
International Journal of Pharmaceutics, 45 (1988) 79-89 

Elsevier 

79 

IJP 01518 

Accelerated physical stability testing and long-term predictions 
of changes in the crushing strength of tablets stored 

in blister packages 

Gregory E. Amidon and Kenneth R. Middleton 
The Upjohn Company, Kalamazoo, MI 49001 (U.S.A.) 

(Received 6 November 1986) 

(Modified version received 5 November 1987) 

(Accepted 5 January 1988) 

Key words: Physical stability; Relative humidity; Compressed tablet; Moisture sensitivity; 
Tablet crushing strength; Blister packaging; Physical model; Oscillating relative humidity; 

Accelerated testing 

Summary 

A physical model is presented which permits the amount of sorbed moisture and the crushing strength of compressed tablets 

stored in blister packages to be predicted based on a knowledge of: (1) tablet moisture sensitivity; (2) package moisture permeability; 

and (3) relative humidity storage conditions. The tendency of tablets to sorb water can be characterized in approximately one week 

by storing unprotected tablets at several relative humidities. This information, in combination with package moisture permeability 

data, permits changes in tablet crushing strength and sorbed moisture to be made under a variety of storage and packaging 

conditions. These predictions are useful in establishing long-term stability testing protocols. They are also useful in predicting what 

tablets stored in blister packages might reasonably be expected to experience in the market place where short-term and long-term 

oscillating conditions are likely to occur. Theoretical predictions based on the physical model indicate that, in general, tablets stored 

in relatively permeable blister packaging materials will be protected from large, short-term humidity fluctuations of several hours or 

days. Long-term fluctuations due to monthly and seasonal variations in humidity will be important. Tablets stored in relatively 

permeable blister packages at relative humidities representative of marketplace conditions can be expected to experience humidities 

varying between 30% and 70% while less permeable packages will show less variation. This suggests that oscillating unprotected 

tablets between 30% and 708 relative humidity every 2-3 days for a 2-3-week period may produce changes similar to those observed 

for tablets stored in marketed blister packages. Tablets tested using these conditions showed changes in crushing strength similar to 

those packaged in blister packages and used in a 3-year field study. The theoretical predictions and experimental results emphasize 

the importance of matching the dosage formulation characteristics to the package material and testing conditions. In this way, a more 

rational selection of packaging material and testing protocols can be made. 

Introduction 

The physical stability of 
and in particular compressed 

solid dosage forms, 
tablets, is of obvious 

importance to the formulation scientist. For exam- 
ple, changes in the friability, disintegration, dis- 
solution, and crushing strength of tablets are in- 
fluenced by storage conditions. A number of re- 
ports in the literature have also discussed the 
process of moisture penetration through packag- 
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commercially available desiccant pellets in unit 
dose repackaging materials to characterize the per- 
meability of the packages to moisture. Mizrahi et 
al. (1970) combined the mass transfer characteris- 
tics of packaging materials with chemical stability 
information to predict the extent of browning of 
dehydrated cabbage. Veillard et al. (1979) used a 
similar model to characterize the diffusion of water 
vapor through polyvinylchloride blister packaging. 
The authors concluded that the effect of moisture 
sorption on tablet crushing strength is dependent 
on the formulation and that it is necessary to 
consider the characteristics of the formulation 
when selecting a package. Nakabayashi et al. 
(1980a and b) also used a similar physical model 
to predict the shelf-life of tablets stored in blister 
packaging under varying temperature and humid- 
ity conditions. Excellent agreement between pre- 
dicted and observed results were obtained. Accel- 
erated testing conducted at 45°C was proposed 
by Nyqvist and Lundgren (1982) as a useful tool 
for predicting tablet sorption and crushing strength 
profiles at 25°C. 

