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Overview

The selection of cttcipicnts in parenteral formulation

design is alien both rational and empirical. It is rational in
the sense that certain types of escipiems are added to alter

the {emulation properties: i] bullets of appropriate pKa are
added to control hydrogen ion concentration at a desired pH.
ii} tonieifiers are added for bioeompatibility. iii) surfactants

are added when necessary to prevent aggregation, adsorp-

tion to surfaces. or increase solubility. iv) antioxidants are

included to prevent unwanted oxidation of the drug. and so
on. The inclusion of various classes of formulation compo~

items. and the concentration used is often quite rational. in

that their behavior and properties are known. and they are
added to prevent specific problems that would arise in their
absence. 0n the other hand. however. the selection of the

exact escipient used is far from rat ional; it is empirical in the
first order. satisfying only one question. “Has it been used

previously in a similar parenteral fonnulation?“

Many prototype formulations have been laminated be-
cause one or more of the selected cxcipients was not found

in a previously approved parenteral product. in fact. there
have been a handful of excipients with striking favorable

properties. such as trehalose with its ability to confer solid
state stabilization of several types of proteins. or EDTA and

its antioxidants by metal ion chelation. These excipient
compounds. and many others. have not been used widely.
largely because of concerns with unknown toxicity. contin-

ued production supply. or cost.
ThUs. the formulation scientist is often faced with a

dilemma—which escipients are truly available for use
(based on what has been used previously). and which are

not? For esatitple. PEG 400 has been added to several

parenteral formulations. but what about PEG 1200, or PEG
4000'? And at what concentrations. and by what route?
Sodium cilrntc is an excellent buffer for many formulations

at 5 mM. but is too painful in most instances for subcutane-

ous use at 50 mM. lligh concentrations of propylene glycol
may be used in a slow intravenous infusion. but would

produce unwanted hemolysis and pain it' given by subcutane-

ous or intramuscular Injection. It is often the case that lhe
"safe level" of an cxcipient may depend on the route of

administration. These are only a few examples of factors
which must be considered when designing a formulation;

there are dozens more based on empirical information
required for efficient [emulation design. but thus far 3

Received l‘ehnntry in. 1998. Accepted for imhlicationlunc l. 1998.
'Aulhor to whom corrcsptmdcucc should be addressed.

23%

compendium has not been published. This review was
written to fill this void.

Herein are listed the cxcipients found in most of the

approved and marketed parenteral fonnulations. given sys—

tematically by escipient name. in this tumor it is easy to
determine what concentrations were used the route of

administration. the main ratiode for addition of that

excipient. the drug that was formulated. the manufacturer.
brand name. etc. The information found in this table comes

from several sources. including package inserts. the Physi-
cian's Desk Reference [PDR '97], as well as personal

correspondence from the companies supplying the products.

The published excipient concentration was often given in
different units. including: mgiml.. rnDs. Molar. sodium

equivalents. biological Units. Molal. weight percent. etc.
and provided one of the greatest challenges in putting this

compendium together. We sought to list all the escipients
{where pDSSiblc) in common units lie. mgimL). so that a

rapid comparison of the different formulations could be
made at a glance. {This is not easy to do. for example. when

comparing Tween 20 concentrations at 0.0001 M, 0.01% and
l tng/‘tnL; fortunately. the average molecular weight ts
ltnowu for most cscipients. permitting a standardization of

excipiem concentrations]. This standardization of excipient

concentrations is perhaps the greatest value of this compen-

dium. but also represents one of the greatest sources of
potential error. The recalculation of escipicnt concealm-

tions. often from scant or nondescriptivc data. is not trivial

and there may be an occasional discrepancy despite cross-
checking with the original sources.1 Nevertheless. this

compendium represents a comprehensive survey of paren~
teral excipicnts used today. and is a resource for the
parenteral formulation scientist.

NO‘BS

[n putting together this escipient compendium. there were
a number of points that should be noted. so that the reader

understands the limitations nod assumptions in some of the
calculations.

1} Concentrations are listed in weightfvolurne‘ii—r unless
otherwise tinted. in some cases values are. listed in volutnei

volume% or the manufacturer did not specify what kind of
percentage they were using (and in this case it was assumed

weightlvolumc ii.- i.

