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INTRODUCTION

Medicinal dosage forms, regardless of composition or

mode of use, must meet the following requirements that

underpin efficacy, safety, and quality:

1. Contain an accurate dose

2. Be convenient to take or administer

3. Provide the drug in a form for absorption or other

delivery to the target

4. Retain quality throughout the shelf life and usage

period

5. Be manufactured by a process that does not

compromise performance and that is reproducible and

economical.

Few if any active pharmaceutical ingredients have

properties that allow incorporation in units that meet all

these criteria. Therefore, it is necessary to add other

materials to make good any shortfalls. Consequently,

virtually every medicinal product is a combination of the

drug substance and excipients. These are indispensable

components of medicinal products and, in most cases

comprise the greatest proportion of the dosage unit. It goes

without saying that knowledge of the composition,

function, and behavior of excipients is a prerequisite to

the successful design, development and manufacture of

pharmaceutical dosage forms.

The requirements listed above can be considered the

prime reasons for including excipients in dosage forms

since they relate directly to product performance. Issues

such as regulatory acceptability, environmental effects and

impact on cost of the product are also important selection

criteria.

A single chapter cannot do justice to the richness and

complexity of the possibilities and constraints associated

with using excipients to transform a drug to a dosage form.

Each topic merits a chapter, possibly a complete volume in

its own right. This chapter provides a general overview of

the issues involved in selecting and evaluating excipients.

More detailed accounts of individual applications,

performance, and associated issues may be found in the

references.

ACCURACY OF DOSE

Where the active ingredient is very potent (i.e., dose is

low), it may be necessary to disperse the drug in a

“diluent” or bulking agent. Otherwise, quantities being

filled into capsules or dies for tableting may be so low that

normal filling and other process variations translate to

excessive variation in unit drug content. Likewise, low-

dose medications for inhalation as dry powders may have

the drug dispersed in or otherwise associated with an inert

“carrier” or flow aid. For a diluent to function in this way it

must form a homogenous blend with the drug. Otherwise

accuracy of dose cannot be guaranteed (1).

Water may be considered a “diluent” in liquid

presentations as it provides the required dose in a

volume that can be accurately dispensed or administered.

It is also invariably present in medications for topical or

transdermal application. Water can be one of the most

problematic companion materials in a dosage form

because of its capability to promote hydrolysis, act as a

vehicle for other molecular interactions, or simply be a

medium for microbial growth. Such properties illustrate

how a material that resolves one problem may pose

others that in turn require the presence of additional

excipients.

Liquid or semisolid preparations may require the

presence of ancillary excipients to effect solvation or

dispersion of the active ingredient. In particular,

formulations containing drugs in the suspended state

may require viscosity-enhancing agents or other additives

to ensure that the drug remains homogenously dispersed.

Otherwise, the accuracy of the dose may be

compromised.

USER OR PATIENT CONVENIENCE

Drugs that are bitter or otherwise unpalatable, and

administered as oral liquids may be unacceptable,

particularly to younger patients. Compliance and therefore

efficacy may be compromised unless the product can

be made more palatable. Thus, sweeteners, flavors, or
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taste-masking agents may be present in liquid oral products,

in chewable dosage forms, and in effervescent or dispersible

tablets that are constituted as liquids prior to use (2).

Some drugs given by injection cause local pain due to

high volume, tonicity, pH, etc. An additive that evinces a

local anesthetic effect may relieve such discomfort.

Benzyl alcohol is employed for this purpose.

RELEASE OF DRUG FROM THE DOSAGE FORM

Once a medication is ingested, applied to a target area, or

otherwise administered, the drug must leave the dosage

form for absorption or other delivery to the target. This

may involve the following:

1. Dissolution in the gastrointestinal (GI) tract following

oral dosage;

2. Partitioning to the skin in the case of topical or

transdermal preparations;

3. Passage to pulmonary or nasal cavities (inhalation

products).

Excipients can ensure that such delivery is expeditious

and consistent. Their presence may be even more crucial

with more esoteric forms that must be delivered to a tissue,

organ, or even specific cells. Researchers are developing

excipients that act as “homing devices” to guide drugs to

designated targets. Such approaches will be discussed later

in this chapter.

In its simplest form, designing “release” into a dosage

form involves adding a disintegrant to the tablet or capsule

formulation so that on ingestion the compact breaks up and

drug is released for dissolution and absorption. In the case

of hydrophobic drugs, dissolution may be aided by wetting

agents. More complex release patterns involve using

excipients to modify release from the dosage form to delay

onset of action or otherwise modify the pharmacokinetics

of the drug, thereby maximizing efficacy or minimizing

side effects.

Excipients can influence delivery from topical and

transdermal medications. The propensity of the drug to

migrate from the formulation to the application surface is

affected by factors such as lipophilicity of the vehicle,

drug solubility in the formulation, and effects of additives

on the barrier properties of the skin or mucosal surface.

ORAL ABSORPTION ENHANCEMENT

Oral absorption is indirectly aided by excipients that

promote release of drug from the dosage form, or help

dispersion and dissolution prior to passage to the systemic

circulation. Excipients that promote absorption per se are

less widely used. However, lipids have been used to

enhance absorption of hydrophobic active ingredients.

Dissolution or dispersion of drug in such materials

provides a substrate for lipolysis, resulting in an emulsion

of drug and lipid that provides enhanced surface area for

dissolution and absorption (3).

Lipids such as oleic acid or its salts are reported to slow

gastric emptying and also act as an “ileal brake.” This

allows longer time for dissolution and absorption in the

small intestine (4, 5). Citric acid and other organic acids

also have been shown to slow gastric emptying (6).

However, the levels required for such effects may be

impractical for most dosage forms.

The small intestine is drained by the hepatic portal vein,

making the liver the first “port of call” for orally absorbed

drugs. Therefore, high hepatic metabolism will compro-

mise systemic availability. Formulation to enhance

lymphatic absorption offers the potential for avoiding

such first-pass metabolism. It could also target anticancer

agents to lymphatic carcinomas (7). Table 1 lists various

materials and associated therapeutic agents that have been

formulated for lymphatic delivery.

Oleic acid has been used in a novel approach to boost

the bioavailability of propranolol (Fig. 1). The effect was

ascribed to preferential uptake by the lymphatic system

and avoidance of the extensive first-pass metabolism that

would follow passage through the hepatic portal system

(8). Formulation with triglycerides also enhanced

lymphatic absorption of the antimalarial drug halofantrine

(9). However, the low lymph/blood flow ratio limits

lymphatic absorption to drugs that are highly lipophilic

(log P . 5) and that have significant solubility in long-

chain triglycerides (.50 mg/mL).

