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

P r i o r  t o  t h e  c u r r e n t  r e g u l a t i o n s  i n  the  Un i ted  States govern ing good 

manufactur ing p r a c t i c e s  (GMPs) f o r  f i n i s h e d  d rug  products  (l), e x p i r a t i o n  

dates were o n l y  r e q u i r e d  f o r  drug products  l i a b l e  t o  d e t e r i o r a t i o n  o r  f o r  

drug products  l i s t e d  i n  the  Un i ted  States Pharmacopeia (USP). 

r e g u l a t i o n s  requ i red  s t a b i l i t y  o f  a drug p roduc t  t o  be determined, i t  was 

n o t  u n t i l  t h e  p u b l i s h i n g  o f  t he  c u r r e n t  r e g u l a t i o n s  t h a t  s p e c i f i c  ment ion 

was made as t o  what should be i nc luded  i n  a s t a b i l i t y  program. Regulat ions 

such as these a re  designed t o  be a p p l i e d  l i k e  p roduc t  s p e c i f i c a t i o n s .  They 

a re  a guide t o  acceptable q u a l i t y  and p rov ide  what i s  cons idered minimal t o  

achieve t h i s  q u a l i t y .  

f o r  s t r e n g t h  o f  90 t o  110 I. 

f a c t u r e r  w i l l  u s u a l l y  des ign a process t o  achieve a p roduc t  w i t h  even c l o s e r  

to lerances.  

f o r  a p a r t i c u l a r  d rug  e n t i t y  o f  dosage form may be more r i g i d  than those 

found e i t h e r  i n  r e g u l a t i o n s  o r  i n  agency gu ide l i nes ,  s ince  t h e r e  may be 

unique c h a r a c t e r i s t i c s  o f  a p a r t i c u l a r  drug e n t i t y  o r  dosage form t h a t  may 

r e q u i r e  spec ia l  t e s t i n g  o r  m o n i t o r i n g  t o  p r o v i d e  assurance o f  a p r o d u c t ' s  

i n t e g r i t y .  

Whi le  GMP 

An analogy would be a USP monograph s p e c i f i c a t i o n  

I n  o r d e r  t o  assure t h i s  s t reng th ,  t h e  manu- 

I n  a d d i t i o n ,  requirements determined by a government rev iewer  
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1550 DAVIS 

The regulat ions requ i re  n o t  on ly  t h a t  drug s t a b i l i t y  be determined b u t  

t h a t  the f i r m  have a w r i t t e n  s t a b i l i t y  program and the progress be fol lowed. 

While the regulat ions do n o t  provide us w i t h  d e f i n i t i o n s  o f  the elements o f  

a s t a b i l i t y  program, several c r i t e r i a  are presented which should be inc luded 

i n  the program. 

the sample s i ze  and t e s t  i n t e r v a l s  f o r  each a t t r i b u t e  t o  be examined. 

commended t e s t  i n t e r v a l s  f o r  new products have usua l l y  stressed a greater  

The f i r s t  c r i t e r i o n  o f  a s t a b i l i t y  program i s  t h a t  i t  spec i f y  

Re- 

frequency o f  t e s t i n g  du r ing  the f i r s t  yea r  o r  two, e.g 

then a t  3,6,9,12,18,24, and 36 months. Such t e s t i n g  a 

t o  determine a t w n d  o f  degradation e a r l y  i n  the s h e l f  

On the other  hand, i f  i n i t i a l  s t a b i l i t y  i s  p red ic tab le  

, t e s t i n g  i n i  ti a1 ly ,  

lows the analyst  

l i f e  o f  the drug. 

poss ib l y  f rom ac- 

celerated s tud ies o r  a previous product h i s t o r y ,  the program may be more 

appropr ia te ly  designed i f  i t  provides f o r  more f requent  sampling c l o s e r  t o  

the an t i c ipa ted  e x p i r a t i o n  date. 

ance t h a t  i t  i s  representat ive o f  t he  batch. Likewise, the number o f  batches 

chosen f o r  sampling must be adequate so t h a t  ana lys i s  demonstrates a cons is t -  

e n t l y  manufactured product from batch t o  batch. Performing s t a b i l i t y  s tud ies 

on a t  l e a s t  three batches o f  product seems t o  be the minimum t h a t  i s  usua l l y  

acceptable. 

process, o r  manufacturing f a c i l i t i e s  occurs, a t  l e a s t  the f i r s t  t h ree  con- 

secutive production batches a f t e r  such change should be placed back i n t o  the 

product s t a b i l i t y  program t o  d e f i n i t i v e l y  e s t a b l i s h  t h a t  such change has no t  

adversely a l t e r e d  the establ ished e x p i r a t i o n  pe r iod  o f  the product. 

