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of the estimate that for every 10°C decrease in storage temper-
ature the shelf-life doubles. This is only true, however, if the ac-
tivation energy of the reaction(s) that causes degradation is 15
kecal/moles. The activation energy, E,, for many chemical pro-
cesses related to the degradation of a drug substance/product is
typically within the range of 10 to 25 kcal/moles.

The equation below shows a way of calculating the Qarvalue
that may be used to estimate the affect of temperature on shelf
life.

E{l L
Qur = EXP{E i )] a

where, Qar is a factor (multiplier/divisor) used to estimate the
change in the reaction rate constant with change in tempera-
ture, AT. E, is the activation energy established for a reaction
An approximation for the change in reaction rate constants
due to the temperature effects are shown in the table below.

Ea Qs 10 15
(kcal/mole) (25 to 30°C) (25 to 35°C) (25 to 40°C)
10 1.32 1.73 2.24
15 1.52 2.27 3.36
20 1.75 2.99 5.04
25 2.01 3.93 7.55

Therefore, the old rule of thumb that a reaction rate doubles
with every 10°C is only true if the reaction has an activation en-
ergy between 10 to 15 keal/mole (Qo = 1.73 and 2.27, respec-
tively). Q15 is useful for understanding the relationship of ICH
accelerated temperature of 40°C has with controlled room tem-
perature at 25°C. Materials made and packaged for clinical
studies are usually tested at an accelerated condition in order
to predict that the packaged material will be stable for the du-
ration of the clinical study. A material stable for one month at
accelerated temperature (40°C) supports that the material
stored at room temperature should be stable for at least 3
months. This true only when the activation energy of the degra-
dation process is about 15 keal/mole (@5 factor = 3.36) [In
other words, a reaction at 40°C should be 3.36 times faster than
the same reaction at 25°C; or the reaction will take 3.36 times
longer at 25°C than at 40°C)].

The technique of estimating the shelf life of a formulation
from its accumulated stability data has evolved from examining
the data and making an educated guess through plotting the
time-temperature points on appropriate graph paper and
crudely extrapolating a regression line to the application of rig-
orous physical-chemical laws, statistical concepts, and comput-
ers to obtain meaningful, reliable estimates.

A simple means of estimating shelf life from a set of com-
puter-prepared tables has been described by Lintner et al.® This
system was developed to select the best prototype formulation on
the basis of short-term stability data and predict both estimated
and minimum shelf-life values for the formulation. It is a middle-
ground approach between the empirical methods and the mod-
ern, rigorous statistical concepts. All calculations can be made
readily by hand, and the estimated values can be obtained easily
from appropriate tables. The system assumes that

1. Shelf-life predictions can be made satisfactorily for lower temper-
atures using the classical Arrhenius model from data obtained at
higher temperatures.

2. The energy of activation of the degradation reaction is between
10 and 20 keal/mol (this is a safe assumption, as Kennon® has
noted that rarely are drugs with energies of activation below 10
keal/mol used in pharmacy, and for values as high as 20
keal/mol, the error in the shelf-life prediction will be on the con-
servative side).

3. The rate of decomposition will not increase beyond that already
observed.

4. The standard deviation of the replicated assays is known or can
be estimated from the analytical data.

This concept further assumes that the degradation reaction fol-
lows zero- or pseudo-zero-order kinetics. For data correspond-
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ing to a zero-, first-, or second-order degradation pattern, it is
impossible to distinguish one order from another with usual an-
alytical procedures, when the total degraded material is not
large. In addition, shelf-life calculations assuming zero-order
kinetics are more conservative than those for higher orders.

This middle-ground system is useful in creating the experi-
mental design for the stability study. The formulator has the
opportunity to study various combinations of parameters to try
to optimize the physical-statistical model. One can check the ef-
fect of improving the assay standard deviation, running addi-
tional replicates, using different time points, and assuming var-
ious degradation rates and energies of activation on the
stability of the test formulation.

MecMinn and Lintner later developed and reported on an in-
formation-processing system for handling product stability
data.” This system saves the time of formulators in analyzing
and interpreting their product stability data, in addition to
minimizing the amount of clerical help needed to handle an
ever-increasing assay load. For products such as those of vita-
mins, for example, where large overages are required, the sta-
tistical portions of this advanced technique aid the manufac-
turer to tailor the formula composition to obtain the desired
and most economical expiration dating.