Strategies to breach physical and enzymatic barriers in

the intestinal epithelium that hinder passage to the

systemic circulation have included enhancing paracellular

flux by disrupting “tight junctions” (10, 11). Inhibition of

the P-glycoprotein (PGP) that ejects unrecognized or

unwanted materials also has been studied (12). Certain

lipids are reported to be PGP inhibitors but there are no

reports of successful application to commercial products

or use in clinical trials.

Yet another approach to intestinal absorption enhance-

ment concerns the inhibition of intestinal Cytochrome

P450 3A4, an enzyme responsible for the prehepatic

metabolism of many drugs. Grapefruit juice is reported to

be a powerful inhibitor of this enzyme and is known to

enhance the bioavailability of cyclosporin, triazolam,

nifedipine, and other drugs. Studies have been carried out

to identify the components in grapefruit juice that evince
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this effect (13, 14). It could be argued that inclusion of

such materials (thought to be flavinoids), as “excipients”

in the dosage form would lead to not only more complete

but also more consistent systemic levels by counteracting

inconsistencies brought about by enzyme inhibitors in

food and drink (such as grapefruit juice). Time will tell

whether the ongoing interest in this area will lead to new

“excipients” that modulate absorption in this way.

Excipients that are bioadhesive or that swell on

hydration can promote absorption by increased contact

with epithelial surfaces, by prolonging residence time in

the stomach, or by delaying intestinal transit. Cellulose

ethers, gums of natural origin, and synthetic acrylic acid

polymers have been evaluated for such purposes. The

range of materials available and their differing viscoelastic

and rheological behaviors mean that it is possible, by

judicious admixture, to develop delivery units with

balanced properties so that adhesion, density, hydration,

drug release rate, etc. can be tailored to the drug in

question and the physiological characteristics of the target

delivery site (15).

Enhancers for Other Modes of Absorption

Many physical and enzymatic barriers can prevent

successful delivery of active pharmaceutical ingredients

by noninvasive, nonoral routes. It is not surprising,

therefore, that there is great interest in excipients that can

overcome such obstacles.

Transdermal delivery is a case in point. The skin,

particularly the stratum corneum presents a formidable

barrier to diffusion. Materials used to enhance its

permeability have ranged from simple solvents such as

ethanol or propylene glycol to aromatic chemicals such as

terpenoids. Such penetration enhancers appear to work by

disrupting the lipid domains in the stratum corneum that

reduce permeability (16). A bespoke penetration enhancer,

laurocapram (Azone), was developed in the late 1970s for

use in transdermal delivery but its use in commercial

products appears to be limited (17).

Entry via nasal or buccal mucosa allows the delivery of

peptides or other labile drugs that are highly potent (low-

dose drugs) and that do not have steep dose-response

relationships. Absorption enhancement requires increased

contact time and reduced clearance rate (in the case of

nasal delivery), thereby optimizing conditions for mucosal

diffusion. Excipients that enhance nasal absorption include
Fig. 1 Effect of oleic acid on propranolol bioavailability.

(From Ref. 8.)
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Table 1 Drug carriers for lymphatic targeting

Lymphotropic carrier Drug Type of interaction

Dextran sulphate Bleomycin Ion-pair

Dextran Mitomycin C Covalent binding

b-Cyclodextrin oligomer 1-Hexylcarbamoyl-5-fluorouracil Hydrophobic inclusion

L-Lactic acid oligomer microsphere Aclarubicin, cisplatin Incorporation

Gelatin microsphere Mitomycin C Incorporation

Intrinsic protein complex Vitamin B12 Complex

Styrene-maleic acid anhydrideco-polymer Neocartinostation Covalent binding

Lipsome Ara-C Encapsulation

S/O emulsion 5-Fluorouracil, Bleomycin Encapsulation

Lipid mixed micelle Inteferon, TNF Hydrophobic binding

Chylomicron, LDL Cyclosporine, vitamin A, coenzyme Q,

DDT

Incorporation

Ethynylesteradiol 3-cyclopententyl ether

Carbon colloid Mitomycin C, Aclarubicin Hydrophobic adsorption

(From Ref. 7.)
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phospholipids to enhance mucosal permeability and agents

that imbibe water and become mucoadhesive (e.g.,

glyceryl mono oleate). In addition, the gelling agents

hydroxypropyl cellulose and polyacrylic acid promote

absorption of insulin in dogs (18). These findings,

however, have not been used to find a commercially

viable product for intranasal delivery of insulin,

presumably due to insulin’s narrow therapeutic index.

However, intranasal delivery systems for calcitonin, a

macromolecule with a much safer dose-response relation-

ship, have been commercialized.

EXCIPIENTS FOR DRUG TARGETING

The 1990s saw an explosion in knowledge and under-

standing of the roles that natural mediators play in

physiological and pathological processes. At the same

time, biotechnology has made it feasible to manufacture

such mediators relatively cheaply and in large quantities,

thereby affording possibilities for use as therapeutic

agents. However, effective delivery remains a

formidable challenge from the efficacy, safety, and

patient-convenience perspective. Most natural mediators

are highly potent, extremely labile, and may need to be

delivered to a specific organ or cellular target.

Conventional oral dosage is not usually feasible due to

the hostile environment and enzymatic barriers along the

GI tract. Parenteral administration is hardly desirable for

chronic therapy. Therefore, many biotechnology products

need to be combined with materials that afford protection

against destruction, reduce elimination rate, or target a

specific site so that activity is enhanced and toxicity

minimized. The level of interest and activity in this area

supports the view that more effective delivery systems are

required if the promise of biotechnology is to be realized.

Hence, it is likely that the search for absorption-enhancing

excipients for such materials will continue unabated.

Carriers for biopharmaceutical therapeutic agents range

from well-established excipients of natural origin to

custom-made synthetic materials with putatively enhanced

protective or targeting features. Natural or semisynthetic

materials predominate however. Sources as diverse as

primitive marine plants (chitosans and alginates), plant or

animal phospholipids (egg and seed lecithin), and

mammalian collagens (gelatin) are being mined for useful

delivery or targeting aids, as well as for components

of complex formulations such as microemulsions or

liposomes. The wide use of biological materials may mean

that Mother Nature produces more suitable biopolymers

than the synthetic chemist. More plausibly, it may reflect

the need for long and expensive safety evaluation of novel

synthetic materials prior to use in man. This hinders timely

evaluation other than in vitro or animal models.

More esoteric materials that confer target specificity

include glycoproteins, recombinant proteins, or mono-

clonal antibodies (19). To date, clinical performance of

such carrier systems has been disappointing. Further

refinement of concepts and materials may be necessary

before the performance matches the promise.