The s i z e  o f  the sample must prov ide assur- 

Whenever a change i n  the formulat ion,  packaging, manufacturing 

18.2 S i g n i f i c a n t  changes 

Often the question i s  asked, "What k i n d  o f  change i s  s i g n i f i c a n t  enough 

t o  warrant add i t i ona l  s t a b i l i t y  s tud ies?"  The answer i s  t h a t  any change o r  

s u b s t i t u t i o n  i n  e i t h e r  the product formulat ion,  manufacturing procedure, o r  

i n  packaging may be c r i t i c a l  t o  the o v e r a l l  product i n t e g r i t y .  Should a 

manufacturer consider a change t o  be i n s i g n i f i c a n t ,  data should be ava i l ab le  

t o  substant ia te t h i s  b e l i e f .  While, a t  one time, changes o f  exc ip ien ts  were 

considered t o  be minor, i t  has been demonstrated t h a t  changing merely the  
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GMP ASPECTS 1551 

q u a n t i t y  o f  exc ip ien ts  such as starch, sodium l a u r y l  su l fa te ,  o r  e t h y l  

ce l l u lose  may, i n  f a c t ,  c r i t i c a l l y  a l t e r  a p roduc t ' s  s t a b i l i t y .  Reprocessing 

a f i n i s h e d  dosage form, changing a procedure, e.g., l y p h i l i z a t i o n  t o  spray 

dry ing,  o r  e x t r a  m i l l i n g  o f  ingredients ,  may subject  t he  drug t o  a d d i t i o n a l  

heat and/or moisture which could a l t e r  previous conclusions as t o  a pro- 

duc t ' s  s tab i  1 i t y .  

The next  requirement o f  the s t a b i l i t y  program i s  t h a t  the storage con- 

d i t i o n s  of samples re ta ined  f o r  s t a b i l i t y  s tud ies be stated. 

poss ib le  i n t e r a c t i o n  o f  a stopper o r  cap l i n e r  w i t h  an ingredient ,  i t  i s  good 

p r a c t i c e  t o  s to re  so lu t i ons  i n  a manner t h a t  provides contact  o f  the contents 

w i t h  the c losure system. 

e i t h e r  on t h e i r  s ide  o r  i n  an i nve r ted  p o s i t i o n .  

s t a b i l i t y  studies should a lso r e f l e c t  the actual  extremes o f  temperature, 

humidity, and l i g h t  t h a t  the product may be subjected t o  dur ing a n t i c i p a t e d  

storage i n  the marketplace, unless the product l abe l  bears s p e c i f i c  i n s t r u c -  

t i o n s  as t o  storage, i .e.,  r e f r i g e r a t e ,  o r  p r o t e c t  from l i g h t .  

i f  a product i s  photosensit ive, i t  should n o t  be s tored i n  the  dark, bu t  

subjected t o  appropr ia te l i g h t  i n t e n s i t i e s .  ( 2 )  S t a b i l i t y  s tud ies should 

a l low f o r  special storage condi t ions necessary f o r  c e r t a i n  dosage forms. 

example, emulsions have unique p roper t i es  t h a t  can be stressed through 

c y c l i c  temperature s tud ies.  (3) 

Because o f  the 

For instance, l i q u i d  products should be s tored 

Storage condi t ions dur ing 

Obviously, 

For 

18.3 Test Methods 

The regu la t i ons  requ i re  t h a t  the t e s t  methods u t i l i z e d  f o r  determining 

product s t a b i l i t y  be f i r s t  r e l i a b l e ,  then meaningful and s p e c i f i c .  

emphasize method r e l i a b i l i t y  i s  o f  prime importance. 

one t h a t  survives the  c l a s s i c  a n a l y t i c a l  chal lenges o f  prec is ion,  accuracy, 

r e p r o d u c i b i l i t y ,  and ruggedness. 

equipment and techniques i n  i t s e l f  i s  no t  a c r i t e r i o n  f o r  a r e l i a b l e  method. 

I n  f a c t ,  o f ten  the use o f  such equipment presents specia l  a n a l y t i c a l  problems 

t h a t  must be resolved. While the U.S.P. r e f e r s  t o  a system s u i t a b i l i t y  t e s t  

i n  c e r t a i n  monographs, ( 4 )  the reader would do we l l  t o  consider such t e s t i n g  

I must 

A r e l i a b l e  method i s  

Employment o f  soph is t i ca ted  a n a l y t i c a l  D
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1552 DAVIS 

as a fundamental ana ly t i ca l  technique f o r  analys is  o f  products o the r  than 

USP a r t i c l e s  also. 

A meaningful t e s t  r e f e r s  t o  a procedure t h a t  i s  app rop r ia te l y  designed 

t o  ob ta in  necessary in format ion.  

by l i g h t ,  any t e s t  t o  examine f o r  p o t e n t i a l  degradates would be meaningless i f  

the product had been stored i n  an u n l i t  area. 

would no t  be meaningful would be a t e s t  performed a t  h igh  temperature and 

low humidity f o r  a product t h a t  would be l i k e l y  t o  degrade by hyd ro l ys i s .  

The condi t ions o f  such a t e s t  might prov ide a l ess  chal lenging environment 

than would storage a t  ambient condit ions. 

Should a product be subject  t o  degradation 

Another example o f  a t e s t  t h a t  

For the t e s t  t o  be s p e c i f i c ,  i t  must have the p o t e n t i a l  t o  d i f f e r e n t i a t e  

the drug under assay from products o f  chemical degradation and from other  

ingredients  i n  the formulat ion which might i n t e r f e r e .  

techniques are u t i l i z e d  r o  separate c lose ly  r e l a t e d  compounds. 

make the assumption that ,  when on ly  one spot i s  detected or one peak resolved, 

the method i s  s p e c i f i c  unless i t  can be adequately demonstrated t h a t  degraded 

compounds could have been detected. 

enough t o  i d e n t i f y  small amounts of a degradent and adequately resolve them 

from the parent drug. 

confined t o  a s i n g l e  assay. 

t e s t s  are ava i l ab le  which accomplish the same object ives,  they may be 

u t i l i z e d .  

