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Additional Sources of Information about Specific Topics in Validation and Data Analysis

Analytical Data—Inter- Design and Analysis Validation of Com-
pretation and Treatment of Biological Assays pendial Procedures Biological Assay Chapters
(1010) aitn (1225) (1032), (1033), and (1034)
Means X
Standard deviations X
Standard errors X
Non-normality X X
Nonconstant
variance X X
Outliers X X
Tests X
Confidence intervals X X
Validation X X
Combining results
from multiple as-
says X X

25 (USP35)

Delete the following:

5(1150) PHARMACEUTICAL
STABILITY

The term “stability,” with respect to a drug dosage form,
refers to the chemical and physical integrity of the dosage
unit and, when appropriate, the ability of the dosage unit to
maintain protection against microbiological contamination.
The shelf life of the dosage form is the time lapse from
initial preparation to the specified expiration date. The mon-
ograph specifications of identity, strength, quality, and pu-
rity apply throughout the shelf life of the product.

The stability parameters of a drug dosage form can be
influenced by environmental conditions of storage (tempera-
ture, light, air, and humidity), as well as the package com-
ponents. Pharmacopeial articles should include required
storage conditions on their labeling. These are the condi-
tions under which the expiration date shall apply. The stor-
age requirements specified in the labeling for the article
must be observed throu%hout the distribution of the article
(i.e., beyond the time it leaves the manufacturer up to and
including its handling by the dispenser or seller of the article
to the consumer). Although labeling for the consumer
should indicate prodper storage conditions, it is reco?nized
that control beyond the dispenser or seller is difficult. The
beyond-use date shall be placed on the container label.

Stability Protocols

Stability of manufactured dosage forms must be demon-
strated by the manufacturer, using methods adequate for
the purpose. Monograph assays may be used for stability
testing if they are stability-indicating (i.e., if they accurately
differentiate between the intact drug molecules and their

degradation products). Stability considerations should in-
clude not only the specific compendial requirements, but
also changes in physical appearance of the product that
would warn users that the product’s continued integrity is
questionable.

Stability studies on active substances and packaged dos-
age forms are conducted by means of “real-time,” long-
term tests at specific temperatures and relative humidities
representing storage conditions experienced in the distribu-
tion chain of the climatic zone(s) of the country or region of
the world concerned. Labeling of the Eackaged active sub-
stance or dosage form should reflect the effects of tempera-
ture, relative humidity, air, and Ii?ht on its stability. Label
temperature storage warnings will both reflect the results of
the real-time storage tests and allow for expected seasonal
excursions of temperature.

Controlled Room Temperature

Controlled room temperature (see Storage Temperature
and Humidity in Preservation, Packaging, Storage, and Label-
ing under General Notices and Requirements) delineates the
allowable tolerance in storage circumstances at any location
in the chain of distribution (e.g., pharmacies, hospitals, and
warehouses). This terminology also allows patients or con-
sumers to be counseled as to appropriate storage for the
product. Products may be labeled either to store at “Con-
trolled room temperature” or to store at temperatures “up
to 25°” where labeling is supported by long-term stability
studies at the designated storage condition of 25°. Con-
trolled room temperature limits the permissible excursions to
those consistent with the maintenance of a mean kinetic
temperature calculated to be not more than 25°. See Mean
Kinetic Temperature. The common international guideline for
long-term stability studies specifies 25 + 2° at 60 + 5% rela-
tive humidity. Accelerated studies are specified at 40 £ 2°
and at 75 £ 5% relative humidity. Accelerated studies also
allow the interpretation of data and information on short-
term spikes in storage conditions in addition to the excur-
sions allowed by controlled room temperature.

The term “room temperature” is used in different ways in
different countries, and for products to be shipped outside
the continental U.S. it is usually preferable for product label-
ing to refer to a maximum storage temperature or tempera-
ture range in degrees Celsius.
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Mean Kinetic Temperature

Mean Kinetic Temperature (MKT) is defined as the single
calculated temperature at which the total amount of degra-
dation over a particular period is equal to the sum of the
individual degradations that would occur at various temper-
atures. Thus, MKT may be considered as an isothermal stor-
age temperature that simulates the nonisothermal effects of
storage temperature variation. It is not a simple arithmetic
mean. MKT is calculated from temperatures in a storage fa-
cility. The temperatures for calculating MKT can be conven-
iently collected using electronic devices that measure tem-
peratures at frequent intervals (e.g., every 15 minutes). MKT
can be calculated directly or the data can be downloaded to
a computer for processing. For dispensing sites, such as
pharmacies and hospitals, where the use of such instru-
ments may not be feasible, devices such as high-low ther-
mometers capable of indicating weekly high and low tem-
peratures over a 52-week period may be employed. The
arithmetic mean of the weekly high and low temperatures is
then used in the calculation of MKT. MKT is calculated by
the following equation (derived from the Arrhenius
equation):

T = AH/R
k In[e—AH/Rﬁ + e HRTy e—AH/RTn]

n

in which Ty is the mean kinetic temperature; AH is the heat
of activation, 83.144 k| - mole-' (unless more accurate infor-
mation is available from experimental studies); R is the uni-
versal gas constant, 8.3144 x 10-3 k] - mole-! - degree-'; T is
the value for the temperature recorded during the first time
period, e.g., the first week; T, is the value for the tempera-
ture recorded during the second time period, e.g., second
week; and T, is the value for the temperature recorded dur-
ing the nth time period, e.g., nth week, n being the total
number of storage temperatures recorded (minimum of 52
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weekly entries) during the annual observation period.
[NoTE—AIl temperatures, T, are absolute temperatures in de-
grees Kelvin (K).]