This article discusses. the influence of: (1) 
package permeability; (2) tablet moisture sensitiv- 
ity; and (3) storage conditions on the crushing 
strength of compressed tablets stored in blister 
packages. These properties can be incorporated 
into the proposed physical model and allow useful 
long-term physical stability predictions to be made. 
This approach permits changes in tablet crushing 
strength to be predicted under a variety of storage 
conditions. With this information, suitable accel- 
erated stability studies can be designed and 
packaging requirements more rationally selected. 

The effects of oscillating relative humidity on 
the physical stability of compressed tablets are 
also addressed. Predictions are made and results 
from accelerated testing are compared with data 
obtained on compressed tablets stored in blisters 
at several locations worldwide for a 3-year period. 

While not addressed specifically in this study, a 
similar approach may be useful for predicting 
other changes in tablet properties such as disin- 
tegration and dissolution. Other packages for 
which moisture permeation data is available, such 
as glass bottles, etc., may also be evaluated as can 
other dosage forms such as capsules. 

Theory 

A schematic diagram of the physical model 
similar to that of previous investigators (Mizrahi 
et al., 1970; Veillard et al., 1979; Nakabayashi et 
al. 1980a and b) is shown in Fig. 1. The blister 
packaging material surrounding the dosage form is 
a diffusional barrier to the movement of water 
vapor from one side of the package to the other. 
Inside the package is a compressed tablet or some 
other moisture sorbing material such as a capsule. 
It is assumed in this physical model that an 
instantaneous equilibrium is established between 
the water vapor inside the blister cavity and the 
dosage form and that all components are in ther- 
mal equilibrium. The direction and rate of water 
movement is, of course, dependent upon the con- 
centration gradient of water across the package 
material. Two additional kinetic processes may be 
of some importance under certain situations. It is 
possible that a concentration gradient of water 
vapor could exist within the package cavity. How- 
ever, this is not a serious consideration for blister 
packages because of the small volume and dis- 
tance between the package membrane and the 
dosage form. It is likely to be a concern, however, 
if other packages such as bottles are considered 
since substantial volumes and distances can be 
involved. The rate of moisture uptake by the 
dosage form may also need to be considered in 
some cases. For the compressed tablets studied, 
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Fig. 1. Schematic diagram of physical model. 
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In this study a linear relationship is assumed to
exist:

where K is a measure of the capacity of the
dosage form to sorb moisture, and J¥;, is the
predicted tablet weight at 0% relative humidity.

The moisture content of the compressed tablet
is given by:

equilibrium moisture content was achieved rela
tively rapidly (approximately 3 days). This is con
sidered rapid compared to the water vapor trans
mission through the membrane. It can therefore
be assumed that the rate determining step in the
overall transport of water vapor is the blister
package membrane.

For this physical model, the flux of water
through the membrane can be written:

~ =KCi + J¥;, (4)

(1)
(5)

where J is the steady-state flux of water vapor
through the package membrane, Pm is the per
meability of the membrane, Co is the concentra
tion of water vapor outside the package, and Ci is
the concentration of water vapor inside the
package.

Because thermal equilibrium is assumed, the
water vapor concentration is directly proportional
to the percent relative humidity. Simple inter
conversion is therefore possible. Water vapor con
centration is used in all calculations but, for con
venience, much of the discussion will use % rela
tive humidity (RH). Mass balance considerations
lead to the following relationship for the flux:

where A is the area of the membrane and dM/dt
is the rate of change of mass with respect to time.

The total mass of water, M, in the inner cavity
of the package is equal to the mass of water in the
vapor phase plus that sorbed to the tablet. In
general, however, the mass of water sorbed to the
dosage form is much greater than that in the
vapor phase so that the total mass of water inside
the cavity is essentially equal to that sorbed to the
tablet.