Often, chromatographic 

One cannot 

That i s ,  t he  method must be s e n s i t i v e  

Rel iab le,  meaningful, and s p e c i f i c  t e s t i n g  need n o t  be 

Often t h i s  may be imprac t i ca l .  As l ong  as m u l t i p l e  

18.4 Packaging 

The s t a b i l i t y  program i s  also requ i red  t o  prov ide f o r  t e s t i n g  o f  the drug 

product i n  the same conta iner  and closure system as t h a t  i n  which t h e  drug 

product i s  marketed. A t  t imes t h i s  has been i n t e r p r e t e d  r a t h e r  l i b e r a l l y ,  

b u t  ex t rapo la t i on  should be based upon s c i e n t i f i c  r a t i o n a l e .  

i f  a manufacturer had developed s t a b i l i t y  data f o r  a t a b l e t  t h a t  was packaged 

i n  a polystyrene container and a repacker plans t o  market the t a b l e t s  i n  a 

glass container, the FDA has commonly agreed t o  such a change because the 

l i t e r a t u r e  i nd i ca tes  t h a t  glass i s  probably the most impervious b a r r i e r  

For instance, 
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GMP ASPECTS 1553 

t o  moisture. I n  such cases, FDA has condoned a repacker l a b e l i n g  the product 

w i t h  the same e x p i r a t i o n  date as on the o r i g i n a l  product. However, a s i m i l a r  

change f o r  a l i q u i d  product might  n o t  be s u i t a b l e  because the  a l k a l i n e  nature 

o f  glass i s  known t o  a f f e c t  the pH o f  a s o l u t i o n  t o  the ex ten t  t h a t  product 

i n t e g r i t y  has been jeopardized by such a change. 

ava i l ab le  t h a t  i nd i ca tes  a p a r t i c u l a r  conta iner  o r  c losure may be b e t t e r  

than t h a t  employed, i t  may be used w i t h  the p rev ious l y  establ ished e x p i r a t i o n  

da t i ng  per iod as l ong  as the newly packaged product i s  re in t roduced i n t o  the 

s t a b i l i t y  program as prev ious ly  described. 

the s u i t a b i l i t y  o f  two container systems i s  t o  t e s t  one against  t he  o the r  

f o r  moisture permeation, p a r t i c u l a r l y  a t  temperatures h igher  than room tem- 

perature. 

Generally, i f  data i s  

A simple mechanism o f  assessing 

I f  the same inne r  seal i s  employed o r  the same cap l i n e r  i s  used, changes 

o f  t he  cap design may n o t  warrant the performance o f  a d d i t i o n a l  s tud ies.  

torque appl ied t o  the cap may be o f  importance, p a r t i c u l a r l y  i f  an innerseal  

i s  n o t  employed. 

The 

Test ing the product packaged i n  the smal lest  marketed conta iner  i s  

usua l l y  the most c r i t i c a l  s i ze  t o  t e s t  since the  r a t i o n  o f  i n t e r n a l  area o f  

the conta iner  t o  the contents i s  more c r i t i c a l  t o  product i n t e g r i t y  the 

smal ler  the container. 

i s  greater  i n  p ropor t i on  t o  the i ng red ien ts  a lso.  

t e s t  n o t  on l y the  smal lest  conta iner  bu t  a lso the l a rges t .  

l a rge  d i f ferences i n  extremes o f  product s izes,  in termediate s izes should no t  

be overlooked when t e s t i n g .  

Very o f t e n  the amount o f  a i r  i n  a smal ler  conta iner  

I t i s  considered GMP t o  

I f  there are 

The packaging o r  repackaging of drugs i n t o  u n i t  dose conta iners requi res 

specia l  knowledge of these types o f  containers and techniques f o r  sea l i ng  the 

package. 

dose conta iner  packages. ( 5 )  

drugs i n  such containers, FDA decided tha t ,  should drugs be repacked i n  u n i t  

dose containers t h a t  meet o r  exceed the q u a l i t y  o f  a type B container, as 

defined i n  the USP, an e x p i r a t i o n  date o f  n o t  more than s i x  months from 

packaging could be placed on the container l a b e l ,  and FDA would n o t  requ i re  

The USP provides performance standards f o r  several classes o f  u n i t  

I n  an e f f o r t  t o  encourage hosp i ta l s  t o  dispense D
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1554 DAVIS 

t h a t  s t a b i l i t y  data be obtained t o  v e r i f y  t h a t  date. 

on the cond i t i on  t h a t  the s i x  month pe r iod  be n o t  more than one-fourth o f  the 

remaining e x p i r a t i o n  date on the stock b o t t l e  a t  the t ime o f  repacking. 

exp i ra t i on  date greater  than s i x  months must be substant ia ted by standard 

procedures as described above. 

