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The Food and Drug Administrution (FLU) is proposing 

t h a t  a s a t i s f a c t o r y  three-month s t a b i l i t y  t e s t i n g  of & 

drug product at 37 t o  40% and 75% or  higher r e l a t i v e  

humidity can be employed t o  p ro jec t  a t e n t a t i v e  expiry 

date of two years from the  date of manufacture. This 

proposal f-s t h e o r e t i c a l l y  analyzed and its l i m i t a t i o n  

is established. A successfu l  pro jec t ion  of t he  expiry 

date according t o  FDA's proposal depends on t h e  drug 

l e v e l  a t  t h e  end o f  the acce lera ted  s t a b i l i t y  t e s t i n g ,  

t h e  a c t i v a t i o n  energy, and the  temperature o f  t h e  

acce lera ted  condition and t h e  normal s torage  condition, 

The a p p l i c a b i l i t y  of t h i s  method in assess ing  t h e  sta- 

b i l i t y  characteristics of pharmaceutical formulations 

i n  t h e  d e v e l o p e n t  process is discuased. 

*Resen t  addreasr Pharmaceutical Product Development, 
Yead Johnson & Company, Evansville,  Indiana 47721. 
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592 

INTROCOCTf OA 

YANG AND ROY 

It is stated i n  t h e  Current Good Manufacturing 

Practice (GMP) t h a t  t h e  purpose of an expiry date for 

a pharmaceutical product is t o  assure that a drug p ~ o -  

duct meets applicable standard8 of ident i ty ,  strength, 

qual i ty ,  and purity a t  the t h e  of use. A n  expiry date 

is required for a l l  drug products except 8018 spec i f ic  

exemptions as determined by the Food and Drug Adminis- 

t ra t ion.  It is required that the e x p i r y  date be esta- 

blished through a sui tably designed s t a b i l i t y  t e s t ing  

program conducted under labeled storego conditions, 

however FDA also accepts, on the ten ta t ive  basis, t h e  

expiry dato projected from an accelerated stability 

tes t ing.  In  this connection, FM is proposing that a 

eat isfactory three-month s t a b i l i t y  tes t ing  o f  a drug  

product a t  37 t o  40% nnd 7s or higher r e l a t i v e  htrmb 

d i ty  can be employed t o  project a ten ta t ive  expiry date 

of two years from the  date of laanufacturs (1). Essen- 

t i a l l y  t h i 8  represent8 t h e  projection of a t en ta t ive  

expiry date from 8 one-point accelerated s t a b i l i t y  

teethg.  Thid propom1 has been subjected t o  a grea t  

deal o f  argument i n  the  pharmaceutical industry. This 

papar -3pes the propos81 c r i t i c a l l y  on the  theore- 

t i c a l  basi8 and establishes its limitations.  The appli-  

cab i l i ty  of t h i a  ono-point accelerated n t ab i l i t y  test-  
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PROJECTION OF TENTATIVE EXPIRY DATE 593 

ing in the aesessment of the s t a b i l i t y  characteriatics 

of a drug product i n  the developent stage is a180 

discussed. 

Assume that t h e  degradation of the drug i n  the 

produdt follows the first-order kinetics,  the integrated 

r a t e  equation i8 ,  

In A I ln A. - kt (Eq. 1) 

where A, is the i n i t i a l  drug level in the  product8 A, 

the drug level  remain- h the product a f t e r  a period 

o f  t h e ,  t r  and k, t h e  r a t e  constant. 

Eat's M h e r  a88ume that the degradation kinetic8 

obeys the Arrhenius relationship,  which is exprerrsed as 

f O l l O W 8  * 
1 1 

1 (4. 2) k2 Ea In-=-( - - -  
kl Tl *2 

where kl and k2 a r e  rate constants of the degradation 

a t  two different  temperatwee, T1 and T2 respectivelyi 

Ea, the activation energy of the degradation1 and R, 

the Constant. 

A s t a b i l i t y  atudy f o r  the product is performed a t  

T2 f o r  a wr iod  of timee t, it the drug level a t  t h e  

t is deteXminOd, it is then poeclible t o  calculate the 
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594 PANG AND ROY 

expiry date a t  a di f fe ren t  and lower temperature, T i ’  

using t h e  following steps. ( a )  Calculate the  rate cone- 

tan t  k2 a t  T2 u8ing Eq. 1. (b) If the sc t iva t ion  energy 

is know~l~ the r a t e  constant kl a t  T1 can be calculated 

from Eq. 2. ( c )  The r a t e  constant kl can be used t o  

calculate the expiry date a t  T1 wine Eq. 1 again. Note 

that, i n  this paperD t h e  expiry date is defined as the 

t i n e  required f o r  the drug leve l  of a product t o  reach 

906 of the initial level.  

By performing a se r i e s  of calculatione as descri- 

bed above wi th  d i f fe ren t  A values a t  time t at TO and 

different  Ea values, a fami ly  of curves can be cons- 

tructed when the expiry date a t  T1 is plotted versus 

the activation energy as shown in Figure 1. 

