t  o f  t h e  apparent 

zero o r d e r  or f i r s t  o r d e r  r a t e  cons tan ts  a t  d i f f e r e n t  l i g h t  i n t e n -  

s i t i e s  shou ld  then  be a l i n e a r  f u n c t i o n  o f  t h e  i n c i d e n t  l i g h t  

i n t e n s i t y  w i t h  a s lope  o f  6. However, i n  i n v e s t i g a t i n g  t h e  decom- 

p o s i t i o n  r a t e s  o f  a pho tochemica l l y  s e n s i t i v e  research  compound as 

A l t e r n a t i v e l y ,  f o r  ve ry  d i l u t e  

36, 38-44 

*For even a r e l a t i v e l y  d i l u t e  p a r e n t e r a l  f o r m u l a t i o n  (e.g., 1 
m g h l  o f  a compound w i t h  a mo lecu la r  we igh t  o f  300),  a mo la r  
a b s o r p t i v i t y  as low as 600 ( w e l l  below t h a t  u s u a l l y  found f o r  most 
o rgan ic  drug molecules i n  t h e  250-350 nm range o f  wavelengths 
r e s p o n s i b l e  f o r  p r a c t i c a l  p h o t o l y t i c  c leavages)  w i l l  a1 low o n l y  1% 
o f  t h e  i n c i d e n t  l i g h t  i n  t h i s  range t o  pass t h r u  one cen t ime te r  of 
s o l u t i o n ;  t h i s  app rox ima t ion  w i l l  t h e n  cause l e s s  t h a n  a 1% e r r o r  
i n  equa t ion  8 f o r  pa th leng ths  g r e a t e r  t h a n  1 cm. 

**This t r a n s i t i o n  f rom apparent  ze ro -o rde r  t o  apparent  f i  r s t - o r d e r  
behavior  occurs ove r  an approximate two o r d e r  o f  magnitude 
c o n c e n t r a t i o n  range. 
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1318 MENDENHALL 

1.0 

0.5 

0.1 

a f u n c t i o n  o f  l i g h t  i n t e n s i t y ,  we found t h i s  r e l a t i o n s h i p  d i d  not  

appear t o  ho ld.  

o r d e r  r a t e  cons tan ts  were p l o t t e d  a g a i n s t  t h e  r e c i p r o c o l  o f  l i g h t  

i n t e n s i t y ,  we found e x c e l l e n t  l i n e a r i t y  (F ig .  10). Whi le  i t  may 

be tempt ing  t o  hypo thes i ze  t h a t ,  anal  yous t o  A r r h e n i u s  t rea tmen t  

of thermal r a t e  data,  t h e  r e c i p r o c o l  of any measure o f  energy 

i n p u t  would show such a r e l a t i o n s h i p  t o  t h e  r a t e ,  we a r e  unaware 

o f  any t h e o r e t i c a l  suppor t  f o r  t h i s  e m p i r i c a l  obse rva t i on .  

Quantum t h e o r y  r e q u i r e s  t h a t  l i g h t  energy be absorbed i n  d i s c r e t e  

packets as opposed t o  t h e  cont inuum o f  t he rma l  energy upon which 

t h e  t h e o r e t i c a l  soundness of t h e  A r r h e n i u s  r e l a t i o n s h i p  i s  based; 

thus,  l i g h t  energy i s  more p r o p e r l y  t r e a t e d  as a r e a c t a n t ,  whose 

" c o n c e n t r a t i o n "  ( o r  photon d e n s i t y )  i s  i nc reased  w i t h  l i g h t  

A l t e r n a t i v e l y ,  when t h e  l o g  o f  t h e  apparent f i r s t  

- 
- 
- 
- 
- 
- 

- 

I I I I I I I I 1 I I 

2 4 6 8 10 12 14 16 18 20 22 2 

- 
b 

9 

2 

2. 

N 

X 
Y) D 0 

Y 

Corr. Coeff. = - 0.995 

x l O * ( f t .  candle - 1 )  

L.I. 

FIGURE 10 

P l o t  o f  t h e  l o g  of t h e  apparent f i r s t  o r d e r  decomposi t ion r a t e  
versus t h e  r e c i p r o c o l  o f  l i g h t  i n t e n s i t y  f o r  an exper imenta l  d rug  
fo r rnu la t i on  under va r ious  f l u o r e s c e n t  l i g h t  i n t e n s i t i e s ,  a l l  a t  
3o'. 
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STABILITY OF PARENTERALS 1319 

i n t e n s i t y .  D r .  L a r r y  Hsu i n  our  l a b o r a t o r i e s  i s  ex tend ing  t h i s  

p r e l i m i n a r y  i n v e s t i g a t i o n  t o  o t h e r  p h o t o s e n s i t i v e  drugs and we 

hope t o  be ab le  t o  c o n f i r m  t h a t  t h i s  a c c e l e r a t e d  l i g h t  s t a b i l i t y  

i n d i c a t i n g  method i s  u s e f u l  , a c c u r a t e l y  p r o j e c t i n g  decomposi t ion 

r a t e s  under normal room l i g h t i n g .  

C. P r o t e c t i v e  Measures 

Once o x i d a t i v e  o r  pho toca ta l ysed  decomposi t ion r e a c t i o n s  have 

been i d e n t i f i e d  as a problem, seve ra l  s t r a t e g i e s  a r e  a v a i l a b l e  t o  

t h e  f o r m u l a t o r  t o  enhance s t a b i l i t y .  F o r  oxygen s e n s i t i v e  

compounds, t h e  most s t r a i g h t f o r w a r d  approach m igh t  appear t o  be 

s imp ly  p u r g i n g  t h e  s o l u t i o n  and headspace w i t h  an i n e r t  gas such 

as n i t r o g e n .  Depending on t h e  packaging and o t h e r  p rocess ing  

c o n s i d e r a t i o n s  t h i s  approach may n o t  however be p r a c t i c a l  no r  cos t  

e f f e c t i v e .  Furthermore, f o r  r e a c t i o n s  i n  which oxygen p a r t i c i -  

pates o n l y  c a t a l y t i c a l l y  o r  f o r  very  d i l u t e  d rug  s o l u t i o n s ,  even 

t r a c e  amounts o f  r e s i d u a l  oxygen which cannot p r a c t i c a l l y  be 

removed may render  t h e  product  unstable.  

approaches such as l i g h t  p r o t e c t i v e  packaging (e.g., amber g l a s s  

o r  i n d i v i d u a l  c a r t o n i n g )  may a l s o  be e f f e c t i v e  b u t  a r e  n o t  p re -  

f e r r e d  due t o  i n s p e c t i o n  d i f f i c u l t i e s  and c o s t  cons ide ra t i ons .  

Thus, f o r m u l a t i o n  approaches, such as a n t i o x i d a n t s ,  a r e  u s u a l l y  

t h e  f i r s t  cho ice  t o  enhance t h e  s h e l f  l i f e  o f  such products.  

f o r  use i n  aqueous o r  non-aqueous p a r e n t e r a l  p r o d u c t s  (Tab le  3).  