A relationship between water vapor concentra
tion, Cj , and tablet weight, ~, can be determined
experimentally and can take a variety of forms. In
general:

(8)

(6)

(7)

M=KC - (KC -M) e-APmt/Ko 0 0

Transport under constant humidity conditions
Eqn. 7 can be integrated assuming that the

external water concentration, Co, is maintained
constant. The moisture content of the dosage forms
as a function of time, t, is then given by:

which relates the rate of moisture change, dM/dt,
to the tablet moisture sensitivity, K; the package
permeability, Pm; and the storage conditions, Co.

where M o is the moisture content of the dosage
form at t = O. From Equation 8, the moisture
content of the dosage form, M, can be calculated
a priori if the package permeability, Pm' the exter
nal water concentration, Co, the area of the
package, A, and the moisture characteristics of
the dosage form, M; and K are known.

Transport with varying humidity storage conditions
When the external relative humidity, i.e. water

vapor concentration, outside the package varies as
a function of time, Co can be written in the
general form:

and:

Combining Eqns. 1, 2 and 6 yields the following
differential equation:

(3)

(2)J = (l/A)(dM/dt)

where f( C;) can be a complex function. Co = g(t) (9)
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where g( t) describes the water concentration over
the time interval of interest. Eqn. 7 can then be
written in the form of a linear first-order differen
tial equation:

dM/dt+ (APm/K)M= (APm)g(t) (10)

In these studies, Eqn. 9 is written in the form of a
polynomial:

(11)

The solution to Eqn 10 is then:

(12)

TABLE 1

Formulation A
mg rtab
199
99.5

1.5

300.0

Formulation B
mg rtab
482.5

12.5

5.0

500.0

Lactose NF - Hydrous spray process
Microcrystalline cellulose NF

(AVICEL PH 101, FMC)
Magnesium stearate NF - powder

Dibasic calcium phosphate dihydrate USP
(Emcompress, Edward Mendell)

Sodium starch glycolate NF
(Explotab, Edward Mendell)

Magnesium stearate NF - powder

where a = APm/K

B = A . P {A 2 _ 2A3 }
3 m a a2

(13)

(14)

(15)

(16)

(17)

Units (SCU). Formulation C is a proprietary
lactose-microcrystalline cellulose based direct
compression formulation for which 3 years of
physical stability data obtained under several en
vironmental conditions is available. Tablet crush
ing strength was determined using a hardness tes
ter (Heberlein and Co.) and tablet weight was
determined using a calibrated electronic labora
tory balance. Desiccant pellets (Grade 944 indicat
ing pellets, Davison Chemicals) were used to de
termine the moisture permeability of the blister
packages.

Using Eqn. 12, it is possible to calculate the
moisture sorbed to a tablet when the external
environment changes according to Eqn. 11.

Materials and Methods

Tablet formulations
Three direct compression tablet formulations

were tested for moisture sensitivity. Two formula
tions are given in detail in Table 1. Formulation A
is a 2: 1 mixture of lactose and microcrystalline
cellulose. Formulation B is a dibasic calcium
phosphate dihydrate based formulation. Both for
mulations were compressed to an initial tablet
crushing strength of approximately 9 Strong-Cobb

Package materials
Two types of blister packaging material were

tested: (1) 0.0075 inch polyvinyl chloride (PVC)
film (Klockner-Pentaplast) and (2) 0.0075 inch
polyvinyl chloride with a 0.0015 inch laminate
of polymonochlorotrifluoroethyene (PCTFE)
(ACLAR, Techni-Plex). The blisters used in this
study were backed with an impermeable foil. The
circular blister cavities containing compressed
tablets were 0.45 cm high with a diameter of 1.2
cm and a total surface area of approximately 2.8
crrr'. The dimensions of the circular cavities con
taining desiccant pellets were 0.85 em high with a
diameter of 1.5 cm and a total surface area of
approximately 5.8 cnr'.
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Tablet characterization 
Equilibrium moisture sorption isotherms were 

