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xcipient functionality” is one of the lat-
est buzz phrases, but it is frequently
used by those who have little under-

standing of the particular nature of excipients.
Excipients are not active pharmaceutical ingredi-
ents (APIs) and they do not treat medical condi-
tions. But without them, the therapeutic revolu-
tion of the past 50–60 years could not have
occurred. The watchwords for APIs and finished
products are—and rightly so—safety and efficacy.
Although the emphasis on APIs and analytical
chemistry has resulted in many very good meth-
ods for assay development and the determination
of purity (including impurities), it is clear that we
still lack the understanding and the means to de-
termine why some materials behave in certain
ways when included in a formulation (i.e., their
functionality).

Functionality can only be properly assessed in
the context of a particular formulation and manu-
facturing process. Because functionality is linked
inextricably to the formulation and process, and
all formulations are different, functionality per se
is a matter for the excipient user and supplier. It
would be impossible to establish a widely accepted
standard for a particular excipient’s functionality
in a pharmacopeia monograph. One formulation’s
functionality can be another formulation’s 
dysfunctionality.

However, certain excipient properties may re-
late to functionality in a more general sense and
can be controlled. In effect, these functionally re-
lated characteristics (FRCs) are surrogates for
functionality because they can be measured and
limits can be set.

In some instances, special requirements exist
relating to the route of administration of the drug
product in which an excipient is used. For exam-
ple, the approaches and considerations needed for
the excipients used in parenteral products are very
different from those for excipents used in con-
ventional oral administration. However, in the con-
text of functionality, those differences may be less
important and will not be discussed in detail here.
This discussion will focus on oral and other het-

erogeneous formulations in which functionality
is more obvious than with parenterals and the size
of the market has more potential for a greater eco-
nomic impact.

With the advent of FDA’s process analytical
technologies (PAT) initiative, a basic paradigm is
proposed that better-controlled products will re-
sult from improving control over the process. This
improved control, in turn, will rely on a better
characterization and understanding of excipients
and the characteristics that affect their perfor-
mance in the formulation and the process. How-
ever, process functionality and a finished prod-
uct’s performance may not be the same thing. For
example, the amount of magnesium stearate re-
quired for lubrication and the amount that will
cause changes in the dissolution of the finished
product are different. PAT relates to process per-
formances, not finished product performance.
But in many instances, it will be necessary to bal-
ance opposing requirements. From the previous
example, we require a thoroughly mixed blend of
the drug and the carrier materials, but would we
want to thoroughly mix (over mix) the magne-
sium stearate?

Sometimes excipients are available in different
qualities that are colloquially referred to as grades
such as technical or industrial grades. Outside the
United States, the terms denote lower-quality ma-
terials that are not intended for pharmaceutical
use. In this discussion, the term different grade
means a different physical grade, not a different
quality.

Many excipients for pharmaceutical use are
available in different grades. Pharmaceutical grades
frequently are differentiated by means of physi-
cal characteristics (e.g., the different grades of lac-
tose and microcrystalline cellulose). They may
also be chemically different (e.g., sodium starch
glycolate and polysorbate esters). Particularly for
excipients for which grade differentiation is de-
termined by means of one or more physical char-
acteristics, the reason for the grades is to change
the performance characteristics of the excipient.
Because we have separate grades with various
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FRCs, we obviously have the means to con-
trol the grades, and thereby, the excipient.
But sometimes, those physical tests are not
included in the pharmacopeia. A key ques-
tion for the inclusion of such tests in the
pharmacopeia monograph is whether the
tests that enable the differentiation of the
available pharmaceutical grades—to the
extent that it is wise for the pharmacopeias
to use tests for functionality-related char-
acteristics—are already included in either
a General Chapter or in a labeling section
of the pharmacopeia monograph.

For materials in which grades are dif-
ferentiated chemically, the reasons for the
grades can be either to cause a change in
the excipient’s performance in the for-
mulation (e.g., polysorbate esters), or to
avoid a chemical interaction that would
compromise the product (e.g., sodium
starch glycolate Type B). Sometimes, it is
both reasons.