O f  these,  by f a r  t h e  most commonly used i n  aqueous p a r e n t e r a l  

f o r m u l a t i o n s  a r e  b i s u l f i t e  and EDTA. S e l e c t i o n  o f  t h e  optimum 

ayent ( o r  combinat ion o f  agents)  i s  o f t e n ,  r e g r e t t a b l y ,  l a r g e l y  

e m p i r i c a l  s i n c e  o x i d a t i o n  p o t e n t i a l s  a lone  a r e  no t  who1 l y  

i n d i c a t i v e  o f  t h e  a n t i o x i d a n t ' s  performance i n  t h e  a c t u a l  formu- 

l a t i o n 2 6 .  

i d e n t i f y i n g  t h e  bes t  a n t i o x i d a n t  system wherein t h e  s t a b i l i t y  o f  

an aqueous s o l u t i o n  o f  t h e  a n t i o x i d a n t  i t s e l f  i s  f i r s t  determined, 

a lone and t h e n  i n  comb ina t ion  w i t h  o t h e r  agents. The most 

p romis ing  agents, as  determined by b o t h  i n i t i a l  re-dox p o t e n t i a l  

O the r  " b r u t e  f o r c e "  

A v a r i e t y  o f  a n t i o x i d a n t s  and c h e l a t i n g  agents a r e  a v a i l a b l e  

Akers has suggested a 3 s tage sc reen ing  approach f o r  
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1320 MENDENHALL 

TABLE 3 

Antioxidants 
Usual Concentration 

( O W  

Acetylcysteine 
Ascorbic Acid 
Hindered Phenols (e.g., BHT) 
Propylgallate 
Sodium Bisulfite 
Sod i um Meta bis u If i t e 
Th ioglycerol 
Thiourea 
Tocopherols 

Chelating Agents 
Citric Acid 
EDTA 

0.5 
0.02 - 1.0 
0.005 - 0.02 
0.005 - 0.02 
0.1 - 0.15 
0.1 - 0.15 
0.1 - 1.0 
0.5 - 1.0 

0.05 - 0.075 

0.01 - 0.075 

determi n a t i o n s  and r e l a t i v e  s t a b i  1 i ty, were f i n a l  l y  fo rmu la ted  

w i t h  d rug  and sub jec ted  t o  h i g h  temperature s t a b i l i t y  evalua-  

t i o n .  

t r a t i n g  t h e  need t o  c a r r y  ou t  such s t u d i e s  i n  t h e  presence o f  a l l  

f o r m u l a t i o n  components s i n c e  t h e y  may a f f e c t  t h e  a b i l i t y  o f  t h e  

a n t i o x i d a n t  t o  e f f e c t i v e l y  quench t h e  f r e e  r a d i c a l  mediated 

process rega rd less  o f  r e l a t i v e  o x i d a t i o n  p o t e n t i a l s .  I n t e r e s t -  

i n g l y ,  t h e  most e f f e c t i v e  system found i n  t h a t  s tudy i n v o l v e d  

asco rb i c  a c i d  as t h e  pr imary a n t i o x i d a n t  which i t s e l f  was 

s t a b i l i z e d  by i n c l u s i o n  o f  t h i o u r e a .  

R e s u l t s  d i d  n o t  who1 l y  c o n f i  rin screeni  ng s t u d i  es, il l u s -  

A l though one o f  t h e  most e f f e c t i v e  and w i d e l y  used a n t i -  

ox idants ,  sodium b i s u l f i t e  i s  a l s o  a p o t e n t  n u c l e o p h i l e  and may 

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

d i e n t s  possess cen te rs  f o r  n u c l e o p h i l i c  a t tack .  As il l u s t r a t e d  i n  

Scheme 2, ep inephr ine  and dopamine a r e  bo th  s u s c e p t i b l e  t o  s i m i l a r  

o x i d a t i v e  degradat ion,  r e s u l t i n g  i n  i n t r a m o l e c u l a r  c y c l i z a t i o n  of 

t h e  r i n g  and d i s c ~ l o r a t i o n ~ ~ .  Sodium b i s u l f i t e  e f f e c t i v e l y  b l o c k s  

t h i s  r e a c t i o n  f o r  b o t h  cmpounds, presumably by b l o c k i n g  

propogat ion o f  t h e  oxygen and semiquinone r a d i c a l s .  

H iguch i  and S c h r ~ e t e r ~ ~  demonstrated t h a t  b i s u l f i t e  a l s o  a t t a c k s  
However, 
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STABILITY OF PARENTERALS 1321 

R, k -- 
EPINEPHRINE OH CH, 

DOPAMINE H H  

Rz 

ADRENOCHROME (RED) 

f 
MELANIN-LIKE 

POLYMERS 

SCHEME 2 

t h e  b e n z y l i c  carbon o f  ep inephr ine,  a p p a r e n t l y  v i a  bo th  an SN1 and 

SN2 mechanism depending on pH, r e s u l t i n g  i n  a l o s s  o f  o p t i c a l  

a c t i v i t y  and co r respond ing  potency (Scheme 3). S i m i l a r l y ,  

o x i d a t i o n  o f  morphine t o  pseudoniorphine has been shown t o  be 

b locked  by sodium b i s u l f i t e ,  a l t hough  s u b s t a n t i  a1 amounts o f  a 

s u l f i t e  adduct can a l s o  be formed 4 7 9 4 8 .  

always p rec lude  use o f  b i s u l f i t e .  For  example, i n  a r e c e n t  r e p o r t  

by Hussain and Iya4’ on b i s u l f i t e  a d d i t i o n  t o  physost igmine,  t h e  

r e a c t i o n  was shown t o  be r e a d i l y  r e v e r s i b l e  t o  y i e l d  t h e  a c t i v e  

d rug  even though t h e  a t t a c k  i n v o l v e s  an o p t i c a l l y  a c t i v e  c e n t e r  

(Scheme 4). 

r e a c t i o n  o f  dobutamine i n  t h e  presence o f  b i  s u l f i  t e  a t  a u t o c l a v e  

temperatures;  t h e  r e a c t i o n  r a t e  was dependent on b i s u l f i t e  

c o n c e n t r a t i o n  and appeared t o  i n v o l v e  b i s u l f i t e  i t s e l f  a c t i n g  as 

an o x i d i z i n g  agent a l t hough  no s p e c i f i c  mechanism was proposed. 

Many o t h e r  drugs have a l s o  shown r e a c t i v i t y  towards b i s u l f i t e ,  and 

thus  i t s  e f f e c t  on a l l  pathways o f  d rug  i n s t a b i l i t y  shou ld  be 

c a r e f u l l y  eva lua ted  b e f o r e  use. 

Such r e a c t i o n s  may n o t  

More r e c e n t l y ,  Massey and Long5* r e p o r t e d  an unusual 
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1322 MF,NDENHALL 

1 - EPINEPHRINE - H +  HO 0 iHCH,NHCH, - dl - EPINEPHRINE 

I 
- SLOW 

HO 

SO,= FAST so,= SLOW I 
HO 

d - EPINEPHAINE- BISULFITE 

SCHEME 3 

SCHEME 4 

From Hussain and Iga, J .  Parenter. Drug Assoc., 33, 32 (1979);  
reproduced w i t h  t h e  p e K i s s i o n  o f  t h e  Parentera l  Drug Associat ion.  

Although not near ly  a s  s i g n i f i c a n t  a problem, EDTA has a lso 

been shown t o  cata lyse decomposition o f  a number o f  drugs, 
i nc lud ing  neomycin, epinephrine, i sopro tereno l  , and physostigmine 

[51 and references there in ] .  
accelerated degradation i n  the presence o f  EDTA has not been 

c l e a r l y  e luc idated,  i t  would seem most l i k e l y  t h a t  i t  invo lves  

general a c i d  o r  general base ca ta l ys i s .  

employ amber glass t o  e l im ina te  t h e  h igher  energy, lower  wave- 

l eng th  r a d i a t i o n  responsib le  f o r  l i g h t - i n i t i a t e d  degradat ion o f  

organic canpounds (Fig. 11). Although u s u a l l y  very e f f e c t i v e ,  

Although t h e  rnechanisrn(s) o f  t h i s  

For photosens i t i ve  parentera l  drugs, a canmn s t ra tegy  i s  t o  
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STABILITY OF PARENTEULS 1323 

300 400 500 600 700 

WAVE L E N G T H  Mp 

FIGURE 11 

L i g h t  t r a n s m i s s i o n  curves f o r  t y p i c a l  f l i n t  and amber g lass.  

t h i s  approach a l s o  has some l i a b i l i t i e s  i n  a d d i t i o n  t o  t h e  

i nspec t iona l  d i f f i c u l t i e s  and correspondi  ny i n c r e a s e d  cos ts .  