2) Sterile water for injection is included in the excipienl
list when used in solution fomiulations; however. in most

'll' discrtnutneies are found. e-tnujl Ilium to nguyeu.tue@genc.coul for
correction to subsequent eoutpeudiutna of this nature.
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cases the quantity or percentage of water in the formulation

was not indicated by the manufacturer or identified only as
(1.5. We have kept the same conventions here.

3'] Excipients listed are present in the drug formulation
itself. and do not include crtcipients present in diluent (for

citatnplc. when a tyophiltaed formulation is diluted with
bacteriostatic water containing benzyl alcohol). In some
cases, a diluent is supplied that contains several additional

excipiertts and. in the ease or provided diluent, these

excipients are listed in the excipient category and designated
with a in addition to their usual excipicnt type {the D
stand for present in diluent).

4) If no ertcipients are listed. it means that no excipicnts
were revealed by the manufacturer. in some cases. this is

because there are no excipients in the formulation. but this

should not he assumed. in some cases, there- ntay be
excipients present but the manufacturer has not disclosed

them to us. largeiy for proprietary reasons. Specific follow-
up about these drugs should be referred to the manufacturer.

it The given drug concentration is usually the concentra-

tion of the compound listed in the drug name category.
unless identified as otherwise. For example. many drugs are
formulated as salts such that the salt name is listed in die

drug name category {for example. rnitoxanlrone hydrochld

ride}. However, in the drug concentration category. the
concentration of the active component is usually listed (for

example. equivalent to 2 mglml. mitoxantrone free base). so
as to have a correct concentration of the active drug form.

a] When concentrations of excipients and drugs an: listed

as a range it implies that these values could only be
approximated. Frequently. a range is given because the
product is available in a variety of storage containers, or

having several dilution schemes. The ranges given are
approx irnations only. based on the available information. In

no way should these ranges be assumed to encompass all

possible dilution schemes or configurations.
7t Preservatives tsuch as betray] alcohol) that are present

only in one configuration of a drug (for example in the

multiple-dose product, but not in the single-use product]
may be listed as a range [04%). This was to avoid making

twu or more records for essentially the same product
configuration.

8) For drugs that are given as a salt form, the counter ion

may not be listed as an excipient. To search for counter ions

{like sodium or potassium] one may loolt in the drug name
fields [where the entire salt is often listed} or in the
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comments section {where the quantity of the counter ion per

gram of drug is often provided) as well as in the excipient
section.

9) if a pH value is listed for a lyophilized product, in most

cases, it is the pit of the drug after its initial reconstitution

with diluent. not the pH at lyophiliaation.

10) The concentration values given for excipiean and
active drug product in lyophilized products are usually those

present at the initial reconstitution step. and are not necessar-

ily the concentrations present at delivery {often further
dilution occurs). This applies to solution formulations as

well. Further, excipient concentrations may not take into

account additive effects from the diluent (for example, a

drug containing sodium chloride and reconstituted with

0.9% Sodium Chloride usually iists the concentration of

sodium chloride present in the undiluted state}.

ll) When the excipient concentration is calculated for a

lyophilized product, it is usually done by dividing the weight
of the material by the volume of liquid added. Note that this

does not take into account the additive volume of mixing

that occurs. so such values are to be considered only

approximations. In cases where the manufacturer provided
the total volume after mixing. this final volume was used for
calculations.

12) For drugs requiring reconstitutionldilution, in most

cases a diluent recommended by the manufacturer is identi—

fied. in cases where multiple compatible diluents are pos-

sible. or when dilution schemes are complicated, one will

see the note “Consult FDR for appropriate dilution." In

some cases, often when the recommended diluent is pro—

vided. the manufacturer would not reveal the identity of the

diluent for proprietary reasons.

13) Finaliy. most of the entries herein have been sent to

the manufacturer for their correction and final notes. Matty

manufacturers participated in checking the data: others did

not. We want to make this compendium as correct as

possible, and so if errors are found. please e—mail them to

ngnyen.tue@gene.com for correction.
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