Attenuated adenoviruses have been used as vectors

where delivery to cell nuclei is required (e.g., in gene

medicine). It is a moot point whether these or other

targeting or carrier materials are “excipients” part of a

prodrug or something in-between. The boundaries

between “active” and “inactive” materials are much less

clear in such cases. The traditional approach of evaluating

a novel entity in its own right in animal safety programs

and then formulating with “inert” materials is inappropri-

ate with sophisticated delivery systems because of the

important effect of the adjuvant on disposition and kinetics

of the active ingredient.

EXCIPIENTS AS STABILIZERS

Product quality can be compromised during manufacture,

transport, storage or use. The causes of deterioration can

be manifold and product-specific. They include microbial

spoilage or chemical transformation of the active or

physical changes that alter performance in vivo.

Deterioration can compromise safety or make the

medication less attractive, which means it may not be

used. Excipients can contribute to or cause such changes

unless carefully screened for possible interactions in

preformulation studies.

Cases where excipients have the opposite effect and

stabilize labile drugs are less common. Nevertheless, they

have been shown to reduce degradation rates of drugs that

are photolabile, oxidizible, or degradable consequent to

inter- or intramolecular reactions (20). Stablization

strategies include the following:

1. Formulation with an excipient whose light absorption

spectrum overlaps that of the photolabile drug. This is

the so-called spectral overlay approach;

2. Using an antioxidant in formulations that are

susceptible to degradation by oxidation. This approach

has been particularly successful in vitamin-containing

products

3. Using an excipient that “hinders” association of groups

in the same molecule, in adjacent molecules, or in the

vehicle that can interact and cause degradation. There
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are several reports of cyclodextrins effecting such

“steric stabilizations.” Polyethylene glycol also has

been shown to stabilize an ointment formulation by

preventing formation of inactive rearrangement

products.

Less esoteric but equally important stabilizers include

preservatives in liquid products to prevent microbial

growth and buffers to provide an environment conducive

to good stability where degradation is pH-related.

Chelating agents also are used as stabilizers to prevent

heavy metals from catalyzing degradation.

EXCIPIENTS AS PROCESS AIDS

The vast majority of medicinal products are manufactured

by high-speed, largely automated processes for reasons

that are related as much to safety and quality as to cost of

goods. Excipients that aid in processing include the

following:

1. The almost universal use of lubricants such as stearates

in tablets and capsules to reduce friction between

moving parts during compression or compaction;

2. Excipients that aid powder flow in tablet or capsule

manufacture. Materials such as colloidal silica improve

flow from hopper to die and aid packdown in the die or

capsule shell. Accuracy and consistency of fill and

associated dose is thereby improved

3. Compression aids to help form a good compact,

whether on dry granulation (slugging) prior to tableting

or on tablet compression. Most are derived from plant,

animal, or mineral origin (microcrystalline cellulose,

lactose, or magnesium carbonate)

4. Agents such as human or bovine serum albumin that are

used in the manufacture of biotechnology-based

products. These avoid adsorption of the protein to

flexible tubing, filters, and other process equipment

5. Stabilizers to protect the drug from processing

conditions that might otherwise be deleterious. It is

common to use “cryoprotectants” such as sugars,

polyhydric alcohols or dextrans in lyophilized par-

enteral biotechnology products to prevent inactivation

during freezing. A similar approach has also been used

to prevent liposomal aggregation and leakage (21).

“Flow aids” also can help performance in cases

where the delivery device is an integral part of the

medication. Products for pulmonary delivery are often

formulated as dry powders that are inhaled via the oral

cavity. The fine-particle nature of the medicinal agent,

which may be vital for efficient delivery to the

bronchial target area, militates against good flow.

Materials such as lactose or mannitol (of appropriate

particle size) can enhance flow or act as a “carrier”

from the dose unit (usually a capsule) through the

inhalation delivery device to the oral cavity on

inspiration. They are widely used for these purposes

in inhalation formulations of anti-asthmatic agents such

as salbutamol and budesonide (22, 23). The recombinant

therapeutic proteins human deoxyribonuclease (used to

treat cystic fibrosis) and human granulate colony

stimulating factor (g-CSF) are also formulated with

“carriers” to aid pulmonary delivery (24).

The adherence of very fine particles to larger ones can

solve segregation problems when mixing powders

containing particles of differing size or shape. If the fine

particles can associate with their larger companions due to

some surface effect, “ordered mixing” ensues and

homogeneity is assured during subsequent processing (25).

Process aids do not usually contribute to the

performance of the dosage form in terms of quality or in

vivo performance. Indeed, lubricants, because of their

hydrophobic nature, can hinder disintegration and

dissolution of solid dosage forms unless the level and

mode of incorporation is carefully characterized

and controlled. Thus, in addition to drug-excipient

interactions, the potential for interexcipient competition

and incompatibility must be considered and studied.

DRUG–EXCIPIENT INTERACTIONS

Despite the earlier account of excipients acting as

stabilizers, it is fair to state that there are far more cases

on record of excipients adversely affecting quality.

Degradation may be caused by interaction between

functional groups in the excipient and those associated

with the drug. Many small-molecule drugs contain

primary, secondary, or tertiary amino groups and these

have the propensity to interact with aldehydic groups in

sugars or volatile aldehydes present as residues. Chemical

interaction can result in degradation of the drug substance

to inactive moieties with loss of efficacy where

degradation is excessive. Even when degradation is

modest, it is possible that the formed degradation products

may compromise safety.

Physical interactions between drug and excipient also

can compromise quality. Adsorption of drug by micro-

crystalline cellulose resulted in drug dissolution being less

than complete (26). Interaction between chloramphenicol

stearate and colloidal silica during grinding led to

polymorphic transformation (27).
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Excipients may contribute to degradation even when

not directly interacting with active moieties. Soluble

materials may alter pH or ionic strength, thereby

accelerating hydrolytic reactions in liquid presentations.

Such effects may be accentuated during processing. For

instance, sterilization by autoclaving, while of short

duration, may cause significant degradation product

formation because of the high temperature involved.

Dextrose is widely used in parenteral nutrition solutions or

as a tonicity modifier in other parenterals. Sterilization by

autoclaving can cause isomerization to fructose and

formation of 5-Hydroxymethyl furfulaldehyde in

electrolyte-containing solutions (28). At the other

extremes of processing, succinate buffer was shown to

crystallize during the freezing stage of lyophilization, with

associated reduction of pH and unfolding of gamma

interferon (29). It is important to identify and characterize

such “process stresses” during dosage-form development

and tailor processing conditions accordingly.

Microcrystalline cellulose is a partially depolymerized

cellulose that is part-crystalline/part noncrystalline and

hygroscopic. Adsorbed water is not held in any “bound”

state but will rapidly equilibrate with the environment

during processing or storage (30) (Fig. 2). Thus, it is

possible that in a dosage form, water can be sequestrated

by a more hygroscopic active ingredient. If the drug is

moisture sensitive, degradation may follow. Stabilization

may be possible by drying prior to use, but loss of water

may make it a less effective compression aid (31).