Similar curves can be constructed fo r  the degrada- 

t i o n  wi th  other k ine t ic  orders using appropriate r a t e  

equations. A computer program capable o f  calculating a 

series of such values m8 prepared. 

S AND DISCUSSION 

The curves shown i n  Figure 1 repreeent the relation- 

ship between the expiry date a t  25.C and 7% RH and the  

activation energy of a f i rs t -order  d e p d a t i o n  a t  diff-  

erent drug  leve ls  remaining a f t e r  three-month s t a b i l i t y  

tesing a t  40% and 75% RH. 
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PROJECTION OF TENTATIVE EXPIRY DATE 595 
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Figure 1 

Relationship among the expiry date a t  25.C and 
75% RH, activation energy o f  the degradation, and 
the drug l eve l  remaining at the end o f  three- 
month s tab l l i ty  testing at 40'C and 75$ RH 

The validity and the l b i t a t i o n  of FDA's proposal 

can be explained by the following argument. Assume that 

af ter  three-month s tab i l i ty  test ing at  40% and 75% RH, 
the drug l eve l  remaining is 9O$ of  the i n i t i a l  level  
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596 YANG AM) ROY 

(and thus sa t i s fac tory) ,  it can be calculated tha t  the 

activation energy required t o  s a t i s f y  FDA's two-year 

(24 months) projection t o  25% and 7% RH is 25.8 kcal/ 

mole. T h i 8  threshold act ivat ion energy is actual ly  the 

activation energy corresponding t o  the intersect ion o f  

the curve and the 2kaonth  horizontal l i n e  a s  shown i n  

Figure 1. A 8  can be seen, for t h i s  par t icular  Qaae, if 

the activation energy is  equal t o  or greater  than 25.8 

kcal/male, FDA's proposal is valid since the product 

has a t  leas t  24 months a s  the expiry date a t  25% and 

75s RH. However, FDA's proposal becomes invalid if the 

act ivat ion energy is smaller than 25.8 kcal/molr. Table 

1 presents the act ivat ion energy of the  degradation 

reactions f o r  the purpose of the comparison. 

These threahold act ivat ion energy required t o  I!I+ 

t i a f y  FDA's proposal a r e  plotted veraua the  drug l eve l  

remaining a f t e r  three-inonth s t a b i l i t y  tea t ing  a t  40 'C 

and 7% RH in Pigure 2. The following decision ru l e  can 

be fomulated for Figure 2 in determining whether or not 

one can make the projection as proposed by FDA. If the  

act ivat ion energy of the degradation i 8  equal t o  o r  

greater  than the ac t ipr t ion  energy value read f'roa 

figure 2 for a part icular  A value a t  the  end of t h e  

accelerated tes t ing,  FDA's proposal is v a l i d 1  otherwise 

the proposal is not v a l i d .  
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PROJECTION OF TENTATIVE EXPEHY DATE 597 

Figure 2 

Threshold activation energy t o  s a t i s f y  FDA's 
proposal a t  various d r u  l e v e l s  remaining at  
the end of three-month s tab i l i ty  testing a t  
40% and 7s RH 
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598 YANG AND ROY 

TABLE 1 

Activation Energy O f  Some Degradation Reactions 

Type of Reaction Activation Energy 
kcal/mole - 

As c orb1 c Oxidation 20 - 24 (2,3) 
Acid 

Acetaminophen Hydrolysis 17 (4) 
P e n i c i l l i n  G .  Hydrolysis i7.e - 20.9 ( 5 )  
Procaine 

Atropine Hydrolysis 17.2 ( 6 )  

Another f a c t o r  which can a f f e c t  the v a l i d i t y  of t h e  

projection of a t e n t a t i v e  expiry date is t h e  choicc  of 

the  temperature of e i t h e r  t h e  accelerat8d condi t ion or 

t he  normal s torage  condition, or both. Assume t h a t  t h e  

same product discussed previously is subjected t o  an 

accelerated s t a b i l i t y  t e s t i n g  a t  4O.C and 75s Rli ,  a t  

the end of  three-month period, t h e  drug l e v e l  remaining 

is 90% of the initial l eve l .  The curves in Figure 3 show 

the difference in the projected t e n t a t i v e  expiry da te  

a t  three different  normal s torage  temperatures: 30 , 25 

and 4'C. As expected, for a p a r t i c u l a r  a c t i v a t i o n  energy 

the loner t h e  normal storage temperature t h e  longer t h e  

projected expiry date. For example, i f  the a c t i v a t i o n  

energar is 20 kcal/aole, the projected expiry date is 

8.64 months a t  30%, 15.1 months a t  25%,  and 194.3 
months at 4%. 
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PROJECTION OF TENTATIVE EXPIRY DATE 599 

4 'C 2s .C 

I I $0 2'0 3b 46 
Activation Energy (kcal//uole) 

Figure 3 
Relationship between the expiry date at different 
normal storage temperatures and the activation 

rema 
of three-month stability testing at 40% and 

of the degradation when the drug l eve l  
ing is 90$ of the fnitial level at the end 