L i p p e r  and Nevola5' r e c e n t l y  r e p o r t e d  an unexpected i nc rease  i n  

t h e  r a t e  o f  t h i m e r s o l  decomposi t ion i n  amber g lass  c o n t a i n e r s  

compared w i t h  f l i n t  (Table 4). EDTA appeared t o  decrease but  not  
e l i m i n a t e  t h i s  phenomenon, The authors concluded t h a t  l e a c h i n g  o f  

i r o n  'and/or manganese, b o t h  o f  which a r e  p resen t  i n  s u b s t a n t i a l  

q u a n t i t i e s  i n  amber g lass  compared w i t h  f l i n t 5 3 ,  caused t h i s  

decreased s t a b i l i t y .  S i m i l a r  decreased s t a b i l i t y  i n  amber con- 

t a i n e r s  compared w i t h  f l i n t  has been observed w i t h  b o t h  

a m i t r i p t y l i  ne54 and asco rb i c  acid55, presumably a t t r i b u t a b l e  t o  

t h e  same phenomenon. 

V. PARTICULATES 

Ano the r  area o f  s t a b i l i t y  concerns unique t o  p a r e n t e r a l  

products  i s  p a r t i c u l a t e s .  U.S.P. r e q u i r e s  p a r e n t e r a l  f o r m u l a t i o n s  
( i n  t h e  l i q u i d  s t a t e )  t o  be f r e e  o f  v i s a b l e  p a r t i c l e s  when viewed 

i n  normal room l i g h t i n g ;  i n  a d d i t i o n  compendia1 l i m i t s  f o r  sub- 

v i s u a l  p a r t i c u l a t e s  p r e s e n t l y  e x i s t  f o r  LVP's ( n o t  more t h a n  50 > 
1Ou and 5 25u/ml) and a r e  being developed f o r  SVP's f o r  p o s s i b l e  
i n c l u s i o n  i n  t h e  nex t  U.S.P. A l though p u b l i s h e d  d a t a  a r e  not  

p r e s e n t l y  a v a i l a b l e  f o r  t h i s  s e n s i t i v e  problem, i t  i s  known t h a t  
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1324 MENDENHALL 

TABLE 4 

Percent  of  i n i t i a l  t h i m e r s o l  a f t e r  34 weeks s to rage  i n  arnpuls a t  
t h e  y i ven  c o n d i t i o n s .  Data f rom L i p p e r  and Novela, paper 
presented t o  31s t  N a t i o n a l  APHA Academy o f  Pharmaceut ica l  Sciences 
Meet ing,  Orlando, F l o r i d a ,  November 15-19, 1981. 

T ("C) Glass 

5 FLINT 
AMBER 

37 FLINT 
AMBER 

50 FLINT 
AMBER 

Exposed to Light 

Without With 
EDTA EDTA 

102 94 
102 98 

88 97 
58 80 
27 85 
0 46 

Foil Covered 

Without With 
EDTA EDTA 

101 99 
101 102 

88 100 
58 80 
31 91 
0 50 

p a r t i c u l a t e  l e v e l s  do i nc rease  w i t h  t i m e  i n  some cases and may 

prove t o  be l i m i t i n g  t o  t h e  s h e l f  l i f e  o f  some products .  

o f  p a r t i c u l a t e s  i n c l u d e  c o n t a i n e r  components (e.g., shedding o f  

Type I 1  g lass  con ta ine rs ,  p ieces o f  rubber  c l o s u r e ) ,  i n s o l u b l e  
f o r m u l a t i o n  decomposi t i o n  p roduc ts  o r  c l o s u r e  e x t r a c t a b l e s .  

Furthermore, r e c o n s t i t u t e d  l y o p h i l i z e d  p r o d u c t s  have s u b s t a n t i a l l y  

g r e a t e r  p a r t i c u l a t e  l e v e l s  t h a n  s o l u t i o n s ;  t h i s  may be due t o  t h e  

phenomenon of "micro-mel tbacks"  which produce a sma l l  f r a c t i o n  o f  
e s s e n t i a l l y  i n s o l u b l e  o r  very s l o w l y  d i s s o l v i n g  s o l i d  product .  

A l t e r n a t i v e l y ,  s o l u b l e  t r a c e  contaminants  i n  t h e  raw m a t e r i a l  may 
r e d i s s o l v e  o n l y  very s l o w l y  once f o r c e d  ou t  o f  s o l u t i o n  by 

l y o p h i l i z a t i o n .  T h i s  p a r t i c u l a t e  s t a b i l i t y  i s s u e  can be expected 

t o  become more v i s i b l e  as government, i n d u s t r y  and compendia 

groups con t inue  t o  work towards s tandards which w i l l  i n s u r e  t h e  

c o n t i  nued p r o d u c t i o n  o f  s a f e  p roduc ts  a t  t e c h n i c a l l y  ach ievab le  

Sources 

p a r t i c u l a t e  l e v e l  s . 
VI . 

Although t h e  v a s t  

prov ided as t r u e  s o l u t  

DISPERSED PHASE SYSTEMS 

m a j o r i t y  o f  commerci a1 s t e r i l e  

ons o r  powders f o r  r e c o n s t i t u t  

p roduc ts  a r e  

on, a 
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STABILITY OF PARENTERALS 1325 

l i m i t e d  number o f  d i spe rsed  phase (i.e., suspensions, emuls ions o r  

c o l l o i d s )  p a r e n t e r a l  f o r m u l a t i o n s  a re  a v a i l a b l e .  P a r e n t e r a l  

f o r m u l a t i o n s  i n  these dosage forms a r e  fundamental l y  no d i f f e r e n t  

t h a n  n o n - s t e r i  l e  d i spe rsed  phase systems (covered elsewhere i n  

t h i s  program), h a v i n g  t h e  same phys i ca l  and chemical s t a b i l i t y  

l i a b i l i t i e s .  However, one aspect,  r e l a t e d  again t o  rubber  c l o -  
sures, may be somewhat exaggerated w i t h  emulsions o r  suspensions 

packayed i n  m u l t i d o s e  c o n t a i n e r s  and t h u s  deserves s p e c i a l  men- 

t i o n .  

o f  f o r m u l a t i o n  c o n s t i t u e n t s  (e.g. , s u r f a c t a n t s ,  e m u l s i f i e r s ,  

c m o l v e n t s ,  e tc . )  t o  m a i n t a i n  t h e i r  me tas tab le  p h y s i c a l  s t a t e .  

Thus l o s s  o f  even sma l l  amounts o f  t h e s e  u s u a l l y  low c o n c e n t r a t i o n  

components t o  t h e  rubber  c l o s u r e  ove r  t i m e  may adve rse l y  e f f e c t  

t h e  p h y s i c a l  s t a b i l i t y  o f  t h e  system, r e s u l t i n g  i n  f l o c u l a t i o n ,  

caking, coalesence, separa t i on ,  e t c .  T h i s  p o t e n t i a l  , c h e m i c a l l y  
dependent p h y s i c a l  i n s t a b i l i t y  pathway shou ld  be kept  i n  mind i n  

des ign ing  such f o r m u l a t i o n s  and s e l e c t i n g  packaging components. 