Microcrystalline cellulose may also contain low levels

of nonsaccharide organic residues. These emanate from

lignin, a cross-linked bioploymer made up primarily of the

three allylic alcohols/phenols in the wood chip starting

material (Fig. 3) (32).

It is also possible that degradation products of these

phenols, or free radical combinations, may be present,

with potential for chemical interaction with the drug.

This focus on residues associated with microcrystalline

cellulose is not to denigrate it as an excipient. It is and will

remain a most valuable formulation aid that can help

compression, disintegration, and flow, as well as acting as

a general diluent in solid-dose formulation (33). It can also

be a useful additive in liquid products. Indeed, the

knowledge available on microcrystalline cellulose inter-

actions probably reflects the level of interest in such a

useful material. Rather, the intent is to illustrate how

excipients, or residues contained in them, can interact with

active ingredients in a number of ways. The first

commandment for the formulator is arguably to “know

your drug,” but it is also important to be aware of the

composition, residues, and other behaviors of excipients.

STABILITY OF EXCIPIENTS

Excipients can lose quality over time. Oils, paraffins, and

flavors oxidize; cellulose gums may lose viscosity.

Polymeric materials used in film coating or to modify

release from the dosage form can age due to changes in

glass transition temperature. This can lead to changes in

elasticity, permeability, and hydration rate and associated

changes in release properties or appearance (34).

Preservatives such as benzoic acid or the para

hydroxybenzoates are volatile and can be lost during

product manufacture if the process involves heating. Loss

during product storage is also feasible if containers are

permeable to passage of organic vapors. Acetate buffer is

volatile at low pH and can be lost during the drying stages

of lyophilization. Such behaviors reinforce the need to

know the behaviors of excipients as well as of the active

ingredient so that appropriate processing, storage

conditions, and “use by” periods are stipulated where

necessary.

IMPURITIES IN EXCIPIENTS

Excipients, like drug substances contain process residues,

degradation products or other structural deviants formed

during manufacture. Historically, it was not unusual for

Fig. 2 Water vapor sorption isotherm for microcrystalline

cellulose at 258C. (From Ref. 30.)
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adulterants to be added to “bulk up” the commodity.

Thankfully, a combination of better analytical techniques,

vendor certification programs, and quality audit systems

should mean that adulteration is largely a thing of the past.

However, constant vigilance is necessary. As recently as

1996, renal failure in children in Haiti was ascribed to use

of glycerol contaminated with diethylene glycol in a liquid

paracetamol product (35).

Residues in excipients can affect quality and perform-

ance by interacting with the drug or other key components.

Reducing sugar impurities in mannitol were responsible

for the oxidative degradation of a cyclic heptapeptide (36).

Lactose is one of the most widely used excipients in

tablet manufacture. It is available in a number of different

forms, differing in hydration and crystal states. Isolation

and purification may involve treatment with sulphur

dioxide (37). However, there are no reports of compli-

cations from residues of this powerful oxidizing agent.

Lactose is a disaccharide comprised of glucose and

galactose units. These reducing sugars are reported to be

present in spray dried lactose (38), as is the hexose

degradent 5-hydroxymethyl furfural (39). This aldehyde

has the potential for additional reactions with primary

amino groups, Schiff Base formation and color develop-

ment (Fig. 4) (40).

Drugs containing secondary amine groups also can be

degraded. Maillard reaction products have been reported

in capsules containing lactose and the antidepressant

fluoxetine (41). This reaction is also reported extensively

in publications concerned with the food industry. High

temperatures and low moisture contents associated with

food processing induces caramelization of sugars and

oxidation of fatty acids to aldehydes, lactones, ketones,

alcohols, and esters (42, 43). It would not be surprising if

such degradation products were generated in the same

materials used in pharmaceutical dosage forms. Unfortu-

nately, most pharmacopoeial monographs do not list such

organic contaminants. Also, some excipient vendors are

reluctant to share information on residues and contami-

nants with customers. The pharmaceutical industry

generally represents only a small proportion of business

for such commodity providers. Hence, it is difficult to be

persuasive on the need for individualized standards and

controls. Therefore, the following list (Table 2) cannot be

considered as comprehensive because of this unsatisfac-

tory state of affairs.

Excipient residues may also compromise safety or

tolerance. Wool fat or lanolin derived from sheep wool

may contain low levels of insecticides from sheep treated

for parasites. These insecticide levels are probably too low

to cause direct toxicity, but may cause allergic reactions

when lanolin in cosmetics or topical medicaments is

applied to the skin.

Paradoxically, excipient residues such as antioxidants

may inadvertently act as stabilizers of the drug substance.

Unheralded removal by the vendor or replacement by a

different type of stabilizer could precipitate an unheralded

product stability crisis leading to recall from the market.

Such a possibility highlights the need for agreed change

control systems between the pharmaceutical manufacturer

and the excipient vendor.

SAFETY OF EXCIPIENTS

Although excipients have traditionally been considered

“inert,” it is now well accepted that some carry the

potential for untoward effects. These can range from the

inconvenient to the serious, be general or patient-specific,

and may or may not be dose-related. The effect may be

ascribable to the excipient itself or to a residue from the

starting material or the process of manufacture.

Lactose is one of the most widely used tablet

excipients. However, 5–10% of the population of the

United Kingdom suffers from lactose malabsorption (44),

nor is there reason to suppose that this percentage is lower

in other countries. Lack of the lactase enzyme leads to

fermentation by colonic bacteria, with formation of lactic

acid and carbon dioxide causing stomach cramps,

diarrhea, and vomiting (45). Whether such clinical

symptoms are manifest following ingestion of the levels

Fig. 4 Potential residues in lactose.
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Table 2 Potential residues in common excipients

Excipient Residue

PVP, Polysorbates,

benzyl alcohol

Peroxides

Magnesium stearate,

fixed oils, paraffins

Antioxidants

Lactose Aldehydes, reducing sugars

Benzyl alcohol Benzaldehyde

Polyethylene glycol Aldehydes, peroxides,

organic acids

Microcrystalline cellulose Lignin, hemicelluloses
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normally present in dosage forms is not known, but such

phenomena may sometimes explain minor side effects

regularly reported during the monitoring that accompanies

volunteer Phase I studies.

Malabsorption of the cereal protein gluten is another

potential source of untoward effects from excipients. This

condition demands a gluten-free diet. Most starches

utilized in medicinal products are now gluten-free but

gluten-containing materials have been used as film

formers in miscroencapsulated products (46). There is

also a possibility that gluten could be present in excipients

that utilize cereal derivatives as starting materials or bases

(e.g., dry powder flavors that sometimes use maltodextrin

bases).

