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excipient can even lead to severe intoxications, as experienced by epileptic
patients in Australia in the late 1960s who were taking phenytoin capsules?. RELATED ORGANISATIONS
The calcium sulphate used as a diluent in the capsule had been replaced by University of Geneva
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matrix former and prolonged the release of the drug, whereas lactose provoked
an immediate and massive release of phenytoin above the toxic threshold.
Confusion between excipients can also have a fatal outcome: in 2007,
pharmaceutical manufacturers in Panama used diethylene glycol, which they
believed to be glycerine, for the formulation of a cough syrup. Diethylene glycol,
which is used in antifreeze, is nephrotoxic and hepatotoxic and can result in

multiple organ dysfunction syndrome, especially in children.

Definition of an excipient

The word excipient originates from the Latin excipere, which means to receive;
hence, the excipient receives the active substance. Generally, excipients are
defined exclusively: an excipient contained in a dosage form is something other
than the active substance. According to the World Health Organisation - WHO
— (Technical Report Series, No. 961, Annex 10 (Procedure for prequalification of
pharmaceutical products), an active pharmaceutical ingredient (API) is “a
substance used in a finished pharmaceutical product, intended to furnish
pharmacological activity or to otherwise have direct effect in the diagnosis,
cure, mitigation, treatment or prevention of disease, or to have direct effect in

restoring, correcting or modifying physiological functions in human beings.”

The European Pharmacopoeia (Ph. Eur.) 4 gave the following definition of an
excipient: “An excipient is any component, other than the active substance(s),
present in a medicinal product or used in the manufacture of the product. The
intended function of an excipient is to act as the carrier (vehicle or basis) or as a
component of the carrier of the active substance(s) and, in so doing, to
contribute to product attributes such as stability, biopharmaceutical profile,
appearance and patient acceptability and to the ease with which the product
can be manufactured. Usually, more than one excipient is used in the
formulation of a medicinal product.” The terms vehicle and base are further
defined in the same pharmacopoeia: “A vehicle is the carrier, composed of one
or more excipients, for the active substance(s) in a liquid preparation” and “A
basis is the carrier, composed of one or more excipients, for the active
substance(s) in semi-solid and solid preparations.” Tables 1 and 2 give an

example of a vehicle and a basis respectively.

Webinar: Navigating data management challenges in the

pharmaceutical life cycle

In this webinar, we introduce you to laboratory information
management systems (LIMS) and demonstrate how this software
can help you achieve regulatory compliance, quality data

management throughout your product’s lifecycle.

Click here to find out more

Table 1 Example of a vehicle: simple syrup

Sirupus simplex (Ph. Helv. 11)
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Methyl parahydroxybenzoate 0.1g

Purified water 869

Table 2 Example of a basis: ointment

Ungentum cetylicum (Ph. Helv. 11)

Cetyl alcohol 49

Wool fat 10g

White soft paraffin 869

As specified in the Ph. Eur. 4 definition, the excipient may not be present in the
final product, but served in the manufacture of the product, like the anhydrous
ethanol solution of polyvinylpyrrolidone used as a binder in the manufacture of
effervescent tablets. The solvent evaporates during the drying of the granules.

The Ph. Eur. 4 definition does not include excipients as containers.

Another definition of excipients from the International Pharmaceutical
Excipients Council (IPEC, 1995) points out the different possible functions
fulfilled by excipients: “Excipients are all substances contained in a dosage form
other than the active substance or finished dosage form, which have been
appropriately evaluated for safety and are included in a drug delivery system to
either aid the processing of the drug delivery system during its manufacture,
protect, support, enhance stability, bioavailability, or patient acceptability, assist
in product identification, or enhance any other attributes of the overall safety
and effectiveness of the drug delivery system during storage or use.” Excipients
can contribute to the processing of the drug delivery system. For example,
lubricants help to fill the die on a compression machine. They can protect the
pharmaceutical dosage form from oxidation by acting as antioxidants. They can
also be used to give a form to the medicine, e.g. hard fat in suppositories.
Antimicrobial preservatives can enhance the stability of the preparation,
permeation enhancers promote absorption and hence they have an impact on
the bioavailability of a drug. Other excipients such as sweeteners modify the
taste of a medicine and contribute to improving patient compliance. And finally,
colourings enable the identification of medicines and help to decrease the risk of

patients mistaking one drug sub — stance for another.

The boundary between an excipient and an active substance is not as clear as
it appears. Some excipients are sometimes also used as active substances. The
well-known castor oil for instance is an oleaginous vehicle, solvent, plasticiser.