This i s  a l so  dependent 

Any 

I t i s  no t  advisable t o  ext rapolate from one mate r ia l  t o  another when 

packing i n t o  u n i t  dose containers w i thou t  considering the seal ing technique 

o f  the ma te r ia l s  u t i l i z e d .  I n  t h i s  type o f  system i t  i s  no t  on l y  the  f o i l s  

and p l a s t i c s  t h a t  provide p ro tec t i on  t o  the  drug, bu t  the manner i n  which 

the mater ia ls  are j o ined  t h a t  prevents the  adven t i t i ous  entrance o f  a i r  o r  

moi s t u  re. 

18.5 Reconsti tuted Products 

Regarding products intended f o r  r e c o n s t i t u t i o n ,  the regu la t i ons  spec i f y  

t h a t  the s t a b i l i t y  program s h a l l  inc lude t e s t i n g  o f  t he  drug a t  the t ime o f  

dispensing ( f o l l o w i n g  the d i r e c t i o n s  on the l a b e l )  and a f t e r  the drug i s  r e -  

const i tu ted.  

e s s e n t i a l l y  two e x p i r a t i o n  dates on t h i s  type o f  product: one f o r  t he  re-  

cons t i t u ted  product, and the other  f o r  the product a f t e r  r e c o n s t i t u t i o n .  

This i s  necessary t o  support the requirement t h a t  t he re  be 

18.6 Accelerated Studies 

The GMP regulat ions o f  1978 a l l ow  f o r  the f i r s t  t i m e  the use of acceler- 

ated studies t o  support an e x p i r a t i o n  date. 

formation on the components, dosage form, and conta iner  c losure system, 

accelerated t e s t i n g  may prov ide the basis f o r  an e x p i r a t i o n  date t h a t  i s  be- 

yond a date supported by actual  s h e l f  l i f e  s tud ies.  When an e x p i r a t i o n  date 

i s  t e n t a t i v e l y  establ ished i n  t h i s  manner, s t a b i l i t y  s tud ies must be conducted 

and the product tested a t  appropr ia te i n t e r v a l s  u n t i l  t h e  t e n t a t i v e  date i s  

e i t h e r  v e r i f i e d  o r  the v a l i d  e x p i r a t i o n  date determined. 

Combined w i t h  bas ic  s t a b i l i t y  i n -  

There i s  ne i the r  a standard which s p e c i f i e s  what cons t i t u tes  an acceler- 

ated s t a b i l i t y  program nor a un iversa l  t e s t  appl icable t o  a l l  products. 

years ago I suggested condi t ions f o r  a t e s t  which might be appl ied t o  s o l i d  

dosage forms and which was n o t  intended t o  be i d e a l  f o r  a l l  products, b u t  could 

Several 
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GMP ASPECTS 1555 

be appl ied i n  the m a j o r i t y  of circumstances. 

product (dosage form i n  the container-closure system used f o r  marketing) t o  

4 O o C  and a r e l a t i v e  humidity greater  than 75% f o r  t h ree  months. 

s t i l l  complying w i t h  i t s  p a r t i c u l a r  s p e c i f i c a t i o n s  a f t e r  t h i s  t e s t  would be 

acceptable f o r  a labeled e x p i r a t i o n  da t i ng  pe r iod  o f  two years. 

i s  known t o  have s t a b i l i t y  problems o r  i s  a new drug where l i t t l e  may be known 

o f  i t s  r e l a t i v e  s t a b i l i t y ,  an accelerated t e s t  such as above may n o t  be s u i t -  

able. Other more r igorous accelerated t e s t i n g  employing mu1 t i p l e  temperatures 

o r  the c y c l i n g  o f  temperatures may be more appropr ia te f o r  some products. The 

proposed t e s t  o f  4 O o C  and 75% r e l a t i v e  humid i ty  f o r  three months i s  r e a l l y  

designed as a s t ress  t e s t  f o r  the dosage and container-closure, no t  as a t r u e  

k i n e t i c  t e s t .  

the h igh moisture o f  the t e s t  i s  important because i t  severely stresses t h e  

product. For example, some t a b l e t s  a f t e r  absorbing on ly  a few percent o f  

water have been shown t o  f a i l  d i s s o l u t i o n s p e c i f i c a t i o n s .  The t e s t  t o  be 

proper ly  monitored should have assays run i n i t i a l l y  and a t  l e a s t  monthly. 

The above condi t ions could a lso be used as a s t ress  t e s t  f o r  l i q u i d  products; 

however, t h i s  would no longer requ i re  the use o f  h igh humid i ty  as a t e s t  

parameter. 

The t e s t  i s  t o  subject  the 

A product 

I f  a product 

Even though the  drug substance may n o t  degrade by hydro lys is ,  

The use o f  the Arrhenius equation t o  p r e d i c t  the k i n e t i c s  o f  degradation 

has been appl ied ex tens i ve l y  t o  chemicals i n  so lu t i on .  

usual ly  choose a chemical f o r  such a study t h a t  degrades q u i t e  e a s i l y .  A f t e r  

a l l ,  i f  the purpose o f  the research i s  t o  moni tor  degradation k i n e t i c s ,  there 

would be l i t t l e  value, i f  any, i n  se lec t i ng  a chemical t h a t  demonstrates o n l y  

minimal degradation. The s ing le  chemical i n  s o l u t i o n  comprises the t y p i c a l  

k i n e t i c  study. However, once t h a t  chemical is  incorporated w i t h  several 

other ingredients ,  some o f  which may be equal ly  o r  more reac t i ve ,  and then 

compressed i n t o  a t a b l e t  o r  f i l l e d  i n t o  a g e l a t i n  capsule, a new and unique 

set  o f  circumstances ex i s t s .  

behavior o f  t h a t  chemical which was prev ious ly  monitored on ly  by i t s e l f .  