Dispersed phase systems o f t e n  depend on a d e l i c a t e  ba lance 

V1 I .  AUTOCLAVING 

L i q u i d  products  which a r e  t e r m i n a l l y  s t e r i l i z e d  by 

a u t o c l a v i n g  a r e  con f ron ted  w i t h  a s h o r t  but  i n t e n s e  thermal  s t r e s s  

which can have i m p o r t a n t  s t a b i l i t y  r a m i f i c a t i o n s ,  e s p e c i a l l y  f o r  

f o r m u l a t i o n  components hav ing decomposi t ion pathways w i t h  h i g h  

energ ies  o f  a c t i v a t i o n .  Genera l ly ,  products  a r e  exposed t o  peak 

au toc lave  temperatures ( u s u a l l y  no more t h a n  a few degrees g r e a t e r  

t h a n  1 2 1 O C )  f o r  o n l y  30-60 minutes;  however, depending on batch 

s i z e ,  pack ing,  c o n t a i n e r  mass, etc., h e a t  up and cool  down t imes  

can extend t h i s  h i g h  temperature exposure up t o  24 hours. Yang .et- 

- a1 r e c e n t l y  r e p o r t e d  on a non- isothermal model which c o u l d  be used 
56 t o  p r e d i c t  t h e  amount o f  drug decomposed i n  an a u t o c l a v e  c y c l e  . 

The o x i d a t i o n  o f  dobutamine by b i  s u l f i  t e  p r e v i o u s l y  ment ioned 

occu r red  o n l y  under au toc lave  c o n d i t i o n s ,  y i e l d i n g  unacceptable 

pa ren t  d rug  loss5'; i n  t h i s  case, a s e p t i c  f i l l i n g  i n s t e a d  o f  
autoc 1 a v i  ng e l  i m i  n a t  ed t h e  prob 1 em.. 

n o t  unusual f o r m u l a t i o n  s t a b i l i t y  e f f e c t  o f  a u t o c l a v i n g  . A s i g -  

Yang and co-workers a l s o  p o i n t e d  ou t  a l i t t l e  cons idered i f  
57 
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MENDENHALL 1326 

n i f i c a n t  d i f f e r e n c e  i n  t h e  h y d r o l y t i c  decomposi t ion o f  d i  a t r i z o i c  

ac id ,  a rad io-opaquing agent, d u r i n g  a u t o c l a v i  ny was observed 

dependiny on t h e  c c u n t e r i o n  used i n  n e u t r a l i z i n g  t h e  a c i d  t o  t h e  

same pH, e i t h e r  sodium o r  meglumine. I t  was found t h a t  t h i s  was 

due t o  d f f e r e n c e s  i n  t h e  i o n i z a t i o n  cons tan ts  o f  meglumine versus 

water  as a f u n c t i o n  o f  temperature.  

r e l a t i v e  y weaker base a t  h i g h e r  temperatures and thus  formula-  

t i o n s  t i  r a t e d  w i t h  t h i s  base become measurably more a c i d i c  d u r i n g  

a u t o c l a v i n g  compared w i t h  t h e  sodi um hyd rox ide  n e u t r a l i z e d  

formula. S ince t h e  decomposi t ion r e a c t i o n  i s  base dependent, t h e  

rneglumine c o n t a i n i n g  formula was t h e r e f o r e  s i g n i f i c a n t l y  more 

s t a b l e  d u r i n g  t h e  au toc lave  cyc le ,  y i e l d i n g  a more accep tab le  

product  w i t h  a l o n g e r  s h e l f  l i f e ,  

A recen t  s tudy on t h e  s t a b i l i t y  o f  an organophosphate 

a n t i d o t e  " c o c k t a i l "  i n  g lass  and p l a s t i c  c o n t a i n e r s  was sugges t i ve  

o f  an a d d i t i o n a l  s t a b i l i t y  l i a b i l i t y  f o r  t e r r i i i n a l l y  s t e r i l i z e d  

p a r e n t e r a l s  i n  c o n t a c t  w i t h  p o t e n t i a l l y  a b s o r p t i v e  packaging 

 component^^^. 
(80') i n  p l a s t i c  c o n t a i n e r s  compared w i t h  g lass  was c o r r e l a t e d  

w i t h  a marked inc rease  i n  t h e  r a t e  o f  l o s s  o f  one o f  t h e  

f o r m u l a t i o n  components, t r imedoxime bromide; whether t h e  pH s h i f t  

i n  t h e  unbu f fe red  f o r m u l a t i o n  (p robab ly  due t o  s e l e c t i v e  

adso rp t i on  o f  a f o r m u l a t i o n  component o r  d e s o r p t i o n  o f  a packaging 

component) was t h e  cause of  t h e  i nc reased  d rug  l o s s  o r  a r e s u l t  o f  
i t  was n o t  shown nor  whether a c t u a l  decomposi t ion c a t a l y s i s  was 

invo lved .  Nonetheless, t h e  f o r m u l a t i o n  was c l e a r l y  n o t  s u i t a b l e  

f o r  a u t o c l a v i  ng i n  p l a s t i c  c o n t a i n e r s  d e s p i t e  apparen t l y  

acceptable k i n e t i c  da ta  i n  g l a s s  con ta ine rs ,  

E f f e c t i v e l y ,  meylumine i s  a 

A s i g n i f i c a n t  drop i n  pH a t  h i g h e r  tempera tu re  

VIII. LYOPHILIZED PRODUCTS 

L y o p h i l i z e d  dosage forms have t h e i r  own unique s e t  o f  

s t a b i l i t y  problems which can be c a t e g o r i z e d  i n t o  severa l  groups: 

A. A f f e c t  o f  Residual  S o l v e n t / M o i s t u r e  

Since economics p rec lude  f r e e z e - d r y i n g  o f  a d rug  u n l e s s  poor 

s o l u t i o n  s t a b i l i t y  demands i t ,  l y o p h i l i z e d  products  a r e  

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 PARENTERALS 1327 

e s s e n t i a l l y  by d e f i n i t i o n  u n s t a b l e  i n  t h e i r  i n tended  r e c o n s t i -  
t u t i o n  so l ven t ,  u s u a l l y  water. Thus, t h e  s t a b i l i t y  p r o f i l e  o f  

these dosage forms w i l l  be dependent on r e s i d u a l  m o i s t u r e  i n  t h e  

l y o p h i l i z e d  product.  

t h e  d r i e d  cake), s o l v o l y t i c  deg rada t ion  can be expected t o  

approach zero o r d e r  c o n d i t i o n s  s i n c e  t h e  r e a c t i o n  w i l l  depend 

s o l e l y  on t h e  e s s e n t i a l l y  cons tan t  amount o f  m o i s t u r e  a v a i l a b l e  t o  

d i s s o l v e  t h e  drug; s i n c e  t h e r e  i s  always an excess o f  drug i n  t h e  

s o l i d  phase, t h i s  adsorbed m o i s t u r e  l a y e r  w i l l  remain s a t u r a t e d  

w i t h  drug th roughou t  and zero o r d e r  k i n e t i c s  w i l l  r e s u l t  ( u n t i l ,  
o f  course, s i g n i f i c a n t  amounts o f  t h e  a v a i l a b l e  m o i s t u r e  a r e  

consumed i n  t h e  h y d r o l y s i s  r e a c t i o n ) .  Th i s  i s  i l l u s t r a t e d  i n  Eq. 

