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Introduction: There is a growing need for the development of pharmaceutical

excipients that could improve product performance and overcome the short-

comings of new drug moieties, such as their poor solubility and membrane

permeability, as well as to aid with modern manufacturing processes.

Areas covered: Different types of functional excipients are discussed in this

paper, in terms of their roles in modern dosage forms to optimize drug delivery

and manufacturability. Functions of specialized excipients that are covered in

this article include the enhancement of drug membrane permeability, the

improvement of drug solubility and stability, the regulation of drug release

in response to feedback mechanisms and assistance with the production of

dosage forms.

Expert opinion:Modern drug delivery systems rely on sophisticated excipients

with multiple functions to improve overall product performance. The excipi-

ent market is expected to grow substantially with emerging trends in the

development of these advanced drug delivery systems.

Keywords: absorption enhancer, biopharmaceutics classification system, controlled release,

multifunctional, pharmaceutical excipient

Expert Opin. Drug Deliv. (2012) 9(2):219-230

1. Introduction

A drug is usually not administered alone in its pure form, but is combined with
additives or excipients to facilitate the preparation of an effective drug delivery sys-
tem [1]. The term ‘excipient’ originated from the Latin word excipiens derived from
the verb excipere, which literally means ‘to mix.’ Pharmaceutical excipients have
originally been included in dosage forms to serve as vehicles and to provide the cor-
rect consistency, shape or mass. Excipients were conventionally not considered to be
pharmacologically active or expected to participate in the pharmacological activity
of the active pharmaceutical ingredient in any way. For this reason, the importance
of pharmaceutical excipients in drug delivery has for a long time been largely
underestimated [2-4]. Traditionally, the following typical pharmaceutical excipients
have been incorporated in dosage forms [3]:

. fillers/bulking agents to make up volume,

. binders to assist in tablet formation during compaction,

. disintegrants to improve tablet breakup,

. lubricants to prevent sticking to punches,

. propellants to assist in delivery of inhalants from pressurized cans,

. emulsifying/solubilizing agents to assist in the formation of acceptable liquid
dosage forms,

. colorants or flavorants to improve organoleptic properties of dosage forms, and

. coating agents to delay drug release or improve stability.
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Nowadays, a combination of excipients that fulfill different
functions or a single multifunctional excipient is necessary to
meet the needs of modern formulation scientists to produce
pharmaceutical products with improved performance. Fur-
thermore, a single multifunctional excipient reduces the final
product cost by reducing the total number of ingredients
needed in a formulation and simplifying the preparation
method. It also reduces the chances of excipient--drug or
excipient--excipient interactions [5,6].
The International Pharmaceutical Excipient Council has

defined a pharmaceutical excipient as follows: ‘Substances,
other than the active drug 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 manufac-
ture, 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’ [7]. The modern tendency is to develop pharmaceutical
products with excipients that have specific functionality-
related characteristics. The term ‘functionality’ in this
context can be described as a material with a specific prop-
erty that improves the manufacture, quality or performance
of the drug product [8]. Excipients have been categorized
into three classes based on their functions in dosage forms
namely those that influence stability, those that influence
drug release and absorption and those that influence manu-
facturability [9]. High-functionality or multifunctional exci-
pients are defined as those excipients that are able to
contribute to at least two functions in a formulation
through a single ingredient. These functions include improved
processability of active pharmaceutical ingredients into dosage

forms, better tablet binding and disintegration, higher drug
stability, increased drug solubility and enhanced drug
bioavailability [10,11]. The schematic illustration in Figure 1

compares the components and characteristics of a conven-
tional pharmaceutical product containing multiple exci-
pients and an improved pharmaceutical product containing
a single multifunctional excipient.

The type of excipient required in a dosage form to optimize
drug delivery is determined by the type of constraint prevent-
ing the drug from reaching the optimum therapeutic plasma
level. It is, however, important to realize that multiple factors
are usually simultaneously responsible for drug delivery prob-
lems [12]. This strengthens the view that a single multifunc-
tional excipient or multiple excipients each with a specific
function are needed to address multiple factors contributing
to the poor performance of certain conventional dosage forms
and/or to address the unfavorable physicochemical properties
of some of the new drug moieties in order to optimize
drug delivery.