We have the means to control certain
excipients in some ways, but there are dif-
ferent opinions about how do so. Some
experts believe that functionality should
be a mandatory test in the monograph.
Others feel that the tests that can differ-
entiate between pharmaceutical grades are
not appropriate for inclusion in a phar-
macopeia. This author believes that the
pharmacopeia monographs should in-
clude the tests that establish the safety of
the excipient and include the tests that are
necessary to differentiate between avail-
able pharmaceutical grades, but in a la-
beling section or an alternate section,
which will allow the necessary flexibility,
to include all different pharmaceutical
grades in the monograph.

It is probably unwise for the pharma-

copeias to go be-
yond this measure
because they do not
have the expertise,
understanding, or
resources to do so.
Including functional
tests is straightfor-
ward for materials
with grades differ-
entiated by means of
physical tests, but it
is more difficult
when the grades  are
chemically different.
For materials avail-

able in only one pharmaceutical grade, the
inclusion of appropriate tests for FRCs is
inherently less straightforward. In such
circumstances, there will be considerable
debate about which parameters should be
tested and what the limits should be.

Another trend is for excipient users to
demand tighter specifications from their
suppliers and lower prices. But concerns
exist about whether we are getting to the
stage at which users’ demands are ex-
ceeding manufacturers’ capabilities to de-
liver a product routinely that meets the
tighter specifications. Another supple-
mentary question that bears considera-
tion is how far the excipient manufactur-
ers can or should go to overcome the
problems associated with poorly formu-
lated products.

Excipients frequently are manufactured
in dedicated plants on a continuous basis.
In part because of the size of the plants,
variability is an inherent part of any pro-
duction process. For example, a temper-
ature difference exists between the fluid
coming into a pipe and the environment
outside the pipe. Therefore, there will be
a temperature variation across and along
the pipe. For a 1-in. diameter pipe, the
variation across the diameter of the pipe
could be quite small (ignoring, for the pur-
poses of this discussion, the differences
between laminar and turbulent flow).
However, for a 12-in. diameter pipe, the
potential exists for a much greater varia-
tion in the temperature across the diam-
eter of the pipe.

Some plants produce tens of thousands
of tons of excipients each year for various
industries. There will be some inevitable
differences between batches, but it is vital

that this variability is kept within accept-
able limits. Because the pharmaceutical
market may only represent a small per-
centage of a manufacturer’s total produc-
tion volume, it can be difficult to persuade
a company to work with unnecessary tight
controls for a small part of its output. If
these demands become unreasonable, the
manufacturer may simply decide to with-
draw from the pharmaceutical market, or
to drop its pharmacopeia designation. This
scenario recently occurred in the United
States with a supplier of Liquid Glucose
NF, although for reasons other than tighter
specifications. Whenever this situation oc-
curs and for whatever reason, the excipi-
ent user is put in a difficult position, par-
ticularly if no alternative source of
pharmaceutical-grade material is available.

Other important concerns that bear di-
rectly on FDA’s PAT initiative are the ex-
tent to which an excipient’s quality can be
improved without overburdening its price
and whether customers’ demands for
tighter specifications are now exceeding
the capability of the process. This scenario
will vary for each excipient, but it is an im-
portant point. If a manufacturer selects
batches for a particular customer because
of a tighter agreed specification, the other
batches should be suitable for other cus-
tomers. But if the specification generally
becomes tighter, the supplier may find that
it only can use every second batch, for ex-
ample. The remaining unusable batches
must be either reprocessed or reworked,
if permitted, thereby increasing costs.

In a large, dedicated plant, the size of the
equipment implies a certain capacity, which
also should not be ignored. Several years
ago, the author was working for an excip-
ient supplier and the company was ap-
proached by a customer for a tighter size-
specification for a product. The customer
was asked about its potential for com-
mercialization because the quantity used
in development would be small. The reply
was that it could be quite a big product
and the customer might buy 500 kg/year
when the market was established. The
client was very surprised to learn that the
smallest batch the facility could produce
was �10 tons because of the size of the
dedicated plant. The customer realized
that this was an uneconomic proposition

Table I: The principal grades of microcrystalline cellulose
and their defining characteristics.