Y and 10, where A s  i s  t h e  s a t u r a t i o n  aqueous s o l u b i l i t y  o f  t h e  

A t  low m o i s t u r e  l e v e l s  (as would be found i n  

Eq. 9 

Eq. 10 

59 decomposing spec ies  A whose i n i t i a l  mass i s  A,. Huber e t  a1 

showed good q u a l i t a t i v e  c o r r e l a t i o n  o f  t h e  potency o f  s i n c a l i d e ,  a 

l a b i l e  pept ide,  and headspace humid i t y ,  an i n d i c a t o r  o f  cake 

mo is tu re  c o n t e n t  (Tab le  5) .  T h i s  dependency was demonstrated more 

q u a n t i t a t i v e l y  i n  our labs r e c e n t l y  f o r  a l a b i l e  l y o p h i l i z e d  e s t e r  

product ;  zero o r d e r  decompositon r a t e s  a t  30' were p l o t t e d  a g a i n s t  

r e s i d u a l  m o i s t u r e  l e v e l s  (F ig .  12),  showing excel  l e n t  l i n e a r i t y .  

Us ing  t h i s  t y p e  o f  data,  t h e  maximum r e s i d u a l  m o i s t u r e  c o n t e n t  

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

unnecessa r i l y  o v e r d r y i  ng t h e  product  can be est imated;  such da ta  

i s  a l s o  necessary t o  determine a1 l owab le  env i ronmenta l  humid i t y  

l e v e l s  f o r  powder f i l l  products.  
F o r  such m o i s t u r e  s e n s i t i v e  f o r m u l a t i o n s ,  t h e  cho ice  o f  

packaging components may be c r i t i c a l  t o  p r o v i d e  a s u f f i c i e n t  

m o i s t u r e  b a r r i e r  t o  m a i n t a i n  product  s t a b i l i t y .  Fo r  t h e  

conven t iona l  g l a s s  v i a l e d  products,  t h e  rubber  c l o s u r e  m o i s t u r e  

p e r m e a b i l i t y  must be determined and w i l l  u s u a l l y  be an i m p o r t a n t  
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TABLE 5 

1328 

S i  nca 
Huber 

i d e  s t a b i l i t y  as a f u n c t i o n  o f  r e s i d u a l  mo is tu re .  Data f rom 
-- e t  a1 , --.’- J .  Pharm. Sc i  67, 1239 (1978). 

Humidity Condition 
Exposed to Before Months 

Sealing at 22OC 

None 

Moderate 

High 

Initial 
25 

3 
14 

3 
14 

Measured Headspace 
Relative Humidity (Yo) 

Est. (30 
19-29 

46-47 
34-35 

81 -88 
54-72 

Sincalide Potency 
(Bioassay, O/’) 

106 
103 

114 
94 

66 
36 

s e l e c t i o n  parameter i n  d e c i d i n g  on t h e  p r e f e r r e d  package f o r  

optimum s h e l f  l i f e .  T y p i c a l l y ,  n a t u r a l  rubber  c l o s u r e  a r e  f a r  

more permeable t o  water  t h a n  b u t y l  c l o s u r e s ,  t h e  l a t t e r  p r o v i d i n g  

a wide range o f  m o i s t u r e  vapor t r a n s m i s s i o n  r a t e s  depending on t h e  

s p e c i f i c  rubber formula composi t ion.  The r e c e n t  i n t r o d u c t i o n  o f  

an a n t i b i o t i c  powder f o r  r e c o n s i t u t i o n  packaged i n  a p l a s t i c  bag 

il l u s t r a t e s  t h e  even g r e a t e r  p o t e n t i a l  f o r  r a p i d  m o i s t u r e  

a b s o r p t i o n  by these m a t e r i a l s ;  i n  t h i s  case, t h e  manu fac tu re r  

s p e c i f i e s  a 30 day s h e l f  l i f e  a f t e r  t h e  e s s e n t i a l l y  m o i s t u r e  

impermeable f o i l  overwrap i s  removed. 

6. E x c i p i e n t  E f f e c t s  

l y o p h i l i z e d  product  can markedly e f f e c t  t h e  s t a b i l i t y  o f  l a b i l e  

components i n  t h e  d r i e d  cake. 

r e c e n t l y  r e p o r t e d  t h a t  t h e  s t a b i l i t y  o f  l y o p h i l i z e d  sodium 

p ras te rone  s u l f a t e ,  a s t e r o i d  used i n  o b s t e t r i c s ,  c o u l d  be con- 

s i d e r a b l y  enhanced by i n c l u s i o n  o f  p o l y v i n y l p y r r o l i d o n e  o r  g l y c i n e  

(F ig .  13).  S ince i t  was independent ly  shown t h a t  sodium b i s u l f i t e  

ca ta l ysed  t h e  e s t e r  h y d r o l y s i s  (p robab ly  s i m p l y  by l o w e r i n g  t h e  pH 

As w i t h  s imple s o l u t i o n s ,  e x c i p i e n t s  o r  b u f f e r s  used i n  a 

For  example, Sugimoto e t  a1 60 -- 
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STABILITY OF PARENTERALS 1329 

FIGURE 1 2  

P l o t  o f  t h e  zero o r d e r  decomposi t ion r a t e s  o f  a h y d r o l y t i c a l l y  
s e n s i t i v e  e s t e r  as a f u n c t i o n  of t h e  r e s i d u a l  m o i s t u r e  i n  t h e  
l y o p h i l i z e d  product ;  t h e  p o i n t s  shown a r e  exper imenta l  and t h e  
l i n e  i s  t h e  b e s t  f i t  l i n e a r  r e y r e s s i o n  curve. 

o f  t he  adsorbed m o i s t u r e  l a y e r ,  a l t hough  general  a c i d  c a t a l y s i s  

cannot be r u l e d  o u t ) ,  i t  was p o s t u l a t e d  t h a t  t hese  bas i c  e x c i p i -  

e n t s  slowed t h e  decomposi t ion by n e u t r a l i z i n g  t h e  b i s u l f i t e  

l i b e r a t e d  i n  t h e  h y d r o l y s i s  o f  t h e  es te r .  

C. Bu l k  S o l u t i o n s  

p r o d u c t i o n  o f  a b u l k  s o l u t i o n  p r i o r  t o  a s e p t i c  f i l l i n g  and 

Manufacture o f  l y o p h i l i z e d  p r o d u c t s  g e n e r a l l y  r e q u i r e s  
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1330 MENDENHALL 

C 
0 
U 

!! 

3, 

Y 
0 

I 
0 10 2'0 30 

8 

6 

4 

2 

0 10 20 30 
Days 

FIGURE 13 

S t a b i l i t y  and pH changes ove r  t i m e  o f  
prasterone s u l f a t e  a t  50" c o n t a i  n i  ng t h e  f o l  l o w i n g  a d d i t i v e s :  

0 , PVP; 
c o n t r o l .  
(1981); reproduced w i t h  pe rm iss ion  o f  t h e  P a X e T a m g  
As soci  a t  i on. 

l y o p h i l i z e d  sodium 

, g l y c i n e ;  A , d e x t r a n  40; A ,  m a n n i t o l ;  , 
From Suyimoto e t  a!, J. Parenter .  Sc i .  8( Tech., 35, 88 

l y o p h i l i z a t i o n .  Besides t h e  minimum t i m e  necessary f o r  such 

process ing opera t i ons ,  i t  i s  a f requen t  p r a c t i c e  t o  assay t h i s  

s o l u t i o n  b e f o r e  f i l l i n g  i n  v i a l s  i n  o r d e r  t o  a l l o w  any necessary 

per  v i a l  potency adjustment t o  be made i n  f i l l  volume. Thus t h e  

d rug  may be h e l d  i n  t h e  r e l a t i v e l y  u n s t a b l e  s o l u t i o n  s t a t e  f rom a 

few hours up t o  seve ra l  days b e f o r e  f i l l i n g  i n t o  v i a l s  and 

f r e e z i n g ;  f o r  p a r t i c u l a r l y  l a b i l e  drugs, even t h i s  r e l a t i v e l y  

s h o r t  p e r i o d  may r e s u l t  i n  s u b s t a n t i a l  decomposi t ion,  s h o r t e n i n g  

t h e  u l t i m a t e  s h e l f  l i f e  o f  t h e  product.  One approach t o  m in im ize  

t h i s  t y p e  o f  i n  process i n s t a b i l i t y  i s  t o  i n c l u d e  a v o l a t i l e  

o rgan ic  coso lven t  i n  t h e  b u l k  s o l u t i o n  t o  depress t h e  s o l v o l y s i s  

r a t e  . For example, Nelson e t  a16* demonstrated a marked 
depress ion i n  the  h y d r o l y s i s  r a t e  o f  a p iperazy lphenylbenzofuran 

a n t i v i r a l  candidate by i n c l u s i o n  o f  i s o p r p y l  a l c o h o l  ( I P A )  i n  t h e  
b u f f e r e d  d rug  s o l u t i o n  (F ig .  14 ) ;  i n  f a c t ,  a l i n e a r  r e l a t i o n s h i p  