75s RH 
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600 YANC AND ROY 

To satisfy FDA's proposal for 2 k o n t h  projection 

of this particular product the threshold activation 

energy, as defined previously, 18 39.3 kcal/mole at 30'C, 

25.8 kcalimole at 25 %, and 9.97 kcal/mole at 4'C. There- 

fore, according to the decision rule elaborated previously 

FDA's proposed projection i s  not valid when the normal 

storage temperature is either 30 

table when that temperature is 4%. T h i s  deciaion is 

obviously dependent upon the drug level remaining at the 

end of the accelerated testing, For example, should that 

level br 955 of the initial level, then only the projec- 

tion made to 30% is not valid since in this case the 

threshold activation energy is 25.7 kcal/mole at 30 'C, 

16,8 kcal/mole at 25%'  and 6.5 kcal/mole at 4%. 

or 25.C. snd is accep 

It is thus apparent that FDA's proposal should be 

employed with caution. Wherther or not the projection 

of 8 tentative expAry date can be mds depends on the 

drug level at the end of the accelerated stability test- 

ing, the activation energy, and temperatures of the 

accelerated condition and the normal storage condition. 

Curves sidlar to that shown in Figure 2 can be 

constructed for d3fferent. projected expiry dates. These 

are shown in Figure 4 for 18, 24, 30,  and 36 months. 
These curves are very useful in screening formulations 
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PROJECTION OF TENTATIVE E)[pIKY DATE 60 1 

36 

36 

24 

13 I 

86 ' 88 ' 90 ' 9; ' 94 96 98 100 
A($ of Initial) after 3-hontli at 40C and 75s 

1. 

Figure 4 

i iH 

Threshold activation energy t o  satisfy different 
projected expiry dates at various drug l e v e l s  
remaining at the end of three-month stability 
testing at 40.C and 75s RH 
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502 YANC AND ROY 

in the development s tage,  For exmple,  a l i qu id  formu- 

l a t i on ,  buffered a t  pH 6 ,  w i t h  a projected expiry date  

of 30 months a t  25% and 75s RH w i l l  be developd.  One 

can prepare 8 few poseible formulations whfch are then 

subjected t o  s t a b i l i t y  s tud ies  a t  40.C and 75% RH for 
three months. If the  ac t iva t ion  energy of the degradation 

st pff 6 is known t o  be 20 kcal/mole, f t  can be seen 

immediately from Figure 4, for such system, that the  

formulation w i l l  have a t  least 30 months as t he  expiry 

date a t  25.C and 75% RH provided that the  drug l eve l  is 

a t  l e a s t  94.0$ of the  i n i t i a l  l e v e l  a t  the  end of t he  

J-nronth s t a b i l i t y  atudy a t  40'C and 75% RH (as i l l u s -  

t r a t e d  by the  dash l i n e s  in Figure 4). Thus formulations 

whfch do not meet the  requirement can be quickly elimi- 

nated a t  the  ear ly  s tage of t h e  developnent process. 

It should be emphasized that it is assumed that t he  

.4rrhenius r e l a t ionsh ip  holds t r u e  in this t h e o r e t i c a l  

discussion. For t h i s  assumption t o  be appl icable  all 

other  conditions should be kept constant except the  tern- 

perature in making the  projection. Thus when a t en t a t ive  

expiry date is projected t o  25% from an accelerated 

s t a b i l i t y  testing a t  40% and 7512 RH, it refers t o  the  

expiry date at 25% and 75% RIi . For drug products which 

are not s ens i t i ve  t o  nois ture ,  this projected t en ta t ive  

expiry date actually represents a worst s i t ua t ion .  It is 

also noted t h a t  the  assumption of t h e  Arrhenius r e l a -  
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PRWECTION OF TENTATIVE W X W  DATE 603 

t i o n s h i p  i n  t h i s  paper meam that  only chemical degra- 

dat ion of the  a c t i v e  ingredient is dfSCUSed, t h e  p h p  

o i c a l  s t a b i l i t y  c h a r a c t e r i s t i c s  of the  drug products is 

assumed t o  be satisfactory under the  accelerated condi- 

t ions .  For t h i s  reason, t h i s  discussion may be more 

appl icable  t o  the  solut ion dosage form than t o  solid 

and semi-solid dosage forms. 

The assumption of the  Arrhenius re la t ionship  is 

probably a reasonable one. Evidences showing that the  

drug degradation in various delivery systems rollows 

t h e  Arrhenius re la t ionship  a r e  numerous. In  addi t ion,  

the  temperature range for t h e  accelerated condition 

suggested In FDA's proposal (37-4O'C) is q u i t e  moderate. 

These temperatures most l i k e l y  do not induce a change 

i n  t h e  degradation mechanism of  t h e  a c t i v e  ingredient 

which is one of t h e  conditions tha t  must be s a t i s f i e d  

for the  Arrhenius re la t ionship  t o  be applicable. 

A nomographic chart which is a l s o  derived from 

Arrhenius re la t ionahip  was reported(?) t o  project t h e  

expiry date  a t  normal s torage condition, however, two 

accelerated conditions a r e  required f o r  this projection. 
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