2. Excipients enhancing membrane
permeability

Limited permeability across biological membranes is arguably
one of the most significant obstacles that prevent the achieve-
ment of therapeutic blood levels of macromolecular and
hydrophilic drugs administered by enteral routes of adminis-
tration. Although several strategies have been proposed to
overcome low membrane permeability, coadministration of
chemical permeation enhancers has been identified as
a promising solution. Unfortunately, the use of chemical
permeation enhancers as functional excipients in dosage
forms has been restricted by indications of toxicity asso-
ciated with their ability to enhance drug absorption. For
example, although the drug absorption-enhancing effects of
bile salts are reversible, they can still cause damage to the
intestinal mucosa due to the removal of phospholipids and
proteins from the cell membranes. Surfactants such as poly-
oxyethylene ethers as well as the acylcarnitine, palmitoyl-
DL-carnitine chloride, not only showed high potential as
absorption enhancers but also decreased cell viability in
several in vitro and in vivo tests. It was shown, however,
that certain compounds provide effective drug absorption
enhancement without causing significant toxicity and thereby
keeping the possibility alive of finding a commercially viable
absorption-enhancing agent [12,13].

Many excipients included in formulations that are assumed
not to influence drug absorption may have an unwanted effect
on the active pharmaceutical ingredient’s pharmacokinetics,
which can affect its efficacy or lead to side effects [14]. On the
other hand, permeation-enhancing excipients can be inten-
tionally included in formulations to modulate drug absorption
in a controlled manner by different mechanisms and thereby
optimize systemic drug delivery [15]. The simplicity with which
absorption-enhancing excipients can be incorporated into

Article highlights.

. Excipients are not only used to formulate active
pharmaceutical ingredients into administrable dosage
forms, but also needed to improve
product performance.

. A single multifunctional excipient could reduce cost by
reducing the total number of excipients needed to
effectively deliver the drug and simultaneously simplify
the production process.

. Modern excipients fulfill specialized functions in
advanced drug delivery systems such as enhancing
membrane permeability, improving solubility, preventing
degradation, controlling drug release according to the
need of the patient and streamlining the
manufacturing process.

. Novel excipients can be produced by chemical or
physical modification of current excipients or by
combining excipients in physical mixtures or through
coprocessing techniques.

This box summarizes key points contained in the article.
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dosage forms renders them more financially feasible than the
development of sophisticated parenteral dosage forms [16].

Different permeation-enhancing agents with diverse
chemical structures have been investigated for their ability to
overcome the physical barriers of the cell layers lining the dif-
ferent enteral routes of drug administration [17]. They improve
drug absorption by means of several different mechanisms
such as disrupting cell membranes to increase transcellular
passive diffusion [18], loosening of tight junctions to allow
paracellular transport [19], serving as substrates for transport
carriers [20], serving as vectors to carry cargo molecules across
the membrane [21] or inhibiting active efflux transporters [22].

A large number of chemical permeation enhancers have
been investigated for their drug absorption-enhancing effects
by means of different mechanisms of action. Selected exam-
ples of these permeation-enhancing agents for the intestinal
route of administration are given in Table 1.

Some of these absorption-enhancing agents have also been
investigated for their drug permeation-enhancing effects
across mucosa of other routes of administration. The
cationic polysaccharide, chitosan and its derivatives have,
for example, been found to enhance drug absorption not
only across the intestinal epithelium [23], but also across the
nasal [24], buccal [25] and pulmonary mucosa [26] as well as
transdermally [27].

The profile of the intended pharmaceutical product needs
to be considered for effective permeation-enhancing agents
to be developed rationally. Important factors include stability
of the permeation enhancer at the storage conditions of the
product (e.g., room temperature vs cold chain), stability in
the type of formulation (e.g., solution vs solid dosage form)
and cost of the final product if the permeation enhancer is
included as an excipient, which is also linked to its potency
or the amount that needs to be included [19].

3. Excipients enhancing drug solubility

Membrane permeability and the solubility behavior of a drug
can be considered as key determinants of oral bioavailability.
Classical examples of drugs for which solubility has presented
as a challenge in oral dosage forms include griseofulvin,
digoxin and chloramphenicol [28]. Based on the ability of a
drug to permeate a biological membrane and the solubility,
drugs can be classified into four groups (Table 2).