61 
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STABILITY OF PARENTERALS 1331 

40 

0 
c 

X 

I 10 z 
5. 

v) m 
0 

4 

10 20 
% IPA 

30 

F I G U R E  1 4  

P l o t  o f  t h e  l o g  o f  t h e  apparent f i r s t  o r d e r  r a t e  cons tan ts  f o r  t h e  
h y d r o l y s i s  o f  S-22844 ( I )  t o  i t s  decomposi t ion p roduc ts  ( I 1  and 
111) versus t h e  i s o p r o p y l  a l c o h o l  ( I P A )  con ten t  o f  pH 6.5 
M c I l v a i n e  b u f f e r  s o l u t i o n  a t  50'; t h e  c i r c l e s  a r e  exper imen ta l  
data p o i n t s  and t h e  l i n e  i s  t h e  best  f i t  l i n e a r  r e g r e s s i o n  o f  t h e  
da ta  ( c o r r e l a t i o n  c o e f f i c i e n t  0.993). From Nelson, K o l a r s  and 
Mendenhall, paper presented t o  3 1 s t  N a t i o n a l  APhA Academy o f  
Pharmaceut ical  Sciences Meet ing,  Or lando, F1 o r ida ,  November 15-19, 
1981. 
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1332 MENDENHALL 

was shown between t h e  l o g  o f  t h e  r a t e  cons tan t  and t h e  IPA 
1 eve1 . 
r e l a t i v e l y  v o l a t i l e  c o s o l v e n t  d u r i n g  l y o p h i l i z a t i o n  may r e q u i r e  an 

extended c y c l e  as w e l l  as spec ia l  condenser t r a p s ;  f u r the rmore ,  

depending on t h e  t o x i c i t y  o f  t h e  o r g a n i c  c o s o l v e n t  b e i n g  used, 

a c h i e v i n g  r e s i d u a l  l e v e l s  which a r e  acceptable f rom a s a f e t y  p o i n t  

o f  v iew may be q u i t e  d i f f i c u l t .  

However, as Seayer p o i n t e d  out61, removal o f  even a 

D. E f f e c t s  o f  L y o p h i l i z a t i o n  Cyc le  C o n d i t i o n s  

An i n t e r e s t i n g  aspect o f  l y o p h i l i z e d  p r o d u c t s  i s  t h e  
p o t e n t i a l  f o r  process ing c o n d i t i o n s ,  such as f r e e z i n g  and h e a t i n g  

r a t e s  i n  t h e  f reeze d r y i n g  cyc le ,  t o  e f f e c t  f i n a l  p roduc t  

s t a b i l i t y .  The we1 1 known a c c e l e r a t e d  decomposi t ion o f  some 

p e n i c i l  li ns i n  " f r o z e n "  s o l u t i o n s *  63,ci4 i l l u s t r a t e s  t h e  p o t e n t i a l  

f o r  prolonged o r  p o o r l y  c o n t r o l  l e d  f r e e z i n g  c y c l e s  t o  y i e l d  

v a r i a b l e  and p o s s i b l y  unacceptable decomposi t ion.  

and perhaps i n s i d i o u s  e f f e c t  o f  l y o p h i l i z a t i o n  c y c l e  c o n d i t i o n s  on 

product  s t a b i l i t y  i s  t h e  p o t e n t i a l  t o  i s o l a t e  t h e  s o l i d  d rug  i n  a 

v a r i e t y  o f  p h y s i c a l  s t a t e s ,  i.e., amorphous o r  i n  d i f f e r e n t  c r y s -  

t a l  li ne polymorphs. Bogardus, f o r  example, r e c e n t l y  r e p o r t e d  65 

t h a t ,  depending on f r e e z i n g  and r e h e a t i n g  r a t e s ,  a t  l e a s t  4 d i f -  

f e r e n t  polymorphs o f  sodium n a f c i l l i n  c o u l d  be i s o l a t e d  w i t h i n  t h e  

temperature range n o r m a l l y  used i n  a l y o p h i l i z a t i o n  c y c l e .  Each 

o f  these can be expected t o  e x h i b i t  d i f f e r e n t  chemical r e a c t i v i t y  

i n  t h e  s o l i d  s t a t e  and may have d i f f e r i n g  a f f i n i t i e s  f o r  r e s i d u a l  

s o l v e n t s  w i t h  obv ious s t a b i l i t y  i m p l i c a t i o n s .  P i  k a l  and co- 

wo r ke r s 6 6 g 6 '  have shown d i f f e r e n c e s  o f  a t  l e a s t  an o r d e r  o f  

magnitude between t h e  r a t e s  o f  decomposi t ion o f  anhydrous 

amorphous cephalospor i  ns and t h e i r  correspondi  ng unso lva ted  c r y -  

s t a l  li ne forms. Furthermore, i n  these s t u d i e s  t h e  r e l a t i v e  r a t e s  

o f  decomposi t ion o f  m i x t u r e s  o f  c r y s t a l l i n e  and amorphous drug 

A more s u b t l e  

* I n  r e t r o s p e c t ,  these examples p robab ly  were no t  t r u l y  f rozen ,  bu t  
i n v o l v e  pockets o f  h i g h l y  concen t ra ted  " p r e - e u t e c t i c "  s o l u t i o n  o f  
d r u g  i n  t h e  i c e  mass i n  which a u t o c a t a l y s i s  o r  pH changes r e s u l t e d  
i n  r a p i d  decomposi t ion i n  s p i t e  o f  t h e  l e s s  f a v o r a b l e  the rma l  
cond i t i ons .  
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STABILITY OF PARENTERALS 1333 

TABLE 6 

Comparison o f  t h e  degree o f  c r y s t a l l i n i t y ,  as measured by seve ra l  
methods, and t h e  s o l i d  s t a t e  s t a b i l i t y  o f  c e p h a l o t h i n  sodium a t  
50° under dry  and h i g h  humid i t y  c o n d i t i o n s ;  t h e  degree o f  
c r y s t a l l i n i t y  i s  expressed as t h e  pe rcen t  o f  c r y s t a l l i n e  (vs.  
amorphous) drug. 
(1978). 

Data f rom Pika1 e t  -' a1 - J .  - Pharm. - Sci. -3 67 767 

X-Ray 

External Internal 
Method Method 

100 100 
72 67 
69 55 
62 51 
57 48 
47 40 
37 34 

Calorimetry 

100 
93 
92 
88 
74 
54 
47 

50° Stability* 

Dry 31% R.H. 