The following is an example of a typical storage and dis-
tribution temperature range in Kelvin degrees and the con-
version factors used to convert this range into degrees Fah-
renheit and Celsius.

Kelvin (K)
288.1-303.1

Fahrenheit (°F)
59-86

Celsius (°C)
15-30

Conversion Factors:

Fahrenheit to Kelvin = {[(°F — 32) x 5/9] + 273.1}
Celsius to Kelvin = 273.1 + °C

Fahrenheit to Celsius = [(°F — 32) x 5/9]

Climatic Zones

For convenience in planning for packaging and storage,
and for stability studies, international practice identifies four
climatic zones, which are described in Table 1. The United
States, Europe, and Japan are characterized by zones | and
Il. The values in Table 1 are based on observed temperatures
and relative humidities, both outside and in rooms, from
which mean kinetic temperatures and average humidity val-
ues are calculated.” Derived values are based on inspection
of data from individual cities and on allowances for a mar-
gin of safety in assignment of these specified conditions.

1 The source of the data and information in Table 1 is the International Con-

ference on Harmonization sponsored by the International Federation of Phar-
maceutical Manufacturers Associations.
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Table 1. International Climatic Zones

Climatic Zone °C* °C MKT**

Calculated Data

Derived Data
% %

RH mbar*** °C RH mbar

I. Temperate 20.0 20.0
Japan

United Kingdom
Northern Europe
Canada

Russia

United States

42 9.9 21 45 11.2

Il. Mediterranean, Subtropical 21.6 22.0
United States
Japan
Southern Europe
(Portugal-Greece)

52 13.5 25 60 19.0

Ill. Hot, Dry 26.4 27.9
Iran
Iraq
Sudan

35 11.9 30 35 15.0

IV. Hot, Humid 26.7 27.4
Brazil
Ghana
Indonesia
Nicaragua
Philippines

76 26.6 30 70 30.0

* Data recorded as <19° calculated as 19°.
** Calculated mean kinetic temperature.
*** Partial pressure of water vapor.

A discussion of aspects of drug product stability that are
of primary concern to the pharmacist in the dispensing of
medications may be found under Stability Considerations in
Dispensing Practice {1191).

Inasmuch as this chapter is for purposes of general infor-
mation only, no statement herein is intended to modify or
supplant any of the specific requirements pertinent to phar-
maceutical preparations, which are given elsewhere in this
Pharmacopeia.mzs (usr3s)

Add the following:

B(1238) VACCINES FOR HUMAN
USE—BACTERIAL VACCINES

INTRODUCTION

An overview of vaccines for human use is presented in
Vaccines for Human Use—General Considerations (1235). Bac-
terial vaccines can be derived from whole cells, either killed
or attenuated in their ability to cause disease, or from some
component(s) of the intact cell that are important for viru-
lence or damage to the host. Another subset of bacterial
vaccines, derived from toxins, is the toxoids. Bacterial vac-
cine products can be mixtures of components from different
species, from different strains or different serotypes of the
same species, or from different components from cells of
the same species.

The simplest bacterial vaccines consist of the purified cell-
surface capsular polysaccharides (CPS) from organisms such
as Salmonella enterica serovar Typhi, various meningococcal
serogroups, or pneumococcal serotypes that cause meningi-

tis, otitis media, acute respiratory infections, and pneumo-
nia. Although the typhoid vaccine consists of a single poly-
saccharide, the meningococcal vaccines contain as many as
four serogroup-specific CPS, and the pneumococcal vaccine
contains 23 serotypes.

The immunological response to meningococcal and pneu-
mococcal polysaccharides, and to the capsular polysaccha-
ride from Haemophilus influenzae type b (Hib), is improved
by covalent attachment of the CPS or an oligosaccharide
derived from it to a suitable carrier protein. The immunolog-
ical response to these glycoconjugate vaccines is elicited via
immunologic Eathways different from those induced by pu-
rified polysaccharides, creates a T-cell-dependent response,
and establishes immunological memory. The carrier proteins
are typically bacterial toxoids or bacterial outer membrane
protein vesicles but may also be from other sources. For
these products, anti-CPS antibodies aﬁpear to be sufficient
to protect against disease, although the glycoconjugate vac-
cines also may reduce carriage of the organisms in the naso-
pharynx. Due to the complexity of their manufacturing
processes, glycoconjugate vaccine products tend to contain
fewer serotype or serogroup components than do the re-
lated purified polysaccharide vaccines.

Many bacterial pathogens, including those that cause
diphtheria and tetanus, produce toxins that kill tissue. Im-
munological neutralization of these toxins is sufficient to
prevent disease. These subunit vaccines consist of chemically
detoxified toxins (toxoids) purified from culture supernatant
and are capable of eliciting neutralizing antibodies against
the native toxin.Other types of purified subunit and purifica-
tion processes may be developed.

Although earlier pertussis vaccines consisted of myriad
chemically inactivated whole-cell and toxin components,
current acellular products contain various combinations of
specific purified proteins, sometimes toxoided (e.g., fimbriae
and other cell-surface protein components). Compared to
older products, these vaccines apparently produce protec-
tion by a different mode of action but have a lower inci-
dence of adverse events. A combination of diphtheria and
tetanus toxoids and an acellular pertussis vaccine form the
core components of many polyvalent pediatric and adult
combination vaccines. To these may also be added an Hib