obtained at relative humidities ranging from ap- 
proximately 25% to 95% using chambers contain- 
ing water saturated with different salts. The cham- 
bers were stored at room temperature (21-22”(Z). 
The relative humidity was checked periodically 
with a calibrated hygrometer and deviated by no 
more than 3% relative humidity over the course of 
the study. A sufficient number of tablets were 
placed in disposable plastic Petri dishes and stored 
in the chambers. Periodically, 5 tablets were re- 
moved and the crushing strength determined. To 
determine weight changes due to moisture sorp- 
tion, 10 tablets were weighed and placed in a 
separate Petri dish. These tablets were periodically 
weighed and the results recorded. This procedure 
measures the additional moisture sorbed to the 
tablet when exposed to a given relative humidity. 
It does not take into account the initial moisture 
content of the tablet and measures only that water 
which is easily exchanged with the vapor phase. 

Formulation C was subjected to oscillating rel- 
ative humidity conditions by alternating tablets 
between 70% RH and 30% RH every 2-3 days at 
room temperature. The crushing strength of 5 
tablets was determined as described above at each 
time point. 

Compressed tablets in blister packages were 
stored at 25’ C and 93% RH. Ten tablets, each in 
a separate cavity, were removed periodically and 
the crushing strength immediately determined. 
Data was collected over a 5-week period. 

Package permeability studies 
To determine the permeability of the packaging 

material to moisture vapor, desiccant pellets were 
sealed into blister cavities. Packages were stored at 
25OC and 93% RH. Periodically, the weight of the 
desiccant pellets and package were determined. At 
the same time, the weight of a similar blister 
package without pellets was determined. In this 
way, a correction for the weight gain of the 
packaging material could be made and an accurate 
determination of desiccant weight gain obtained. 

Field study 
The proprietary direct compression formulation 

(Formulation C) was packaged in PVC and PCTFE 

laminated material and placed on stability at 5 
locations worldwide; (1) Barceloneta, Puerto Rico, 
(2) Mexico City, Mexico, (3) Tokyo, Japan, (4) 
Jakarta, Indonesia, and (5) Crawley, U.K. Person- 
nel at each location were asked to store the 
packages in a convenient place which would best 
represent normal indoor temperature and humid- 
ity conditions for products stored in their respec- 
tive geographic areas. Samples were returned to 
Kalamazoo periodically for testing. 

Results and Discussion 

The average amount of water taken up by a 
single desiccant pellet stored in a blister cavity at 
25 o C and 93% RH is shown in Fig. 2. The slope 
of the line, dM/dt, is a measure of the permeabil- 
ity of the blister package material. For the PVC 
package, approximately 1.06 mg of water vapor 
diffuses through a 5.8 cm* package per day. The 
PCTFE laminated package material has a permea- 
bility of approximately 0.11 mg per day per 5.8 
cm*. The membrane permeability, P,,,, can be 
calculated from Eqn. 7 assuming C, = 2.141 X 

lo-* mg/cm3 (93% RH at 25’ C), a package area 
of 5.8 cm*, and a water vapor concentration in- 
side, Ci, equal to zero due to the presence of the 
desiccant pellet. The permeability for PVC is 9.91 
x lop5 cm/s and for the PCTFE laminate, P, is 
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Fig. 2. Moisture transmission through PVC (0) and PCTFE 
laminated (A) blister packages stored at 25 o C and 93% relative 

humidity. Package area = 5.8 cm’. 
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Fig. 3. Change in tablet crushing strength and tablet weight of 

Formulation A stored at different relative humidities: n , 25%, 

q , 65%; a, 75%; 0,95%. 

1.03 X 10m5 cm/s. These results are approximately 

2 times lower than the water vapor transmission 
rates reported by the manufacturers for PVC and 
PCTFE and determined by ASTM procedures. 
The difference may, in part, be due to the dif- 
ferences in the test conditions: ASTM procedures 

require testing at 37.8O C and 90% RH. 
The changes in crushing strength and tablet 

weight of compressed tablets of Formulations A 
and B exposed to various relative humidities at 
room temperature are shown in Figs. 3 and 4. The 
crushing strength decreased at high humidities for 
the two formulations. The equilibrium tablet 
weight of the two formulations increased when 
exposed to humidities greater than 60%. For the 
lowest humidity, both formulations lost weight, 
they were essentially being dried at 25% RH. The 

tablets reached constant weight and crushing 

strength after l-3 days. 