100 100 
101 100 
102 97 
101 100 
86 - 
77 85 
54 44 

- 

* O h  = 100 (1 - k samplelk amorphous) 

were c o r r e l a t e d  w i t h  t h e  degree o f  c r y s t a l l i n i t y  (Tab le  6) ;  t h i s  

may be a t  l e a s t  i n  p a r t  due t o  t h e  observed i n c r e a s e d  a f f i n i t y  o f  

t h e  amorphous m a t e r i a l  f o r  r e s i d u a l  so l ven t .  S i m i l a r l y ,  f o r  

c e f o x i t i n  sodium, a cephamycin a n t i b i o t i c ,  a marked d i f f e r e n c e  i n  

s o l i d  s t a t e  decomposi t ion r a t e s  has been shown between t h e  
amorphous and c r y s t a l  l i n e  forms6*; i d e n t i f i c a t i o n  and develop- 

ment o f  a s t a b l e  c r y s t a l l i n e  s a l t  was i n  f a c t  a c r i t i c a l  s t e p  i n  

t h e  development o f  a commerc ia l ly  v i a b l e  p a r e n t e r a l  dosage form o f  

t h i s  compound69. 

form o f  sodium e thac ryna te  f o r  a l y o p h i l i z e d  dosage form have been 

reported7'. 

va r ious  p h y s i c a l  s t a t e s  i n  which t h e  a c t i v e  drug can e x i s t ,  t h e i r  

r e l a t i v e  s t a b i l i t y  p r o f i l e s ,  and a p p r o p r i a t e  c y c l e  des ign and 

c o n t r o l  t o  i n s u r e  c o n s i s t e n t  i s o l a t i o n  o f  t h e  d e s i r e d  s o l i d  phase, 
manufacturers  run t h e  r i s k  o f  i n a d v e r t e n t l y  p roduc ing  a dosage 

form h a v i n g  a s i g n i f i c a n t  l o t - t o - l o t  s h e l f  l i f e  v a r i a b i l i t y ,  

S i m i l a r  d i f f i c u l t i e s  w i t h  i s o l a t i n g  a s t a b l e  

Thus, w i t h o u t  adequate c h a r a c t e r i z a t i o n  o f  t h e  
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1334 MENDENHALL 

E. Natu ra l  Product I s o l a t e s  
L o t - t o - l o t  v a r i a b i l i t y  i n  decomposi t ion r a t e s  may a r i s e  f rom 

another ,  l e s s  c o n t r o l l a b l e  source w i t h  l y o p h i l i z e d  products.  Many 

such products  a r e  o f  n a t u r a l  o r i g i n ,  i.e., i s o l a t e s  f rom p l a n t  o r  

animal sources. As such, even i n  t h e  most r i g o r o u s  i s o l a t i o n  

process, some batch t o  ba tch  v a r i a b i l i t y  i n  t r a c e  contaminants  

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

agent can be expected. Shown i n  Tab le  7 i s  comparable da ta  on 

m u l t i p l e  enzymatic a c t i v i t i e s  o f  two d i f f e r e n t  l o t s  o f  a p l a n t  

i s o l a t e ;  as i s  d r a m a t i c a l l y  i l l u s t r a t e d ,  t h e  s t a b i l i t y  p r o f i l e  i s  

cons ide rab ly  d i f f e r e n t  f o r  two o f  t h e  f o u r  a c t i v i t i e s  even over  

t h e  s h o r t  t i m e  i n t e r v a l s  and c o n s e r v a t i v e  s to rage  c o n d i t i o n s  

i nvo l ved .  T h i s  i s  a problem t o  be very consc ious o f  i n  

e s t a b l i  sh ing an expi  r a t i o n  da te  f o r  n a t u r a l  products .  

Haze F *  - 
As d i s t i n c t  f rom p a r t i c u l a t e s ,  appearance o f  a non -desc r ip t  

haze o r  t u r b i d i t y  i n  l y o p h i l i z e d  or p o w d e r - f i l l e d  dosage forms i s  
a r e l a t i v e l y  ccnnrnon occurrence. I n  terms o f  potency l oss ,  haze i s  

TABLE 7 

Comparison o f  t h e  r e l a t i v e  s t a b i l i t y  o f  two l o t s  o f  a l y o p h i l i z e d  
n a t u r a l  product  i s o l a t e .  

Enzymatic Activities 

“C” - - - “BY’ “A” 

( Initial 3.4 49 3.9 

4 Months, 5” 3.5 47 3.0 

Reconstituted, 3.7 49 2.9 
Frozen 48 hrs. 

Initial 3.4 51 2.8 

2.9 48 2.7 4 Months, 5 ”  

Reconstituted, 2.5 49 0.5 
Frozen 48 hrs. 

Reference Lot 

Sample Lot 

D” - 
1.6 

1.5 

3.3 

2.7 
- 
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STABILITY OF PARENTERALS 1335 

not  a s i g n i f i c a n t  problem; however, from an aes the t i c  po in t  o f  

view i t  i s  usua l l y  unacceptable (no r  w i l l  the product meet the  

usua l l y  appl ied cornpendial standard f o r  c l a r i t y  o f  a c o n s t i t u t e d  

i n j e c t a b l e  so lu t i on ) .  Thus haze i s  a problem o f  ser ious concern 

t o  t h e  formulator. 

I d e n t i f i c a t i o n  of the s p e c i f i c  cause o f  such problems 

(usua l ly  assumed t o  be due t o  product i n t e r a c t i o n  w i th  packaging 

components) can be a chal leng i  ng (and f r u s t r a t i n g )  problem s ince  

the  q u a n t i t a t i v e  amounts o f  mater ia l  invo lved are very minute, not  

e a s i l y  i s o l a t a b l e  o r  q u a n t i f i a b l e  wi thout  he ro i c  measures. P i k a l  

and Lang showed t h a t  adsorpt ion o f  v o l a t i l e  c losu re  components 

(i.e., wax and s u l f u r )  by t h e  product was the  cause o f  haze prob- 
7 1  lems w i t h  a number of l y o p h i l i z e d  cephal ospor in  formulat ions ; 

furthermore, they proposed a method o f  screening c losures f o r  

t h e i r  tendency t o  "bleed" such v o l a t i l e s  and f o r  these i n  t u r n  t o  

i n t e r a c t  w i th  t h e  fo rmula t ion  o f  i n t e r e s t .  Nonetheless, t h e  

occurrence of haze does not always lend i t s e l f  t o  such r a t i o n a l  

p r e d i c t i v e  methods. For example, P o r t n o f f  e t  a1 r e c e n t l y  re -  

ported6' t h a t  haze problems began t o  occur i n  an a n t i b i o t i c  

f o  m u  1 a t  i on  c o i  n c i  dent w i th  changeover from i n-th e-v i  a1 1 yoph i 1 i - 
z a t i o n  t o  powder f i l l i n g ,  t he  only demonstrable phys ica l  o r  

chemical d i f f e rence  between t h e  products being t h e  phys i ca l  s t a t e  

o f  the drug (amorphous versus c r y s t a l l i n e ;  packaging ma te r ia l s  

remained t h e  same). 

f i l l e d  dosage forms increases, t h e  occurrence o f  such packaging 

i n t e r a c t i o n  problems can be expected t o  increase. 

t h i s  problem i s  f requent ly  ev ident  w i th  f resh  samples), we have 

observed instances i n  our labs where such haze format ion d e f i -  

n i t e l y  increases w i t h  time. Furthermore, P i k a l  and Lang 

demonstrated the  expected t ime dependency o f  the sub l imat ion  o f  

c losure vo la t  i 1 es under vacuum71; under ambient pressure 

cond i t ions  o r  more m i l d  vacuum (as some parentera l  dosage forms 

are c u r r e n t l y  marketed), t h i s  subl imat ion process can be expected 

As t h e  use o f  non-glass packaging f o r  powder- 

While o f ten  not considered a t r u e  s t a b i l i t y  parameter (i.e., 
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1336 MENDENHALL 

t o  be cons ide rab ly  extended and may thus  r e s u l t  i n  t h e  gradual  

i n c r e a s e  o f  haze t o  an unacceptable l e v e l  over t ime.  