The researcher w i l l  

This new cosmos could a l t e r  t he  degradation 

There i s  l i t t l e  i n  the l i t e r a t u r e  t h a t  repo r t s  sub jec t i ng  dosage forms 

A paper by L loyd Kennon (6) con- t o  e i t h e r  k i n e t i c  o r  accelerated t e s t i n g .  

sidered the need f o r  t e s t i n g  the f i n i s h e d  product. By l i m i t i n g  the heat 
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1556 DAVIS 

o f  a c t i v a t i o n  t o  20 Kcal/mole, he rearranged the Arrhenius equation i n  such 

a way t o  a l l ow  var iab les o f  t ime and temperature and developed an easy t o  

f o l l o w  scheme o f  p r e d i c t i n g  e x p i r a t i o n  dates. 

s t r i c t i o n  o f  20 Kcal/mole might be unnecessari ly conservative since most drug 

substances probably have a heat o f  a c t i v a t i o n  f a r  greater .  For instance, the 

l i t e r a t u r e  repor ts  t h a t  ascorb ic  ac id  and epinephrine have heats o f  a c t i v a t i o n  

as h igh as 24 and 23 Kcal/mole, respec t i ve l y .  (7) (8)  Both o f  these drugs 

are genera l ly  considered t o  be e a s i l y  degradable compared t o  most. 

the average heat o f  a c t i v a t i o n  repor ted i n  h i s  a r t i c l e  was 19.8 Kcal/mole, 

Kennon notes t h a t  these heats o f  a c t i v a t i o n  necessar i ly  f a l l  i n  a range which 

made study o f  the react ions convenient. 

out  t h a t  many drug compounds' degradation react ions must have heats o f  a c t i -  

vat ion higher than those he references. 

I be l i eve  t h a t  Kennon's re -  

While 

He also, q u i t e  reasonably, po in ts  

Yang and Roy (9)  and Fung (10) independently analyzed nly proposed st ress 

t e s t  o f  40°C-75%-3 months concluded t h a t  f o r  products w i t h  a heat a c t i v a t i o n  o f  

a t  l e a s t  25.8 Kcal/mole the t e s t  i s  v a l i d .  

c e r t a i n  assumptions. 

dat ion was held a t  a constant o f  10% loss.  

t e s t  should show less than 10% degradation over the th ree  month i n t e r v a l ,  

one could u t i l i z e  the parameters fo r  compounds w i t h  heats o f  a c t i v a t i o n  

p ropor t i ona te l y  l ess  than 25.8 Kcal/mole. 

based upon the paper by Yang and Roy and shows t h a t  should degradation be 

as low as 10% a f t e r  three months a t  4OoC and 75% r e l a t i v e  humidity, the 

corresponding heat o f  a c t i v a t i o n  would be 25.8 Kcal/mole. 

o ther  hand, shows the same p l o t  b u t  a l lows f o r  on l y  5% degradation. 

these condit ions, the threshold energy could be any value i n  excess o f  17 

Kcal/mole. 

These researchers, o f  course, made 

One was tha t ,  i n  order  t o  make the equation work, degra- 

Therefore, i f  an accelerated 

As an example, Figure 1 i s  

Figure 2, on the 

Under 

Witthaus (11) a lso reviewed my proposal bu t  used a somewhat d i f f e r e n t  

approach. 

o r  i t  can be estimated by analogy, a p r e d i c t i o n  o f  e x p i r a t i o n  date i s  poss i -  

b l e  even a f t e r  t e s t i n g  a t  on l y  one storage temperature, and presents a unique 

nomogram f o r  easy ext rapolat ion.  

He po in ts  ou t  t h a t  i f  the a c t i v a t i o n  energy i s  known beforehand, 

Witthaus a l so  repo r t s  t h a t  the laws o f  
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L o s s  a f t e r  3 months a t  40°C 
and 75% r e l a t i v e  humidity.  

Figure 1 

reac t i on  k i n e t i c s  do n o t  apply o n l y  t o  l i q u i d  dosage forms, b u t  i n  numerous 

cases can a lso be app l i ed  t o  s o l i d  and semi - l i qu id  dosage forms. 