Fig. 5A and 5B show the linear relationship 
between tablet weight and relative humidity for 

the two formulations. The slope is related to the 
capacity factor, K, given in Eqn. 4: for Formula- 

tion A, K = 558; for Formulation B, K = 382. 

A linear relationship also exists between crush- 
ing strength, CS, and relative humidity for these 

formulations at equilibrium (Fig. 6A and B). 

For Formulation A: 

CS = 13.37 - 493Ci 

For Formulation B: 

(18) 

CS = 12.06 - 318Ci (19) 

Changes in the crushing strength of compressed 
tablets stored in blister packages at 25 * C and 93% 

5 i 1 
00 0 I 2 3 4 5 

Days 

Fig. 4. Change in tablet crushing strength and tablet weight of 

Formulation B stored at different relative humidities: H, 25%; 

q ,60%; .,7OW; o, 95%. 
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305

510

(20)

For Formulation A in PVC packaging t 90 % = 57
days while for the PCTFE laminate packaging

crushing strength for tablets in PVC blisters. The
effect of different package permeabilities is also
apparent. The selection of appropriate sample
times for stability studies must take these factors
into account. For the formulations packaged in
PVC blisters at 25 0 C and 93% RH, a stability
study longer than 6-8 weeks will yield little ad
ditional information. The predictions based on
Eqn. 8 provide excellent guidance in setting up an
appropriate physical stability testing program for
this type of constant humidity study.

Careful inspection of Eqn 8 shows that the
internal relative humidity.Cj, changes slowly even
for the permeable PVC material. For example,
rearranging Eqn. 8 and assuming M; = 0, the time
it takes a tablet to reach 90% of the new moisture
equilibrium condition is:
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Fig. 6. A: tablet crushing strength of Formulation A as a
function of relative humidity. B: tablet crushing strength of

Formulation B as a function of relative humidity.

RH have also been determined and are shown in
Fig. 7A for Formulation A and in Fig. 7B for
Formulation B. A priori theoretical predictions
are shown by the solid lines in these figures. The
theoretical predictions are based on the membrane
permeability, tablet properties, and storage condi
tions as given in Eqn. 8. The moisture content, M,
of the dosage form is calculated and the corre
sponding crushing strength calculated from Eqns.
6, 18 and 19. In general, there is good agreement
between theory and experimental results although
the changes in crushing strength decreased some
what more rapidly than predicted for Formulation
A in PVC blisters.

Fig. 7A and 7B also demonstrate the interplay
between package permeability and tablet moisture
sensitivity. For example, the crushing strength of
Formulation B is less sensitive to moisture and
this shows up in Fig. 7B as a less drastic change in

o 20 40 60 80 100

% Relative Humidity
Fig. 5. A: tablet weight of Formulation A as a function of
relative humidity. B: tablet weight of Formulation B as a

function of relative humidity.
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15

(21)

where t is day of the year (January 1 = 1; Decem
ber 31 = 365) and % RH is the percent relative
humidity. Other periodic functions could equally
well describe the humidity conditions.

Theoretical predictions using Eqns. 21 and 12
provide insight into what realistic variations in
tablet moisture content and crushing strengths
might be. Figs. 9 and 10 show predictions over a
several year period for Formulation A assuming
that the relative humidity, and hence Co, outside
the package is represented by Eqn. 21. For con
venience, the relative humidity inside the package
is shown in the figures and not tablet moisture
content or crushing strength values. It is clear
from Fig. 10 that the PCTFE laminate offers
superior package protection compared to the PVC
material for Formulation A (Fig. 9). In PVC, the