G. S t a t i s t i c a l  Treatment o f  S h e l f  L i f e  Es t ima tes  

H i g h l y  uns tab le  l y o p h i l i z e d  p roduc ts  p r e s e n t  an i n t e r e s t i n g  

s t a t i s t i c a l  problem i n  a c c u r a t e l y  e s t i m a t i n g  product  s h e l f  l i f e .  

F o r  dosage forms manufactured, packaged and u l t i m a t e l y  used i n  t h e  

same p h y s i c a l  s t a t e  (e.g., a s o l u t i o n ) ,  s t a b i l i t y  p r o j e c t i o n s  

i n v o l v e  a r e l a t i v e l y  s t r a i g h t f o r w a r d  es t ima te  o f  t h e  t i m e  a t  which 

product  potency o r  deg rada t ion  p roduc ts  r e s p e c t i v e l y  reach some 

p re -es tab l  i shed  m i  nimum or maximum a1 lowable l e v e l .  U s u a l l y  t h i s  

i s  done u t i l i z i n g  k i n e t i c  p r o j e c t i o n s  ( w i t h  s u p p o r t i n g  a c t u a l  

s to rage  da ta )  f o r  p roduc t  s t o r e d  under worst  case l a b e l e d  s t o r a g e  

c o n d i t i o n s ;  d a t a  f rom process, raw m a t e r i a l  and a n a l y t i c a l  

v a r i a b i l i t y  and t h e  c o n s e r v a t i v e  95% con f idence  boundary i s  most 

o f t e n  used i n  e s t a b l i s h i n g  p roduc t  expi  r a t i o n  d a t i n g .  However, 

f o r  l y o p h i l i z e d  products,  t h e  decomposi t ion p r o f i l e  i n  a t  l e a s t  

t h r e e  d i s t i n c t  phases must be determined and t h e n  combined t o  

es t ima te  an a c t u a l  product  s h e l f  l i f e .  These are,  o f  course, t h e  

p r e - l y o p h i l i z e d  b u l k  s o l u t i o n  ( i n c l u d i n g  manufactur ing,  i n t e r -  

mediate s t o r a g e  and f i l l i n g ) ,  t h e  l y o p h i l i z e d  cake and t h e  

r e c o n s t i t u t e d  s o l u t i o n .  To use t h e  c o n s e r v a t i v e  95% con f idence  

l i m i t  f o r  each o f  t h e s e  phases i s  probably  unnecessa r i l y  r e s t r i c t -  

i v e .  To i l l u s t r a t e  t h i s  p o i n t  ( F i g .  15),  a 95% CI g i v e s  a 5% 

p r o b a b i l i t y  o f  f a i l i n g  t h e  t a r g e t  s p e c i f i c a t i o n  l i m i t ;  i f  a l l  

t h r e e  processes a r e  s i m i l a r l y  t r e a t e d ,  t h e n  t h e  p r o b a b i l i t y  o f  t h e  

f i n a l  product  f a i l i n g  s p e c i f i c a t i o n  i s  a c t u a l l y  (0.05)3 o r  0.0125% 

i n s t e a d  o f  t he  usual  5%. Rather, i n  t h i s  s imp le  case where t h e  

PRE.LYOPHILIZE0 LYOPHILIZEO RECONSTITUTED 
SOLUTION CAKE SOLUTION 

0.05 x 0.05 x 0.05 = 0.000125 

0.35 x 0.35 x 0.35 = 0.04 

FIGURE 1 5  
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magnitude o f  decomposi t ion i s  determined t o  be t h e  same i n  a l l  

t h r e e  phases, one shou ld  use a con f idence  l i m i t  o f  65% a t  each 

s tage  t o  achieve a 95% assurance t h e  f i n a l  p roduc t  w i l l  meet t h e  

re1 evant  speci  f i c a t i o n s  a t  expi  r a t i o n .  T h i s  argument assumes each 

decomposi t ion phase i s  independent;  t h i s  w i l l  n o t  be t h e  case when 

a common s t a b i l i t y  dependent v a r i a b l e ,  such as pH, i s  c r i t i c a l .  

Also,  i f  t h e  magnitude o f  t h e  va r iance  f o r  each decomposi t ion 

phase i s  not  approx imate ly  equal ,  i t  i s  p robab ly  a p p r o p r i a t e  t o  

weight  t h e  i n d i v i d u a l  con f i dence  l i m i t s  a c c o r d i n g l y .  

s t a t i s c a l l y  based a l y o r i t h m  f o r  d e t e r m i n i n g  t h e  s h e l f - l i f e  o f  such 

p roduc ts  a t  a g i v e n  con f idence  l e v e l  encompassing a l l  t h e  v a r i o u s  

s t a b i  1 i t y  s t  ages72. 

A d j e i  and coworkers have very r e c e n t l y  presented a 

r x .  CONCLUSION 

I have a t tempted  i n  t h i s  paper t o  h i g h l i g h t  t h e  m a j o r  

s t a b i l i t y  r e l a t e d  problems unique t o  s t e r i l e  p roduc t  f o rmu la t i ons ,  

bo th  s o l u t i o n s  and l y o p h i l i z a t e s .  The c h i e f  d i f f e r e n t i a t i n g  

f a c t o r s  w i t h  these dosage forms compared w i t h  o t h e r  pharmaceut ica l  

dosage forms a r e  t h e i r  s p e c i a l  packaging and use requi rements 

which exaggerate severa l  l o s s  pathways and d i c t a t e  concern ove r  

some s t a b i l i t y  parameters n o t  r e l e v a n t  t o  n o n - s t e r i  l e  products .  

I f  t h e  t o n e  o f  t h i s  d i s c u s s i o n  seems unduly  t i l t e d  towards 

f o r m u l a t i o n  des ign and p r e d i c t i v e  methodology, i t  i s  an 

acknowledged p r e j u d i c e ;  t h e  reason i s  my s t r o n g  b e l i e f  t h a t  

a p p l i c a t i o n  o f  sound t h e o r e t i c a l  concepts and p r e d i c t i v e  t e c h -  

niques i n  t h e  f o r m u l a t i o n  development s tage by t h e  pharmacis t  

shou ld  i n s u r e  subsequent l o n g  t e r m  formal  s t a b i l i t y  s t u d i e s  w i l l  

be l a r g e l y  a c o n f i r m a t o r y  exe rc i se .  

t h a t  o u r  knowledge l e v e l  i s  such t h a t  development o f  s t a b l e  

p a r e n t e r a l  f o r m u l a t i o n s  i s  a r o u t i n e  t a s k  w i t h  p r e d i c t a b l e ,  

guaranteed success; unexpected problems can and do occu r  and t h e r e  
a r e  c l e a r l y  many areas i n  need o f  work t o  develop and improve p re -  

d i c t i v e  methodology. However, i t  i s  hoped t h a t  a p p l i c a t i o n  o f  

T h i s  i s  c e r t a i n l y  n o t  t o  say 

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.



1338 

some o f  t h e  methods 

a s s i s t  t h e  fo rmu la t  

accept ab 1 e product  

reviewed i n  

n e f f i c i e n t  

have a h i g h  

f i d e n c e  i n  i t s  l o n g  t e r m  s t a b i l i t y .  

and p r i n c i  p l e s  

on pharmacis t  

n which he can 

MENDENHALL 

t h i s  paper w i l l  
y develop i  ny an 

degree o f  con- 
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