But itis also used a laxative (Table 3).

Table 3 Examples of substances that can be used as excipients or active

pharmaceutical ingredients (API)

Page 3 of 10

We use cookies to improve your experience on our site and to show you relevant advertising.  Accept Reject  Read More

https://www.europeanpharmaceuticalreview.com/article/18434/the-central-role-of-exc... 08.10.2018



The central role of excipients in drug formulation - European Pharmaceutical Review  Page 4 of 10

Product Role as excipient Role as API

plasticizer, cosolvent,

humectant, sweetening )
Glycerol ) ) laxative

agent, preservative, wetting

agent

Ascorbic acid, o o
antioxidant vitamin
a-tocopherol

) oleaginous vehicle, solvent, )
Castor oil o laxative
plasticizer

antimicrobial preservative,
Benzalkonium chloride | solubilizing agent, wetting spermicide, disinfectant

agent, permeation enhancer

disinfectant

Boric acid preservative, buffering agent  (ophthalmology
gynaecology)
Ethanol (co)solvent, preservative disinfectant

ointment/suppository base,
Macrogols ) ] _
tablet lubricant/binder, (co) laxative
(polyethylenglycols) o
solvent, plasticizer

Functions of excipients

The intended function of an excipient is to guarantee the required
physicochemical and biopharmaceutical properties of the pharmaceutical
preparation. The US National Formulary gives a list of the excipient categories
(Table 4, opposite). Some excipients are multi-functional, which means they
belong to different categories. For example, hypromellose, a cellulose derivative,
may be used as a coating agent, emulsifying agent, viscosity increasing agent,
suspending agent or tablet binder. Since excipients are key parts of the
formulation of a medicine, it is now a compendial requirement to test their
functionality and control the properties that may influence their suitability and

subsequently the properties of dosage forms prepared from them.

Table 4 Category of excipients according the US National Formulary

e Acidifying/alkalizing agent . Disintegrant
e  Aerosol propellant . Emulsifying/solubilizing/wetting agent
. Antifoaming . Glidant, anticaking agent
e Antimicrobial preservatives . Humectant
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e  Antioxidant . Lubricant

e  Binder e  Ointment/suppository base
e  Buffering agent . Plasticizer

e  Bulking agent (freeze-drying) . (Co)solvent

e  Chelating/sequestering agent e  Stiffening agent

. Coating agent . Suspending/viscosity-increasing

agent
e  Coloring, flavour, perfume

. Sweetening agent
e Diluent

e  Tonicity agent

. Vehicle

Functionality of excipients

The history of the functionality testing of excipients in Europe is relatively

recent’. It began in 1995 as the Ph. Eur. formed a working party to test the
functionality of excipients. The same year, the Ph. Eur. commission decided to
include functionality-related tests at the end of the monographs; this part being
non-mandatory. In 2002, the European directory for the quality of medicines
(EDQM) organised a symposium in Brussels dedicated to the functionality-
related testing of excipients and in the same year, a general monograph on
substances for pharmaceutical use including active substances and excipients
and defining the required properties of these substances appeared in the Ph.
Eur. Six years later, a general monograph on functionality-related
characteristics (FRCs) of excipients was published in the Ph. Eur. and since
2008, numerous monographs of excipients have been revised and a specific

section on FRC was added at the end of the monograph body.

Functionality of an excipient is determined by its physicochemical properties, its
molecular structure and in some cases by its content of by-product or of
additives, thus, additives may contribute to the functionality of an excipient. For
instance, cetostearyl alcohol emulsifying (type B) is a mixture of stearyl alcohol
and cetyl alcohol which additionally contains an anionic surfactant, sodium
lauryl sulphate, which contributes to the emulsifying properties of the product.
In addition, the functionality of an excipient may depend on complex
interactions between the constituents of the formulation and on stresses related
to the manufacturing process (Ph. Eur 5.15). Thus, the functionality can be
evaluated only in the context of a particular formulation and manufacturing

process and frequently by a number of analytical methods.