%RH = 31 + 0.143t + 1.3 X 1O- 3t 2

Long-term theoretical predictions under condi
tions of oscillating outside relative humidity can
be made based on Eqn. 12 assuming that the
equations relating moisture content and humidity
apply under oscillating conditions. Fig. 8 shows
the average daily relative humidity in New Orleans,
LA for 1980 (U.S. Department of Commerce,
1980) corrected to a temperature of 25 0 C. New
Orleans was chosen for this study because it ap
peared to have the most "hostile" environment of
the United States cities considered. The humidity
was corrected by assuming that cool outside air
was warmed to 25 0 C without the addition of
additional water vapor. No cooling (air condition
ing) was assumed to occur in the summer period,
although this would likely reduce the humidity.
The humidity rarely exceeded 80% in the summer
months and was substantially lower in the winter
when corrected for warming. In fact, the outside
relative humidity is generally higher in the winter
months in New Orleans; the average daily relative
humidity was often in the 80-100% range during
the winter in 1980. The solid curve in Fig. 8 shows
a polynomial regression line. The following poly
nomial describes the daily variation in relative
humidity:
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t9O% = 547 days. Clearly, short-term fluctuations
of several hours or days duration would have little
effect on the formulations in the packages tested
here.

The physical model is also useful in predicting
the effects of varying the outside relative humid
ity, Co. Exposure to normal environmental condi
tions such as those likely to be experienced in the
marketplace is a relatively complicated situation.
Large short-term daily fluctuations can be ex
pected and are superimposed on more gradual
seasonal variations. Eqns. 12 and 20 provide a
way of determining the importance of these rapid
short term fluctuations and longer seasonal varia
tions.

Weeks

Fig. 7. A: tablet crushing strength changes of Formulation A
as a function of time for tablets stored in PVC (0) and PCfFE
laminate (0) blister packages. Solid line is theoretical predict
ion. B: tablet crushing strength changes of Formulation B
as a function of time for tablets stored in PVC (0) and
PCTFE laminate (0) blister packages. Solid line is

theoretical prediction.
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Fig. 10. Predicted relative humidity inside a PCTFE laminated
blister package with oscillating outside relative humidity for
Formulation A. Solid line is external humidity given by Eqn.

21; dashed line is predicted relative humidity inside package.
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Fig. 8. Relative humidity as a function of day of the year
(January 1=1; December 31=365) in New Orleans, LA for
1980. Relative humidity in the winter months corrected
to 25 0 C. Solid line is least-squares regression line

given in Eqn. 21.

relative humidity inside the package mirrors the
.outside humidity quite closely. Note, however,
that realistically it appears that variations from
about 30% RH to 70% RH can be expected even
in the permeable PVC package under the condi
tions specified. For the PCTFE laminate material,
the relative humidity inside the package shows the
same oscillation pattern but the range is from a
high of about 60% RH to a low of about 50% RH.

Obviously the PCTFE laminate provides increased
protection in this case. Similar predictions can be
made for Formulation B and similar profiles are
obtained. Based on Eqn. 20, short-term fluctua
tions of several hours or days can be ignored even
for PVC packaging.

Fig. 11 depicts the profile for a formulation
with a capacity factor 1/4 that of Formulation A
stored in the PCTFE laminate blister. The oscilla-
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Fig 9. Predicted relative humidity inside a PVC blister package
with oscillating outside relative humidity for Formulation A.
Solid line is external humidity given by Eqn. 21; dashed line is

predicted relative humidity inside package.
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Fig. 11. Predicted relative humidity inside a PCTFE laminated
blister package with oscillating outside relative humidity for a
formulation with 1/4 the moisture capacity of Formulation A.
Solid line is external humidity given by Eqn. 21; dashed line is

predicted relative humidity inside package.
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Fig. 12. Variation in tablet crushing strength of Formulation C 
as a function of time for tablets stored in PVC blister packages; 
o, Puerto Rico; A, Mexico; +, Japan; X, Indonesia; 

O,fW=d. 

tion in relative humidity inside the package is 
more dramatic than is seen in Fig. 10. The profile 
in PVC blisters would deviate only slightly from 
that seen in Fig. 9. For this hypothetical case the 
PCTFE laminate may offer no substantial im- 
provement in protection. Clearly package permea- 
bility and dosage form moisture characteristics 
must be considered together in choosing a suitable 
package material. 