This system stores both physical and chemical data and re-
trieves the information in three different formats (one of which
was designed specifically for submitting to regulatory agen-
cies). It analyzes single-temperature data statistically by anal-
ysis of covariance and regression or multiple-temperature data
by weighted or unweighted analysis using the Arrhenius rela-
tionship; provides estimates of the shelf life of the preparation
with the appropriate confidence intervals; preprints the assay
request cards that are used to record the results of the respec-
tive assay procedures and to enter the data into the system; and
produces a 5-yr master-stability schedule as well as periodic 14-
day schedules of upcoming assays.

As mentioned above, a portion of the advanced system ana-
lyzes the stability data obtained at a single temperature by
analysis of covariance and regression. This analysis is based on
the linear (zero-order) model

Y,‘_‘f = B,X,J + O + Eif (2)

where Y;; is the percentage of label of the jth stability assay of
the ith lot, X;; is the time in months at which Y;; was observed,
B: and «; are the slope and intercept, respectively, of the re-
gression line of the ith lot, and &, is a random error associated
with Y};. The random errors are assumed to be identically and
independently distributed normal variables with a zero mean
and a common variance, o-.

A summary of the regression analysis for each individual lot
and for the combination of these lots, plus a summary of the
analyses of covariance and deviation from regression is pre-
pared by the computer.

Because the computer combines, or pools, the stability data
from the individual lots, irrespective of the statistical integrity
of this step, the pooled data are examined for validity by the F
test. The mean square of the regression coefficient (slope) is di-
vided by the mean square of the deviation within lots, and sim-
ilarly, the adjusted mean (y intercept) is divided by the common
mean square to give the respective F ratios. The latter values
then are compared with the critical 5% F values. When the cal-
culated F values are smaller than the critical F values, the data
may be combined, and the pooled data analyzed.

A printout for the combined lots as well as for each indi-
vidual lot provides the estimated rate of degradation and its
standard error in percentage per month for each ingredient.
The Student t value is calculated from these estimates and
tested for significance from zero. When the ¢ value is signifi-
cant, the printout contains an estimate of the shelf life with
the appropriate confidence interval. When the ¢ value is not
significantly different from zero, estimates of the minimum
and projected shelf-life values are made. In addition, coordi-
nates of the calculated least-squares regression line with ap-







pharmacist unless otherwise indicated in a compendial mono-
graph. In general, repackaging of pharmaceuticals is inadvis-
able. However, if repackaging is necessary, the manufacturer
of the product should be consulted for potential stability
problems.

A pharmaceutical container has been defined as a device
that holds the drug and is, or may be, in direct contact with the
preparation. The immediate container is described as that
which is in direct contact with the drug at all times. The liner
and closure traditionally have been considered to be part of the
container system. The container should not interact physically
or chemically with the formulation so as to alter the strength,
quality, or purity of its contents beyond permissible limits.

The choice of containers and closures can have a profound ef-
fect on the stability of many pharmaceuticals. Now that a large
variety of glass, plastics, rubber closures, tubes, tube liners, etc
are available, the possibilities for interaction between the pack-
aging components and the formulation ingredients are im-
mense. Some of the packaging elements themselves are subject
to physical and chemical changes that may be time-tempera-
ture dependent.

Frequently, it is necessary to use a well-closed or a tight con-
tainer to protect a pharmaceutical product. A well-closed con-
tainer is used to protect the contents from extraneous solids or
a loss in potency of the active ingredient under normal com-
mercial conditions. A tight container protects the contents from
contamination by extraneous materials, loss of contents, efflo-
rescence, deliquescence, or evaporation and is capable of tight
re-closure. When the packaging and storage of an official arti-
cle in a well-closed or tight container is specified, water-perme-
ation tests should be performed on the selected container.

In a stability program, the appearance of the container, with
special emphasis on the inner walls, the migration of ingredi-
ents onto/into the plastic or into the rubber closure, the migra-
tion of plasticizer or components from the rubber closure into
the formulation, the possibility of two-way moisture penetra-
tion through the container walls, the integrity of the tac-seal,
and the back-off torque of the cap, must be studied.

GLASS—Traditionally, glass has been the most widely used
container for pharmaceutical products to ensure inertness,
visibility, strength, rigidity, moisture protection, ease of re-
closure, and economy of packaging. While glass has some dis-
advantages, such as the leaching of alkali and insoluble flakes
into the formulation, these can be offset by the choice of an ap-
propriate glass. As the composition of glass may be varied by
the amounts and types of sand and silica added and the heat
treatment conditions used, the proper container for any formu-
lation can be selected.