However, I must emphasize t h a t  those condi t ions p rev ious l y  o u t l i n e d  f o r  

a one temperature accelerated t e s t  are on l y  one se t  o f  many p o s s i b i l i t i e s  

and are minimal f o r  es tab l i sh ing  a two year t e n t a t i v e  e x p i r a t i o n  date. A 

mult i- temperature study w i l l  c e r t a i n l y  prov ide more i n fo rma t ion  and probably 

a more v d l i d  est imate o f  product s t a b i l i t y .  

chosen may requ i re  a longer t e s t  pe r iod  a t  l ess  harsh cond i t i ons  i f  the 

product i s  known t o  degrade a t  h igh  temperatures, such as s o f t  g e l a t i n  

capsules might, o r  i f  i t  should have a completely d i f f e r e n t  pathway o f  chemical 

degradation a t  h igher  temperatures. 

a l l ,  reasonable. 

es tab l i sh  a t e n t a t i v e  e x p i r a t i o n  date based s o l e l y  upon a s i n g l e  p o i n t  h igh  

The type o f  accelerated study 

Whichever t e s t  chosen should be, above 

Current ly ,  there does no t  appear t o  be j u s t i f i c a t i o n  t o  
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1558 DAVIS 

2 y e a r  
e x p i r a t i o n  

p e r i o d  

I ! \  I 1 

I 
I 
I 
I 

I r l l l , l , , , ' , , , l  

1 2 1 0 E  6 4 2 0 
% Loss a f t e r  3 months a t  40°C 
and 75% r e l a t i v e  h u m i d i t y .  

F i g u r e  2 

temperature study o f  on l y  a few days. 

on a p l o t  based on the Arrhenius equation, i t  i s  nonetheless, too r i s k y  t o  

accept such a study when one considers t h a t  a p a t i e n t  might receive an 

unsafe o r  i n e f f e c t i v e  drug i f  the p r e d i c t i o n  i s  i n  e r r o r .  

While such a t e s t  may appear v a l i d  

The u t i l i z a t i o n  o f  accelerated t e s t i n g  f o r  e s t a b l i s h i n g  e x p i r a t i o n  dates 

must be conservat ive ly  appl ied, no t  on l y  t o  the t e s t  condi t ions,  b u t  t o  the 

circumstances j u s t i f y i n g  such t e s t i n g .  

ducing a new drug e n t i t y  i n t o  the market w i t h  an e x p i r a t i o n  date based s o l e l y  

on an accelerated study, t he re  are many circumstances where accelerated t e s t s  

are considered adequate. 

s t rength t o  a product l i n e ;  a change o f  formulation; a change o f  manufacturing 

process; o r  a change of conta iner  and/or c losure.  

While most would n o t  consider i n t r o -  

Examples would be the a d d i t i o n  o f  a new dosage 

Extending an e x p i r a t i o n  date beyond t h a t  a l ready establ ished might a l so  
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GMP ASPECTS 1559 

be accomplished through the use o f  accelerated studies. I f  one accepts the 

concept t h a t  an accelerated t e s t  provides s u f f i c i e n t  i n fo rma t ion  t o  p r e d i c t  

a per iod o f  t ime a product should remain w i t h i n  spec i f i ca i tons ,  one can a l so  

extend the same p o l i c y  t o  increas ing an a l ready establ ished e x p i r a t i o n  da t i ng  

period. I f  a product which has been shown t o  meet s p e c i f i c a t i o n s  a f t e r  s t o r -  

age a t  room temperature f o r  a pe r iod  o f  one year  i s  now subjected t o  th ree  

months storage a t  4OoC and 75% r e l a t i v e  humid i ty  and s t i l l  meets spec i f i ca t i ons ,  

i t  seems reasonable t h a t  the product could now be labeled w i t h  a three year  

e x p i r a t i o n  dat ing per iod.  Room temperature s tud ies would, o f  course, have 

t o  be conducted t o  v e r i f y  t h i s  t e n t a t i v e  e x p i r a t i o n  date. I t  i s  impor tant  

t o  again be reasonable i n  ex t rapo la t i ng  an e x p i r a t i o n  d a t i n g  pe r iod  i n  t h i s  

manner. 

18.7 Tentat ive Exp i ra t i on  Dating 

The purpose o f  a l lowing f o r  t e n t a t i v e  exp r a t i o n  dates i s  t o  permi t  

manufacturers t o  market t h e i r  drug products w i  hout hardship when they e i t h e r  

o f f e r  a generic product t o  the marketplace o r  make a change i n  an e x i s t i n g  

product. 

a t e n t a t i v e  e x p i r a t i o n  da t i ng  pe r iod  t h a t  would be beyond what i s  needed by 

the manufacturer t o  be reasonably competit ive, o r  t h a t  would be beyond t h a t  

t i m e  pe r iod  where market s t a t i s t i c s  have determined the product would be 

consumed. 

years seems t o  have become t h a t  usua l l y  appl ied, although longer  per iods are 

sometimes u t i l i z e d .  

I n  so doing, there seems t o  be l i t t l e  r a t i o n a l e  f o r  e i t h e r  s e t t i n g  

For these reasons, a t e n t a t i v e  e x p i r a t i o n  da t i ng  pe r iod  o f  two 

18.8 M ic rob io log i ca l  Aspects 

When determining the s t a b i l i t y  o f  a p a r t i c u l a r  product, i t  i s  impor tant  

t o  consider n o t  on l y  the chemical and phys ica l  s t a b i l i t y  o f  the product, b u t  

a l so  the  a b i l i t y  o f  t h a t  product t o  mainta in  i t s  m ic rob io log i ca l  q u a l i t y .  