An astonishing 40% of all new active pharmaceutical ingredi-
ent candidates possess poor aqueous solubility [29]. The aqueous
solubility of a compound can be considered as a major indicator
for the solubility in the intestinal fluids and consequently contrib-
utes to bioavailability issues [30]. The contribution of solubility to
bioavailability problems can be attributed to the fact that
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Manufacturing process

Excipient 1
e.g., filler

Excipient 3
e.g., disintegrant

Excipient 4
e.g., lubricant

Active
pharmaceutical
ingredient

Excipient 2
e.g., binder

M
anufacturing process

- A high number of quality tests to be conducted on
  each of a relatively large number of excipients
- Complex manufacturing process
- High probability of both drug-excipient and
  excipient-excipient interactions
- Relatively long time needed for product
  development
- Complex sourcing process of a large number of
  excipients and costly
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Manufacturing process

Manufacturing process

Single multifunctional excipient

Active
pharmaceutical
ingredient
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anufacturing process

- A lower number of quality tests to be conducted
  due to a lower number of excipients
- Simplified manufacturing process
- Low probability of both drug-excipient and
  excipient-excipient interactions
- Relatively short time needed for product
  development
- Multifunctional excipients can be tailor made for
  specific formulation needs
- Improved product performance and lower overall
  cost

Figure 1. Comparison of the components and characteristics of A) conventional pharmaceutical product containing multiple

excipients and B) improved pharmaceutical product containing a single multifunctional excipient.
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dissolution is often the rate-limiting step in the absorption of
moderate to poor water-soluble compounds [31]. The influ-
ence of the solubility of a drug on the dissolution rate is evi-
dent from the Noyes--Whitney equation [32]:

dC

dt t= −k C C( ),5

where
dC

dt
is the dissolution rate of the drug; k is a constant;

Cs is the solubility of the drug and Ct is the concentration
of the drug in the dissolution medium, for example,
gastrointestinal fluids.
Typically, compounds that are classified as BCS class II or

class IV drugs dissolve slowly, poorly and irregularly and as a
consequence can pose serious systemic delivery challenges.
These challenges include incomplete release from the
dosage form, poor bioavailability as well as high inter-patient
variability [33]. To improve the solubility of poorly soluble
compounds, various techniques and excipients are available.
Since this article focuses on excipients, those that are used to
improve drug solubility will be discussed in the following sec-
tions in more detail, while the techniques fall outside the
scope and will not be covered except where it directly relates
to excipients. Excipients that have an effect on the solubility
of drugs can be classified into the following groups [34]:

. Surfactants,

. water-soluble organic solvents,

. water-insoluble lipids (oils),

. organic liquids/semisolids,

. phospholipids,

. cyclodextrins and

. buffers.

3.1 Surfactants
Surfactants can play a functional role in pharmaceutical dos-
age forms such as modulating solubility and, therefore, the
bioavailability of compounds. Nonionic surfactants and poly-
mers are widely used for this purpose and their popularity
stems from both their high surface activity and low toxic-
ity [35]. Surfactants can increase the solubility of substances
by either a direct co-solvency effect or uptake into micelles [34].
In Table 3, examples of commonly used surfactants used in
pharmaceutical formulations are listed.

Some examples of drug products commercially available
that contain surfactants are Neoral� (active ingredient: cyclo-
sporin A; surfactant: Cremophor RH 40), Kaletra� (active
ingredients: lopinavir and ritonavir; surfactant: Cremophor
EL) and Rapamune� (active ingredient: sirolimus; surfactant:
polysorbate 80) [34].

3.2 Water-soluble organic solvents
The solubility of a drug can be higher in amixture of solvents than
in one solvent such as water alone. This phenomenon is called
co-solvency [36]. By adding a co-solvent, the polarity of the solvent
system is altered to increase the solubility of poorly soluble com-
pounds.Water-soluble co-solvents disrupt water’s self-association
and reduce the ability of water to squeeze out nonpolar
hydrophobic compounds, thereby increasing solubility [37].

Table 1. Examples of potential permeation-enhancing excipients categorized according to their mechanisms of

action for the intestinal route of administration.