Nominal particle Bulk Moisture
Grade size (�) density content (%)

pH 101 �55 medium 4–5%
pH 102 �110 medium 4–5%
pH 103 �55 medium �3%
pH 105 �20 medium/low 4–5%
pH 112 �110 medium �1.5%
pH 113 �55 medium �1.5%
pH 200 �180 medium 4–5%
pH 301 �55 high 4–5%
pH 302 �100 high 4–5%
coelus — low —
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and decided to consider an alternative for-
mulation.

The key to a successful formulation is
to understand the API, the excipients and
the process, and in particular, their limi-
tations. This is an important considera-
tion when developing robust formulations.
However, many companies have lost their
experienced formulation scientists for a
variety of reasons, including early retire-
ment plans, and many companies have
had to rebuild their experience bases
slowly. It is likely that the immediate ef-
fect of the loss of the formulators’ knowl-
edge was the development of less robust
formulations.

Although the means of controlling an
excipient’s physical grade exists, it must
also be noted that it is not known precisely
what causes most excipients to perform
the way they do. For example, at least ten
different grades of microcrystalline cellu-
lose exist (see Table I). For most grades,
there are also several suppliers. Several
trends are evident:
● an increase in particle size reduces

compaction properties
● an increase in particle size provides

better powder flow
● an increase in bulk density reduces

compaction properties
● an increase in bulk density increases

powder flow
● a decrease in moisture content ��3%

reduces compaction properties.
However, it is also known that micro-

crystalline cellulose is not 100% pure �-
cellulose; other materials such as hemi-
celluloses and sugar residues from
hydrolysis are present. Findings from both
academic and pharmaceutical studies in-
dicate that these materials play an impor-
tant role in the overall performance of mi-
crocrystalline cellulose. However, its
performance may change as the source of
the wood pulp, the pulping process, and
other factors are altered.

The industry does not understand the
interactions among these different factors
and what is necessary for performance. It
is clear that these “functional components”
are not impurities or process residues;
rather, they are an integral part of the ex-
cipient. Unfortunately, the determination
of functional components is not always
easy. For example, the determination of

hemicelluloses in microcrystalline cellulose
possibly could be achieved with the use of
a solid-state quantitative FTIR; not a
straightforward task. This type of scenario
could be repeated for many excipients.

The question is how far can or should
we go in our attempts to define excipients

by means of monographs. If we go too far,
manufacturers may find it uneconomical
to continue supplying to the pharmaceu-
tical markets, and innovation may be sti-
fled. If we are too lax, we run the risk of
causing problems for the excipient users
in standardizing processes. To achieve the
economies, a manufacturer typically will
use the same plant to produce a material
for all its needs and markets. Sometimes,
this sharing means that food and pharma-
ceutical grades produced in the same facil-
ity are really the same material with a dif-
ferent set of tests (USP–NF or Food
Chemicals Codex). For other materials, the
plant in-process operating conditions may
be tightened to enable pharmaceutical-
grade materials to be manufactured (e.g.,
immediately after the deionized water
resins have been recharged).

In summary, functionality testing can-
not, in the author’s opinion, be included
in a pharmacopeia monograph. Certain
tests, usually physical, can be used to dif-
ferentiate among different pharmaceuti-
cal grades, and these might be included in
a labeling or a non-specification section
of a monograph. However, it is important
to allow both the user and the manufac-
turer a sufficient amount of flexibility so
as not to inhibit innovation. The inclu-
sion of tests that are used to differentiate
between different pharmaceutical grades
seems reasonable. Going beyond this, un-
less safety concerns exist, it is likely to be
counter-productive because there will be
less incentive for suppliers to continue to
produce materials that comply with the
pharmacopeia specifications. The old
adage, “Be careful what you ask for; you
may get it!” comes to mind. PT
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