Sucrose is a very effective sweetener, particularly for

liquids dosed to children. Its propensity to cause dental

caries and the complications it poses in the management of

diabetes may have contributed to its progressive removal

from medicinal products despite its continuing widespread

use in foods and confectionery. Sorbitol is another

excellent sweetening agent and has been used as a

replacement for sucrose in oral liquid products. It has the

propensity to cause diarrhea and flatulence, although the

effect may only be manifest at high doses. However, there

may be additive effects (e.g., if it is formulated with active

ingredients that are also associated with GI intolerance,

such as antibiotics).

Synthetic sweeteners have had checkered careers as

excipients (47). Cyclamate was banned in the United

States following reports of carcinogenicity and withdrawal

of generally regarded as safe (GRAS) status in 1969. It

remains banned despite additional studies to clarify safety

and attempts at reinstatement. It remains acceptable in

Europe.

Saccharin is equally controversial. It also is suspected

as being a carcinogen due to cyclohexylamine formation,

possibly by gut flora, on ingestion (48). It was banned as a

food additive by the Food and Drug Administration (FDA)

in 1977, but has remained available consequent to regular

congressional moratoria on the proposed ban. It is not

permitted in Canada except for diabetic beverages and

foods.

The flavoring agent sodium glutamate is sometimes

used to flavor protein supplements or liver extracts.

Flushing, headache, and chest pain have been ascribed to

its presence, albeit after food intake rather than

medication. This is the background to the so-called

Chinese restaurant syndrome (49).

Aspartame is a newer sweetener/flavor enhancer but it

too may cause angiodema and urticaria. It is contra-

indicated in patients suffering from phenylketone urea, as

hydrolysis can lead to formation of phenylalanine.

Aspartame also can hydrolyze in solution to form a

diketopiperazine derivative and can participate in

Michael-type addition reactions with olefines susceptible

to nucleophilic attack. The products of such interactions,

if they occur, will be drug and formulation-specific,

and it is likely that their safety characteristics will be

unknown (45).

The use of benzyl alcohol as a local anesthetic was

previously discussed. It is also used as a preservative in

parenteral dosage forms. However, there is some evidence

that benzyl alcohol is neurotoxic and its use is contra-

indicated in the United Kingdom in children under 3 years

of age (50).

The literature is replete with reports of various allergic-

type reactions to preservatives (parabens, chlorocresol),

antioxidants (propyl gallate, metabisulphite), surfactants

and solvents. The list is too long to be discussed in this

article but Ref. 48 contains a very useful compilation and

discussion of immunotoxic events seen with various

dosage form additives.

Many of these studies involved application of copious

amounts to animal skin or to human volunteers in Phase I

studies. Others concerned reports of reactions in people

suffering from pre-existing allergic conditions. Reports of

side effects must, therefore, be viewed from such

perspectives and the possibilities for side effects weighed

against the widespread use of the same materials in food,

confectionery, cosmetic, and household products as well

as in medicines. This is not to belittle the hypersensitivity

and other reported reactions but unless these are put into

context, there may be further constraints on excipient

usage and unrealistic demands for “totally inert”

formulation adjuvants.

Adverse reactions may be caused by the excipient per

se but by a residue. HIV infection in humans and

spongiform encephalopathies in cattle have raised the

specter of viral transmission by materials as diverse as

human and bovine serum albumin, lactose, gelatin, fatty

acids, or their salts, as well as polyols such as glycerol. It

is generally accepted that screening procedures for blood

donors and the heat treatment usually employed for

sterilizing human serum albumin (minimum 10 h at

608C), originally introduced to guard against hepatitis

infection, provides good lethality against the HIV virus.

However, the prions associated with spongiform ence-

phalopathies are so resistant to heat and other forms of

sterilization that removal is more problematic. Conse-

quently, the use of vegetable sources for fatty acid and

organic alcohol-type excipients is becoming more

common. Whether gelatin capsules will be replaced by

starch or cellulose gum-based alternatives (for the same

reason) remains to be seen.
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NOVEL EXCIPIENTS

It might be expected that the increased knowledge of

pathological processes and drug-receptor dynamics, along

with the relentless pressure for manufacturing efficiencies

and economies of scale that have been the hallmark of the

1990s, would also demand and generate new and better

formulation aids. This has not happened. Indeed, some

have implied that excipients available in 2000 A.D. are not

very different from those that were available in 2000 B.C.

(51). While clearly calculated to amuse, the assertion

contains a grain of truth. Only a handful of novel

excipients have emerged over the past 20 years.

The reasons for this are not difficult to understand. Like

novel pharmacological agents, a novel excipient must go

through numerous safety and metabolic evaluation processes

before it can be used in humans. In essence, it would be

necessary to apply for a Type 4 Drug Master File in the United

States, or a Certificate of Suitability in European Union (EU)

countries (50). Such safety and filing programs are expensive

and time-consuming. Furthermore, it is difficult to prove “lack

of activity” in any material. Excipients are not subject to

prescription or pharmacovigilance monitoring, therefore, they

need to be “squeaky clean” before “blanket approval” is

forthcoming. While a novel excipient can be evaluated at the

same time as a novel drug, few organizations wish to put their

investment in a novel drug at risk by partnering it with an

unproven excipient.Therefore, novel excipients are likely to

remain scarce commodities. However, a number of materials

considered as “novel” are evincing interest as formulation aids.

Cyclic Glucose Polymers

Cyclodextrins are not new molecular entities. They were

first reported a century ago. However, it is only relatively

recently that their potential as formulation aids has been

recognized. Their capability to stabilize labile drugs has

already been mentioned. They can also be used to

solubilize highly insoluble molecules as, with the insertion

of the drug in the annulus, the complex largely acquires the

solubility characteristics of the cyclodextrin (52) (Fig. 5).

Inclusion complexes have also been used to successfully

mask taste or odor, reduce sublimation of drugs with high

volatility (53), and enhance thermal stability (54).

The so-called parent cyclodextrins viz the alpha, beta,

and other forms (Fig. 6) have properties that may have

prevented widespread use as formulation adjuvants. The

moderate solubility and the perceived need to form molar

complexes meant that their use would be limited to low-

dose, highly potent compounds. Furthermore, b-Cyclodex-

trin in particular could not be used parenterally because of

renal nephrotoxicity. This was ascribed to its low solubility

possibly associated with the propensity to form a molecular

complex with cholesterol in vivo and precipitate in the

proximal renal tubule. Thus, the potentially most useful

application viz dissolution of poorly soluble compounds for

injection could not be countenanced. However, b-

Cyclodextrin is currently a well-established excipient in

oral dosage forms and has recently been allocated

monographs (as Betadex) in the European Pharmacopoeia

(EP) 2000 and in the U.S. National Formulary, NF 19.