Policy of the Ph. Eur. FRCs

The current policy of the Ph. Eur. regarding FRCs is presented in a general
monograph (5.15 Functionality-related characteristics of excipients) and relies

on six general principles:

1. FRCs are listed in a non-mandatory section at the end of an excipient
monograph, preceded by the warning “This section is a non-mandatory
part of the monograph and it is not necessary to verify the characteristics
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2. FRC are established only for the major or typical uses of excipients and
these typical uses are recapped in the FRC section. Zinc oxide, for
instance, is considered as an active substance, not as an opacifier in
preparation for cutaneous application; consequently, there are no FRCs
for this compound. Shellac is an obsolete coating agent, so that there is
again no FRCs in its monograph

3. Standardised recommended methods characterising the relevant
property(ies) and referring wherever possible to a general chapter of the
Ph. Eur. or other control methods are proposed in the FRC section of
excipients monographs

4. Typical values with tolerances from the nominal values are given; for
example, the FRC of cellulose acetate phthalate is assessed by the
apparent viscosity test (2.2.9), with typical values of 45 mPas to 90
mPas

5. The uses and the FRCs listed are not exhaustive due to the multiple uses
of many excipients and the development of new uses

6. FRC tests often refer to a test already present in the body of the
monograph. If a test that is necessary to differentiate grades of the same
excipient is in the quality mandatory part of the monograph (e.g.
apparent viscosity, degree of substitution), a cross reference to this test
is included under the FRC section. For example, maltodextrin is an
excipient used as filler and binder in tablets and capsules. It is obtained
by partial hydrolysis of starch. The dextrose equivalent of this compound
is an important characteristic identifying the product. The FRC section
makes a cross-reference with the mandatory test section.

Usefulness of the Ph. Eur. FRC

The FRC guidelines can contribute to the quality of a medicinal product by
improving the consistency of the manufacturing process and the performance
of the medicinal product during use. FRC tests help manufacturers of
pharmaceutical products to establish specifications with demonstrated critical
roles based on standard analytical methods (FRCs can be considered as a
regulatory guidance). They provide manufacturers, users and licensing
authorities with a common language to support the supply of excipients with
specified properties and facilitate the application of process analytical
technology. They limit the batch-to-batch variation of excipients (that are
sometimes of natural origin and composed of a mixture of chemically related
compounds). Finally, FRCs improve knowledge of the pharmaceutical uses of

excipients.

Examples of the Ph. Eur. FRCs

The specifications of excipients include not only a chemical characterisation
(composition, purity), but also physicochemical testing (particle size distribution,
specific surface area, bulk density, flowability etc.) by means of different
techniques. Figure 1 gives an overview of the of the different tests described in
the Ph. Eur. to assess the physical properties of particulate solids and the
impact these determined properties may have. For example, particle size
distribution can be measured either by analytical sieving or by laser light
diffraction. The particle size may have an impact on the mixing properties and
consequently on the weight and content uniformity of a pharmaceutical dosage

form. It may also influence the dissolution rate of a tablet.

Tests Physical properties Impact

2.9.38 Analytical sieving of particulate solids

(2.9.31 Laser difraction "2
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2.9.26 Gas adsorption Surface speciﬁc area
2.9.36 Powder flow Flowability

2.9.34 Bulk/tap. density = :
Density/porosity

2.2.42 Density of solids

2.9.45 Wettability

2.2.32 Loss on drying ]\
2.9.39 Water-solid interactioRH Hygroscopicity

Wettability

/

—

Physical/chemical

5.9 Polymorphism Crystal state y stability

(5.16 Crystallinity

Figure 1: Physicochemical tests used to characterise excipients

Disintegrants, a widely used category of excipient, have an influence on the
dissolution profile of tablets. They act mainly by two mechanisms: either
swelling or capillary water absorption (wicking). Swelling can be measured by a
settling volume test described in the Ph. Eur. It consists of determining the
volume of the disintegrant powder after swelling and dispersing in a non-
solubilising liquid (like propanol or water). Wicking can be measured by a
hydration capacity test that determines the ratio of the mass of a hydrated
disintegrant powder after centrifugation to the initial mass of the sample. Table

5 shows some FRCs described in Ph. Eur.

Table 5 Examples of functionality-related characteristics of disintegrants

Disintegrant Main FRC

Alginic acid Settling volume + particle size distribution

Carmellose sodium low

Settling volume
substituted

) Settling volume + degree of substitution + particle size
Croscarmellose sodium o )
distribution + Hausner ratio

Hydration capacity (+ powder flow + particle size

Crospovidone distribution)

settling volume (if used as suspension stabiliser)

Variation of the test of hydration capacity (cold-
Starch pregelatinised
water-soluble matter)

Conclusion

Excipients play a crucial role in the quality of dosage forms. It is important to
control their functionality-related characteristics (FRC). Since 2008, FRC tests
have been introduced in Ph. Eur. They are not mandatory and concern only the
typical or major uses of excipients without being exhaustive. In addition, they
improve knowledge of the pharmaceutical use of excipients and are a sort of
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establish specifications with demonstrated critical roles based on standard

analytical methods.
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