I n  so doing, i t  i s  important t o  monitor any preservat ives i n  the product 

along w i t h  other  i ng red ien ts  r e g u l a r l y  monitored f o r  s t a b i l i t y .  

have argued t h a t  t he  preservat ive i s  n o t  an a c t i v e  i ng red ien t  and, therefore,  

While some 
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1560 DAVIS 

does no t  requ i re  monitoring, I have countered by saying t h a t  1 )  there i s  no 

requirement t h a t  l i m i t s  t e s t i n g  t o  a c t i v e  ingredients  only, and 2 )  the pre- 

servat ive performs an a c t i v e  r o l e  i n  mainta in ing product i n t e g r i t y  and the re fo re  

should be r o u t i n e l y  monitored. 

be determined by performing the t e s t s  spec i f i ed  i n  the USP. (12) 

The ef fect iveness o f  t he  preservat ive can 

Once ef fect iveness o f  a p a r t i c u l a r  q u a n t i t y  o f  preservat ive f o r  a 

p a r t i c u l a r  product has been establ ished by moni tor ing a t  l e a s t  t h ree  batches 

o f  the product, a chemical t e s t  may be performed on subsequent batches t o  

monitor the preservat ive l e v e l .  

ab le l i t e r a t u r e  studies may be referenced. 

advantages o f  speed, economy, quan t i t a t i on ,  and the a b i l i t y  t o  a l l ow  f o r  

re1 i a b l e  estimations. 

I n  l i e u  o f  es tab l i sh ing  ef fect iveness,  s u i t -  

The chemical t e s t  has the  obvious 

Those preparations r e q u i r i n g  con t ro l  o f  the m ic rob ia l  q u a l i t y  t h a t  do 

n o t  conta in  preservat ives should be tes ted  a t  s p e c i f i c  i n t e r v a l s  throughout 

the pro jected e x p i r a t i o n  da t i ng  per iod according t o  the release s p e c i f i c a t i o n  

f o r  bioburden which includes a l i m i t  f o r  t o t a l  m ic rob ia l  count and f o r  the 

presence o f  .%taphyLococcun u#~eu&, Eochehickia co&, SaXmoneRea species, and 

Poedomomh amuginona (see Microbia l  L i m i t s  Test o f  the LISP). (13) I n  

addi t ion,  i t  i s  recommended t h a t  t o p i c a l  preparations be tested f o r  the 

absence o f  Poeudomonm cepacek, A n p a g a u d  n i g e h ,  Candida d b i c m ,  and 

SLapkeococcus auheun as we l l  as any o the r  t o p i c a l  pathogens t h a t  may be 

i d e n t i f i e d  as p o t e n t i a l l y  harmful. Simulated use t e s t s  on t o p i c a l  prepara- 

t i o n s  packaged i n  j a r s  and on ophthalmic products are des i rab le.  

18.9 Recommended In format ion 

I n  order t o  determine whether a f i r m  i s  i n  compliance w i t h  GMP regulat ions,  

there must be an exchange o f  in format ion from the f i r m  t o  the agency so t h a t  

t h i s  evaluat ion may be accomplished. 

f o l l ow ing  in format ion be obtained i n  order t o  evaluate a products s t a b i l i t y .  

The agency has recommended t h a t  t he  

1. A d e t a i l e d  desc r ip t i on  o f  the standard operat ing procedures cover- 

i n g  the f i r m ' s  o v e r a l l  product s t a b i l i t y  program inc lud ing  such 

items as: 
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a. 

b. 

C .  

d. 

e. 

f. 

9. 

1561 

Frequency o f  sampling. 

Sample s i ze .  

Testing i n t e r v a l s .  

Descr ip t ion o f  sample storage condi t ions.  

General desc r ip t i on  o f  analyses and s tud ies t o  be performed. 

Parameters o f  acceptable a n a l y t i c a l  r e s u l t s .  

Conditions which may a l low dev ia t i ons  from standard p rac t i ces .  

2. Deta i led desc r ip t i on  o f  the protocol  used t o  study the product i n  

question; the study may address the chemical , physica l  , and micro- 

b i a l  q u a l i t y  o f  the product. 

Descr ip t ion o f  the actual  storage condi t ions f o r  t he  batches i n  the 

study, i .e. , temperature and humidity; r e p o r t  i f  actual  storage 

condi t ions d i f f e r  from any prescr ibed by the product l a b e l i n g  and, 

i f  so, exp la in  r a t i o n a l e .  

Copies o f  complete cu r ren t  l a b e l i n g  which l i s t s  storage requirements 

f o r  the product. 

Documentation which repo r t s  the  f o l l o w i n g  f o r  each batch i n  the 

s t a b i l i t y  study: 

a. Batch number. 

b. Date o f  manufacture. 

c. Formulation. 

d. 

3. 

4. 

5. 

Container and c losure system, i n c l u d i n g  composition, l i g h t  

transmittance, s ize,  and q u a n t i t y  o f  contents. 

Date placed on s t a b i l i t y  study. e. 

f. Dates o f  t es t i ng .  

6.  The i n i t i a l  release and s t a b i l i t y  t e s t  r e s u l t s ;  i nc lude  a l l  data 

t h a t  measures chemical, phys ica l ,  and, when appl icable,  m ic rob ia l  

q u a l i t y  o f  the product; inc lude data from any accelerated study, 

descr ib ing storage condi t ions (temperature and r e l a t i v e  humid i ty) ,  

storage per iod,  dates, and r e s u l t s  o f  t es t i ng .  