It is also encouraging that derivatized cyclodextrins with

greater solubility are now available. The hydroxypropyl

and sulphobutyl ether derivatives of b-Cyclodextrin (Fig.

7) have much greater solubilities than the parent material.

Indeed, sulphobutyl ether was deliberately developed for

use with parenterals in the knowledge that many novel drug

substances are poorly soluble. Both these forms have been

subjected to comprehensive safety evaluation programs

(parenteral in the case of the sulphobutyl ether), and Drug

Master Files have been lodged with the FDA. Such

Fig. 5 Mechanism of solubilization by cyclodextrins. (Reproduced from CyDex Inc.)
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initiative and commitment on the part of the manufacturers

of these newer agents is particularly praiseworthy in light of

the costly safety evaluation programs. It may well be that

with the availability of such “more suitable” cyclodextrins,

they will find a valuable niche in the armamentarium of the

formulation scientist. The references cited below comprise

two excellent reviews of the promise, properties, and

limitations of cyclodextrins (55, 56).

Thus, cyclodextrins are a family of excipients, each

with somewhat different properties that allow the

possibility of matching individual cyclodextrins to specific

drugs to compensate for a deficiency or to aid performance

in some way.

Fluorocarbons

The replacement of chlorofluorocarbon (CFC) propellants

with the nonozone-depleting hydrofluorocarbons (HFCs)

merit mention for two reasons. First, it illustrates how

environmental impact can be an important selection

Fig. 6 Properties and functional groups of some cyclodextrins. (Reproduced from CyDex Inc.)

Fig. 7 Functional groups of novel cyclodextrins. (Reproduced from CyDex Inc.)
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criterion at a time when “green” issues are high profile.

Second, HFCs were developed and evaluated for safety

and delivery capability by a consortium of pharmaceutical

companies, with costs shared and evaluation programs

defined by prior agreement between end-users and

propellant manufacturers. Such collaboration could be

employed usefully in the future to develop novel

excipients for delivery or targeting. The benefits would

undoubtedly accrue to all.

Polymeric Targeting or Delivery Aids

Many publications, particularly from academic institutes,

contain information concerning synthetic or semisynthetic

polymers, which are designed to enhance targeting or

delivery properties. However, evaluation of the effect of

such material on performance has been invariably

confined to in vitro work or perhaps studies in rodents.

Clearance for use in humans has not been obtained.

Therefore, these substances cannot be considered as

excipients that are readily available to the formulation

technologist.

If few novel delivery materials become available in the

future, the formulation scientist may have to rely on using

mixtures of established excipients that, in combination,

have properties that are “greater than the sum of the parts”

in terms of viscoelasticity, diffusivity, tissue/organ

specificity or other desirable targeting or delivery features.

Such approaches seem likely to provide considerable

scope for creative approaches, and for the formulation

technologist, it should be an exciting and fulfilling road to

travel.

EXCIPIENT SELECTION

The nature and properties of the active ingredient dictate

the choice of an excipient, the dosage form to be

elaborated, and the process by which it is manufactured. It

is also important to know the patient group and clinical

condition. The mode of use of the medication and the

envisaged dose must also be considered. Candidate

excipients should then be evaluated to demonstrate that

they function in the manner intended (do what they are

meant to do) and do not adversely interact with the drug, or

with other excipients. Obviously, they should not have any

pharmacological effect and should not otherwise compro-

mise safety or tolerance.

It is also necessary to consider the regulatory status of

excipients and any country-specific requirements or

constraints. The U.S. and Japanese regulatory agencies

publish lists of excipients used in medicinal products

(57, 58). The materials listed in these compendia can

generally be considered suitable for administration by the

route for which they are already being used. For materials

with no history of previous use, evidence must be provided

that they do not compromise patient safety nor induce any

other undesirable effects.

SOURCING EXCIPIENTS

Excipients can be crucial determinants of product

performance and quality. Thus, they should be sourced

directly from a reputable vendor who has quality systems

in place to ensure consistent manufacture and control.

Procurement from brokers is to be discouraged. Auditing

such providers for the presence of quality systems and

controls should be the norm, particularly if they are new

suppliers to the pharmaceutical industry. A validation

program should be put in place to establish reliability of

the supply source (59). This program should take the

following into account:

1. The nature of the excipient and medicinal product in

which it will be used

2. The conditions under which the materials are

manufactured and controlled

3. The nature and status of the supplier, and his

understanding of the Good Manufacturing Practice

(GMP) requirements of the pharmaceutical industry

4. The Quality Assurance system of the manufacturer.

Excipients, unlike active ingredients, are not currently

subject to regulatory control in terms of GMP unless

they are novel materials (in which case preapproval

inspection for GMP compliance is necessary).

However, the Guide to Good Manufacturing Practice

for Bulk Pharmaceutical Excipients, elaborated by the

International Pharmaceutical Excipients Councils

(IPEC) of Europe and the U.S. while not having any

regulatory status, provides much useful information on

quality systems and is a good reference for performing

audits of excipient facilities (60, 61).

A particular drug or dosage form may have features that

rely on the presence of excipients for stabilization,

delivery, or other performance parameters. Alternatively,

the excipient may need to have additional features to

render it suitable for the product in question (e.g., density,

absence of a particular residue, etc.). In such cases it may

be necessary to agree to extra quality tests and limits over

and above those demanded by pharmacopoeias or applied

by the vendor.
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It is also prudent to be aware of the materials,

reagents, and solvent used in the manufacture of the

excipient and consider potential interactions between

such residues and the active ingredient. It may also be

advisable to agree to a Change Control notification

procedure with the vendor, to avoid the introduction of

new materials in the manufacture of the excipient

without prior consideration of the possible impact on the

medicinal product.

CONCLUSION

Traditional attitudes that viewed excipients as “inert”

materials are long outmoded. It is now well accepted

that they are not merely place fillers but can be true

“partners” of the active ingredient in many medicinal

products and have the potential to enhance or possibly

adversely affect performance. As such, their choice,

quality control, mode of inclusion, stability, and

performance characteristics merit the same attention as

the active ingredient. Thus, knowledge of excipients,

their foibles, and requirements for handling, processing,

and storage are powerful assets in the armamentarium of

the pharmaceutical technologist.

REFERENCES

1. Orr, N. Quality Control and Pharmaceutics of Uniformity
of Content of Medicines Containing Potent Drugs with
Special Reference to Tablets. Progress in the Quality
Control of Medicines; Deasy, P.B., Timoney, R.F., Eds.;
Elsevier Press: Amsterdam, 1981; 193–256.

2. Roy, G.M. Taste Masking in Oral Pharmaceuticals. Pharm.
Technol. (USA) 1994, 18, 84–90.

3. Hutchinson, K. Formulation of Softgels for Improved Oral
Delivery of Hydrophobic Drugs. Excipients and Delivery
Systems for Pharmaceutical Formulations; Royal Society
of Chemistry: Cambridge, 1995; 133–147.