The results of a 3-year field study using Formu- 
lation C are shown in Figs. 12 and 13 for tablets 
stored in PVC and PCTFE laminated packaging. 
One can see a periodic oscillation in the crushing 
strength of the tablets in both types of packaging. 
Once again, the PCTFE laminate offers somewhat 
better protection than the PVC. The crushing 
strength is frequently about 1 SCU greater for 
tablets in the PCTFE laminated package. Also of 
interest is the fact that two of the most humid 
locations (Puerto Rico and Indonesia) show sub- 
stantial reductions in crushing strength compared 
to the other locations. Furthermore, there is an 
overall continual decrease in crushing strength at 
all locations. This suggests that, as tablets are 
exposed to oscillating humidity, changes in crush- 
ing strength may not be completely reversible - 
leading to an overall drop in crushing strength 
with time. 

To investigate the effect of oscillating relative 

o-&---i_- III I / 

0 6 12 18 24 30 36 

Months 

Fig. 13. Variation in tablet crushing strength of Formulation C 
as a function of time for tablets stored in PCTFE laminated 
blister packages: 0, Puerto Rico; A, Mexico; +, Japan; 

X , Indonesia; 0, England. 

humidity on the crushing strength of Formulation 
C, unprotected tablets were oscillated between 
30% and 70% RH at room temperature every 2-3 
days. The results are shown in Fig. 14. Osci~ating 
between 30% and 70% relative humidity was done 
since these conditions were predicted to be chal- 
lenging yet reasonable conditions for Formulation 
C tablets stored in PVC blister packages. A pat- 
tern representative of that seen for tablets stored 
in Puerto Rico and Indonesia was observed. There 
was some oscillation of crushing strength and a 

o-C--;--y-b 1 / I I I I 

0 8 10 12 14 16 18 

Days 

Fig. 14. Changes in the crushing strength of unprotected 
Formulation C tablets as a function of time and exposed to 

oscillating relative humidity conditions. 



general trend toward decreasing hardness. A limit
ing value of the crushing strength of approxi
mately 2-3 SCU was obtained in the accelerated
conditions and a similar value was seen in the
field study. Humidity variations between 45% and
65% RH were predicted for these tablets in PCTFE
laminated packages and, in general, tablets in this
type of package showed less of a drop in crushing
strength.

Conclusions

This study has demonstrated that the tablet
moisture sensitivity of compressed tablets can be
characterized in approximately one week by stor
ing unprotected tablets at several relative humidi
ties. Using the simple physical model described
here, this information, in combination with
package moisture permeability information, per
mits changes in tablet crushing strength to be
predicted under a variety of storage and packag
ing conditions. These predictions are useful in
establishing long-term stability testing protocols
and also in predicting what tablets stored in blis
ter packages might reasonably be expected to ex
perience in the market place where short-term and
long-term oscillating conditions are likely to oc
cur. Theoretical predictions based on the physical
model indicate that tablets stored in relatively
permeable, PVC blister packages can be expected
to experience humidities between 30% and 70%
RH. Accelerated testing under these conditions
using tablets not protected by packaging materials
yielded results consistent with those obtained from
a 3-year field study. Tablets in less permeable
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PCTFE laminated packages are predicted to expe
rience smaller variations and smaller changes in
tablet crushing strength. These results suggest that
meaningful accelerated testing conditions can be
predicted using a simple physical model. It is
possible to match the dosage formulation char
acteristics to the package material and testing
conditions. In this way, a more rational selection
of packaging material and testing protocols can be
made.
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