According to USP 26, glass containers suitable for packaging
pharmacopeial preparations may be classified as either Type I,
Type 11, Type 111, or type NP. Containers of Type 1 borosilicate
glass are generally used for preparations that are intended for
parenteral administration, although Type Il treated soda-lime
glass may be used where stability data demonstrates its suit-
ability. Containers of Type III and Type NP are intended for
packaging articles intended for oral or topical use.

New, unused glass containers are tested for resistance to at-
tack by high-purity water by use of a sulfuric acid titration to
determine the amount of released alkali. Both glass and plastic
containers are used to protect light-sensitive formulations from
degradation. The amount of transmitted light is measured us-
ing a spectrometer of suitable sensitivity and accuracy.

Glass is generally available in flint, amber, blue, emerald
green, and certain light-resistant green and opal colors. The
blue-, green-, and flint-colored glasses, which transmit ultravi-
olet and violet light rays, do not meet the official specifications
for light-resistant containers.

Colored glass usually is not used for injectable preparations,
since it is difficult to detect the presence of discoloration and
particulate matter in the formulations. Light-sensitive drugs
for parenteral use usually are sealed in flint ampuls and placed
in a box. Multiple-dose vials should be stored in a dark place.
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Manufacturers of prescription drug products should include
sufficient information on their product labels to inform the
pharmacist of the type of dispensing container needed to main-
tain the identity, strength, quality, and purity of the product.
This brief description of the proper container, e.g., light- resis-
tant, well-closed, or tight, may be omitted for those products
dispensed in the manufacturer’s original container.

PLASTICS—Plastic containers have become very popular
for storing pharmaceutical products. Polyethylene, polystyrene,
polyvinyl chloride, and polypropylene are used to prepare plastic
containers of various densities to fit specific formulation needs.

Factors such as plastic composition, processing and cleaning
procedures, contacting media, inks, adhesives, absorption, ad-
sorption, and permeability of preservatives also affect the suit-
ability of a plastic for pharmaceutical use. Hence, biological test
procedures are used to determine the suitability of a plastic for
packaging products intended for parenteral use and for poly-
mers intended for use in implants and medical devices. Sys-
temic injection and intracutaneous and implantation tests are
employed. In addition, tests for nonvolatile residue, residue on
ignition, heavy metals, and buffering capacity were designed to
determine the physical and chemical properties of plastics and
their extracts.

The high-density polyethylene (HDPE) containers, which
are used for packaging capsules and tablets, possess character-
istic thermal properties, a distinctive infrared absorption spec-
trum, and a density between 0.941 and 0.965 g/cm®. In addition,
these containers are tested for light transmission, water-vapor
permeation, extractable substances, nonvolatile residue, and
heavy metals. When a stability study has been performed to es-
tablish the expiration date for a dosage form in an acceptable
high-density polyethylene container, any other high-density
polyethylene container may be substituted provided that it, too,
meets compendial standards and that the stability program is
expanded to include the alternative container.

Materials from the plastic itself can leach into the formu-
lation, and materials from the latter can be absorbed onto,
into, or through the container wall. The barrels of some plas-
tic syringes bind various pharmaceutical preservatives. How-
ever, changing the composition of the syringe barrel from ny-
lon to polyethylene or polystyrene has eliminated the binding
in some cases.

A major disadvantage of plastic containers is the two-way
permeation or breathing through the container walls. Volatile
oils and flavoring and perfume agents are permeable through
plastics to varying degrees. Components of emulsions and
creams have been reported to migrate through the walls of
some plastics, causing either a deleterious change in the for-
mulation or collapse of the container. Loss of moisture from a
formulation is common. Gases, such as oxygen or carbon diox-
ide in the air, have been known to migrate through container
walls and affect a preparation.

Solid dosage forms, such as penicillin tablets, when stored in
some plastics, are affected deleteriously by moisture penetra-
tion from the atmosphere into the container.

Single unit does packaging in the form of blister packages are
often used to package capsule and tablet dosage forms. A typical
blister package is comprised of a polymeric film that is molded to
have a cavity into which the dosage form is placed. The polymer
film is then heat bonded to a paper backed foil liner.

As with plastic bottles, the blister package will allow a cer-
tain amount of moisture vapor permeation to occur, and this
must be a consideration when selecting the type of film used for
the package. The choice of packaging materials used depends
on the degree to which the product needs to be protected from
light, heat and moisture. Each material has different resistance
to each of these elements and will affect the shelf life and stor-
age conditions of the packaged pharmaceutical.

Polyvinylchloride (PVC) offers the least resistance to mois-
ture vapor permeation. Polyvinylidenechloride (PVdC) has
characteristics similar to PVC but offers superior resistance to
moisture vapor permeation. Aclar, which is a polychlorotrifluo-