4. Bates, T.R.; Sequira, J.A. Bioavailability of Micronized
Griseofulvin from Corn Oil: In Water Emulsion, Aqueous
Suspension and Commercial Tablet Dosage Forms. J.
Pharm. Sci. 1975, 64, 793–797.

5. Brown, N.J.; Read, N.W.; Richardson, R.D.; Bogentoft, C.
Characteristics of Lipid Substances Activating the Ileal
Brake in the Rat. Gut 1990, 31, 1126–1129.

6. Hunt, J.N.; Knox, M.T. The Slowing of Gastric Emptying
by Four Strong Acids and Three Weak Acids. J. Physiol.
1972, 222, 187–208.

7. Muranishi, S. Drug Targeting towards Lymphatics. Adv.
Drug Res. 1991, 21, 1–37.

8. Barnwell, S.G.; Gauci, L.; Harris, R.; Attwood, D.;
Littlewood, G.; Guard, P.; Pickup, M.E.; Barrington, P.
J. Controlled Release 1994, 28 (1–3), 306–309.

9. Porter, C.H.; Charman, S.A.; Charman, W.N. Lymphatic
Transport of Halofantrine in the Triple-Cannulated
Anaesthetized Rat Model: Effect of Lipid Vehicle
Dispersion. J. Pharm. Sci. 1996, 85 (4), 351–361.

10. Muranishi, S. Absorption Enhancers. Crit. Rev. Drug
Carrier. Syst. 1990, 7 (1), 1–33.

11. Swenson, E.S.; Curatola, W.J. Means to Enhance
Penetration 2. Intestinal Permeability Enhancement for
Protein Peptides and Other Polar Drugs: Mechanisms and
Potential Toxicity. Adv. Drug. Del. Rev. 1992, 8 (1),
39–92.

12. Hidalgo, I.J. Cultured Epithelial Cell Models. Models for
Assessing Drug Absorption and Metabolism; Plenum
Press: New York and London, 1996; 35–48.

13. Hukkinen, S.K.; Varhe, A.; Oikkola, K.T.; Neuvonen, P.J.
Plasma Concentrations of Triaxolam are Increased by
Concomitant Ingestion of Grapefruit Juice. Clin. Pharma-
col. Ther. 1995, 58 (2), 127–131.

14. Edwards, D.J.; Bellevue, F.H.; Woster, P.M. Identification
of 60 70 Dihydroxybergamotin, a Cytochrome P450
Inhibitor in Grapefruit Juice. Drug Metab. Dispos. 1996,
24 (12), 1287–1290.

15. Zaman, M.; McAllister, M.; Martini, L.G.; Lawrence, M.J.
The Physicochemical and Biological Factors Influencing
Bioadhesion. Pharm. Tech. Eur. 1999, 11 (8-Biopharm.
Suppl.), 52–60.

16. Hadgraft, J.; Walters, K.A. Skin Penetration Enhancement.
J. Dermatol. Treat. 1994, 5 (1), 43–47.

17. Wiechers, J. Excipients in Topical Drug Formulations.
Man. Chem. 1998, 17–21.

18. Rogerson, A.; Parr, G.D. Nasal Drug Delivery. Routes of
Drug Administration; Florence, A.T., Salole, E.G., Eds.;
Wright: London, 1990; 1–29.

19. Hnatyszyn, H.J.; Kossovsky, N.; Gelman, A.; Sponsler, E.
Drug Delivery Systems for the Future. PDA J. Pharm. Sci.
Technol. 1994, 48 (5), 247–254.

20. Crowley, P.J. Excipients as Stabilizers. Pharm. Sci. Tech.
Today 1999, 2 (6), 237–243.

21. Carpenter, J.F.; Crowe, J.H. Modes of Stabilization of a
Protein by Organic Solutes during Dessication. Cryobiol.
1988, 25, 459–470.

22. Ganderton, D. The Generation of Respirable Clouds from
Coarse Powder Aggregates. J. Biopharm. Sci. 1992, (3),
102–105.

23. Steckel, H.; Muller, B.W. In Vitro Evaluation of Carrier
Particle Size and Concentration on In Vitro Deposition. Int.
J. Pharm. 1997, 154, 31–37.

24. Chan, H.K.; Clark, A.R.; Gonda, I.; Mumenthaler, M.; Hsu,
C. Spray Dried Powders and Powder Blends of Recombi-
nant Human Deoxyribonuclease (rhDNase) for Aerosol
Delivery. Pharm. Res. 1997, 14 (4), 431–437.

25. Cook, P.; Hersey, J.A. Powder Mixing in the Tableting
of Fenfluramine Hydrochloride: Evaluation of a Mixer.
J. Pharm. Pharmacol. 1974, 26, 298–303.

26. Senderoff, R.I.; Mahjour, M.; Radebaugh, G.W. Charac-
terization of Adsorption Behavior by Solid Dosage Form
Excipients in Formulation Development. Int. J. Pharm.
1992, 83, 65–72.

27. Forni, F.; Coppi, G.; Iannuccelli, V.; Vandelli, M.A.;
Cameroni, R. The Grinding of the Polymorphic Forms of
Chloramphenicol Stearic Ester in the Presence of

Excipients for Pharmaceutical Dosage Forms1162



Colloidal Silica. Acta. Pharmaceutica. Suecica. 1988, 25
(3), 173–180.

28. Buxton, P.C.; Jahnke, R.; Keady, S. Degradation of Glucose
in the Presence of Electrolytes during Heat Sterilization.
Eur. J. Pharm. Biopharm. 1994, 40 (3), 172–175.

29. Lam, X.M.; Constantino, H.R.; Overcashier, D.E.;
Nguyen, T.H.; Hsu, C.C. Replacing Succinate with
Glycollate Buffer Improves the Stability of Lyophilised
Gamma Interferon. Int. J. Pharm. 1996, 142, 85–95.

30. Hollenbeck, G.R.; Peck, G.E.; Kildsig, D.O. Application of
Immersional Calorimetry to Investigation of Solid–Liquid
Interaction: Microcrystalline Cellulose-Water System.
J. Pharm. Sci. 1978, 67 (11), 1599–1606.

31. Khan, K.A.; Musikabhumma, P.; Warr, J.P. The Effect of
Moisture Content of Microcrystalline Cellulose on the
Compression Properties of Some Formulations. Drug Dev.
Ind. Pharm. 1981, 7, 525–538.

32. Lewis, N.G.; Davin, L.B.; Sarkanen, S. The Nature and
Function of Lignins: Comprehensive Natural Products
Chemistry; Pinto, B.M., Ed.; Pergamon Press: Oxford,
1999; 3, Ch. 18.