Note: Summaries o f  t e s t i n g  are acceptable, provided actual  r e s u l t s  

are repor ted i n  l i e u  of conclusions. For example, i f  pH i s  measured, 
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1562 DAVIS 

the t e s t  summary should r e p o r t  the actual  value, instead o f  a pass 

o r  f a i l  conclusion. 

A statement whether s t a b i l i t y  t e s t i n g  has been d iscont inued and, 

i f  so, repo r t  the r a t i o n a l e  f o r  the discontinuance. 

Copies o f  t e s t i n g  methodology; i t  i s  n o t  necessary t o  supply copies 

o f  any compendia1 methods used, ra the r ,  c i t e  exact references; submit 

copies o f  any method v a l i d a t i o n  s tud ies t h a t  demonstrate the  prec is ion,  

accuracy, r e p r o d u c i b i l i t y ,  and ruggedness o f  the method. 

State whether the assay methodology i s  considered t o  be s t a b i l i t y  

i nd i ca t i ng ;  inc lude s c i e n t i f i c  r a t i o n a l e  and any support ive a n a l y t i c a l  

data; s t a t e  whether add i t i ona l  t e s t i n g  i s  performed t o  de tec t  de- 

gradation products and, i f  so, describe the a d d i t i o n a l  t e s t i n g .  

State whether there i s  any w r i t t e n  s t a t i s t i c a l  analys is  o f  s t a b i l i t y  

t e s t i n g  resu l t s ;  i f  so, submit a copy. 

o f t e n  used t o  generate potency regress ion curves which may be 

usefu l  i n  p r e d i c t i n g  the s t a b i l i t y  o f  a product. 

7. 

8. 

9. 

10. 

A s t a t i s t i c a l  ana lys i s  i s  

I f  a f i r m  i s  us ing d i f f e r e n t  t e s t  methods as o r i g i n a l l y  employed i n  

r studies, the r a t i o n a l e  and any appropr ia te data demonstrating compara- 

ty  o f  the methods should be submitted. S i m i l a r l y ,  i f  a f i r m  does n o t  

have s p e c i f i c  s t a b i l i t y  i n fo rma t ion  requ i red  because they are e x t r a p o l a t i n g  

i n  some manner, t h e i r  r a t i o n a l e  f o r  ex t rapo la t i on  and the data base from 

which ex t rapo la t i on  was made should a l so  be submitted. 

the 

b i  1 

18.10 Summary 

The preceding i s  t o  prov ide guidance t o  the reader on the var ious 

aspects o f  s t a b i l i t y  t e s t i n g  as o u t l i n e d  i n  the  GMP regu la t i ons .  

expressed are s o l e l y  those o f  the author and do n o t  necessar i ly  r e f l e c t  p o l i c y  

and/or opinions o f  the Food and Drug Admin is t ra t ion.  

The views 

REFERENCES 

1 .  Code o f  Federal Regulations, T i t l e  21 - Food and Drugs, Par ts  210 
and 211 (1982). 

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.



GMP ASPECTS 1563 

2.  

3. 

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

1 1 .  

12. 

13. 

Nyqvist, H. and Nicklasson, M . ,  "Studies on the physical p roper t ies  o f  
t a b l e t s  and t a b l e t  excipients .  
s t a b i l i t y  t e s t i n g , "  Acta Pharm. Suec. , 19, 91-98 (1982). 

Lachman, L . ,  Lieberman, H . A . ,  and Kanig, J.L., The Theory and Prac t ice  
o f  Industr ia l  Pharmacy, 2nd ed. ,  181-182 and 209-210, Lea and Febiger, 
Phi 1 adel p h i  a (1 976). 

Unites S ta tes  Pharmacopeia, XX, System S u i t a b i l i t y  Tests  , xl and 945- 
946 (1980). 

United S ta tes  Pharmacopeia, XX, Single-Unit Containers and Unit-Dose 
Containers f o r  Capsules and Tablets , 955 (1980). 

Kennon, L .  , "Use o f  Models i n  Determining Chemical Pharmaceutical 
S t a b i l i t y , "  J .  Pharm. S c i . ,  2, ( 7 ) ,  815-818 (1964). 

Mcleod, H . A .  , P e l l e t i e r ,  O . ,  and Campbell, J.A., Canadian Pharm. J .  , 
March, 173 (1958). 

Schroeter, L . C . ,  and Higuchi, T . ,  J .  Pharm. Sc i .  , 47, 426 (1958). 

Yang, W .  and Roy, S . ,  "Projection o f  Tentative Expiry Date from One- 
point  Accelerated S t a b i l i t y  Test ing,"  
Pharmacy, 5 (6) ,  591-604 (1980). 

IV A program f o r  accelerated l i g h t  

Drug Development and Indus t r ia l  

Fung ,  H., Presentation a t  the 1 2 8 t h  APhA Annual Meeting, S t .  Louis, MO, 
March 30, 1981. 

Witthaus, G., "Accelerated Storage Tests :  Predict ive Value," Topics i n  
Pharmaceutical Sciences, Breirner and Speiser, 275-290, Elsevier ,  
Nether1 ands (1 981 ) . 
United S ta tes  Pharmacopeia, XX, Antimicrobial Preservat ives  - Effect iveness ,  
873-874 (1980). 

United S ta tes  Pharmacopeia, XX, Microbial L i m i t  Test, 874-878 (1980). 

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.