33. Jivraj, M.; Martini, L.G.; Thomson, C.M. An Overview of
the Different Excipients Useful for the Direct Compression
of Tablets. Pharm. Sci. Technol. Today 2000, 3 (2), 58–62.

34. Guo, J.H. Aging Processes in Pharmaceutical Polymers.
Pharm. Sci. Tech. Today 1999, 2 (12), 478–483.

35. Anonymous. Morbidity and Mortality Weekly Reports
1996, 45 (30).

36. Dubost, D.C.; Kaufman, J.; Zimmerman, J.A.;
Bogusky, M.J.; Coddington, A.B.; Pitzenberger, S.M.
Characterization of a Solid State Reaction Product from a
Lyophilized Formulation of a Cyclic Heptapeptide: A
Novel Example of an Excipient-Induced Oxidation. Pharm.
Res. 1996, 12, 1811–1814.

37. Stabilization of Crystalline Lactose, Netherlands Patent
Application: NL 8301220 A 841101(DMV-Campina B.V.,
Netherlands). Patent Application, NL 83-1220 830407.

38. Brownley, C.A., Jr.; Lachman, L. Preliminary Report on the
Comparative Stability of Certified Colorants with Lactose
in Aqueous Solution. J. Pharm. Sci. Jan. 1963, 52, 86–93.

39. Brownley, C.A., Jr.; Lachman, L. Browning of Spray-
Processed Lactose. J. Pharm. Sci. April, 1964, 53, 452–454.

40. Janicki, C.A.; Almond, H.R., Jr. Reaction of Haloperidol
with 5-(Hydroxymethyl)-2-Furfuraldehyde: An Impurity in
Anhydrous Lactose. J. Pharm. Sci. 1974, 63, 41–43.

41. Wirth, D.D.; Baertschi, S.W.; Johnson, R.A.; Maple, S.R.;
Miller, M.S.; Hallenbeck, D.K.; Gregg, S.M. Maillard
Reaction of Lactose and Fluoxetine Hydrochloride, A
Secondary Amine. J. Pharm. Sci. 1998, 87, 31–39.

42. Aidrian, J. The Maillard Reaction. Handbook of the
Nutritive Value of Processed Food, Rechcigl, M., Ed.;
CRC Press: Boca Raton, FL, 1982; 1, 529–608.

43. Danehy, J.P. Mailliard Reactions: Non-Enzymic Browning
in Food Systems with Specific Reference to the Develop-
ment of Flavor. Adv. Food Res. 1986, 30, 77–138.

44. Neale, G. The Diagnosis, Incidence and Significance of
Disaccharidase Deficiency in Adults. Proc. Royal Soc.
Med. 1968, 61, 1099–1102.

45. Weiner, M., Bernstein, I.L., Eds. Adverse Effects: Bulk
Materials. Adverse Reactions to Drug Formulation Agents;
Marcel Dekker, Inc.: New York, 1989; 89–113, Ch. 6.

46. Weiner, M., Bernstein, I.L., Eds. Adverse Effects: Bulk
Materials. Adverse Reactions to Drug Formulation Agents;
Marcel Dekker, Inc.: New York, 1989; 121–128, Ch. 7.

47. Pinco, R.G. Hurdling International Barriers to Existing and
New Excipients. World Pharm. Stand. Rev. 1991, 2, 14–19.

48. Smith, J.M.; Dodd, T.R.P. Adverse Reactions to Pharma-
ceutical Excipients. Adv. Drug React. Pois. Rev. 1982, 1,
93–142.

49. Taylor, S.L.; Dormedy, E.S. The Role of Flavoring
Substances in Food Allergy and Intolerance. Adv. Food
Nutrition Res. 1998, 42, 1–44.

50. Saiki, J.H.; Thompson, S.; Smith, F.; Atkinson, R.
Paraplegia Following Intrathecal Chemotherapy. Cancer
1972, 29 (2), 370–374.

51. Robertson, M.I. Regulatory Issues with Excipients. Int.
J. Pharm. 1999, 187, 273–276.

52. Staniforth, J.N. Design and Use of Tableting Excipients.
Drug Dev. Ind. Pharm. 1993, 19 (17/18), 2273–2308.

53. Loftsson, T.; Brewster, M. Pharmaceutical Applications of
Cyclodextrins. 1. Solubilisation and Stabilization. J. Pharm.
Sci. 1996, 85, 1017–1025.

54. Duchene, D.; Vaution, C.; Glomot, F. Cyclodextrins: Their
Value in Pharmaceutical Technology. Drug Dev. Ind.
Pharm. 1986, 12 (11/13), 2193–2215.

55. Cwiertnia, B.; Hladon, T.; Stobieki, M. Stability of
Diclofenac Sodium in the Inclusion Complex with
b-Cyclodextrin in the Solid State. J. Pharm. Pharmacol.
1999, 51 (11), 1213–1218.

56. Stella, V.J.; Thompson, D.O. Cyclodextrins-Enabling
Excipients: Their Present and Future Use in Pharmaceu-
ticals. Crit. Rev. Ther. Drug Carrier Syst. 1997, 14 (1),
1–104.

57. Stella, V.J.; Rajewski, R.A. Cyclodextrins: Their Future in
Drug Formulation and Delivery. Pharm. Res. 1997, 14 (5),
556–567.

58. Inactive Ingredients Guide Division of Drug Information
Resources; United States Food & Drug Administration
Center for Drug Evaluation Research (CDER): Rockville,
MD, Jan 1996.

59. Japanese Pharmaceutical Excipients Directory 1996
Japanese Pharmaceutical Excipients Council, Eds.; Yakuji
Nipo, Ltd.: Tokyo, MHW, Japan, 1996.

60. Rules and Guidance for Pharmaceutical Manufacturers
and Distributors; Medicines Control Agency (UK), HMSO:
London, 1997, Section 5, Annex 8.

61. Mervcill, A. A Good Manufacturing Practices Guide for
Bulk Pharmaceutical Excipients. Pharm. Technol. (USA)
1995, 19, 34–40.

62. Weiner, M., Bernstein, I.L., Eds. Adverse Reactions to
Drug Formulation Agents (A Handbook of Excipients);
Marcel Dekker, Inc.: New York, 1989.

63. Kibbe, A.J., Ed. Handbook of Pharmaceutical Excipients,
3rd Ed.; Pharmaceutical Press: London, 2000.

64. Inactive Ingredients Guide Division of Drug Information
Resources; United States Food & Drug Administration,
Center for Drug Evaluation Research (CDER), Rockville,
MD, Jan 1996.

65. Japanese Pharmaceutical Excipients Directory 1996,
Japanese Pharmaceutical Excipients Council, Eds.; Yakuji
Nipo Ltd.: Tokyo, 1996.

Excipients for Pharmaceutical Dosage Forms 1163