Examples of permeation-enhancing excipients according to mechanism of action

Membrane disrupting

agents/modulators

of membrane fluidity

Modulators of tight

junctions/intercellular

joints

Substrates of

uptake

transporters

Vectors/carriers

across membranes

Inhibitors of

efflux transporters

Hydroxypropyl beta
cyclodextrin, dimethyl
beta cyclodextrin [85]

Medium-chain fatty
acids, cyclodextrins,
bile salts [86,87]

N-acetylcysteine, p-t-octyl
phenol polyoxyethylene-
9.5 [88]

N-[8-(2-hydroxybenzoyl)
amino] caprylate [89]

Zonula occludens toxin,
delta G [90]

Dodecylmaltoside [91]

Cyclodextrin, chitosan and
sodium lauryl sulfate [92]

Poly(methacrylic acid)
grafted with poly(ethylene
glycol) [93]
Sodium caprate
and melittin [94]

Aloe vera gel and whole
leaf material [95]
Sinomenine [96]

Vitamin B12 [97]

Pro-drugs
targeting hPepT1
transporters [98]

Sodium N-[8-(2-
hydroxybenzoyl)
amino] caprylate [99]

Penetratin [100]

Oligoarginine,
Penetratin [101]

Verapamil, cyclosporine
[22]

Surfactants such as
polysorbate [102]

Thiolated poly(ethylene
glycol)-polyethylenimine
copolymer [103]

Table 2. The biopharmaceutics classification system

(BCS) [104].

Class Solubility Permeability

1 High High
2 Low High
3 High Low
4 Low Low

Excipients with specialized functions for effective drug delivery
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Various water-soluble organic solvents (co-solvents) are employed
as solubilizers. Commonly employed organic solvents in oral and
injectable formulations include ethanol, glycerol, propylene
glycol and polyethylene glycol 400. The common use of these
co-solvents can be attributed to their low toxicity [34,38,39].

Some examples of drug products commercially available that
contain water-soluble organic solvents are Lanoxin� soft gelatin
capsules (active ingredient: digoxin; co-solvents: ethanol and
propylene glycol), Claritin� syrup (active ingredient: lorata-
dine; co-solvent: propylene glycol) and Donnatal� elixir (active
ingredient: phenobarbital; co-solvent: ethanol) [34].

3.3 Water-insoluble lipids (oils), organic

liquids/semi-solids and phospholipids
This group includes a broad range of excipients, which
are generally incorporated into ‘lipid’ formulations for drug
delivery. Lipid-based formulations can range from simple
solutions to complex mixtures of oils, surfactants, co-surfac-
tants and co-solvents. These more complex systems are often
referred to as self-emulsifying drug delivery systems or
self-microemulsifying drug delivery systems [40,41].

Lipid-based formulations can enhance the bioavailability
of poorly soluble substances by keeping it in solution. The
simplest lipid-based formulations are prepared by dissolving
the drug in a digestible oil, usually a vegetable oil or
medium-chain triglyceride (e.g., fractionated coconut oil).
Long-chain triglycerides such as peanut oil, corn oil, sesame
oil, olive oil and peppermint oil are also included in this
group. These do not present a toxicological risk and are
safe food substances. Most of the oily oral formulations are
filled into soft gelatin capsules but some are formulated as
oral solutions [34,42].

With regard to the more complex lipid-based systems, several
classes of excipients such as surfactants and co-solvents are
included simultaneously with the lipid excipient. The most
widely used surfactants are the nonionic surfactants especially
those with a high hydrophilic--lipophilic balance. Themost com-
mon examples include various solid or liquid ethoxylated poly-
glycolyzed glycerides and polyoxyethylene 20 oleate (Tween
80). Co-solvents are included as they can dissolve the drug or a
hydrophilic surfactant. Besides this function, co-solvents can
also act as co-surfactants [43].

Table 3. Examples of surfactants commonly used in pharmaceutical formulations [34,105].

Chemical group Chemical name Commercial name Application and dosage form

Sorbitan esters Sorbitan laurate Span 20 Employed as water-in-oil
emulsifiers and as wetting
agents

Sorbitan palmitate Span 40
Sorbitan stearate Span 60
Sorbitan tristearate Span 65
Sorbitan oleate Span 80
Sorbitan trioleate Span 85

Polysorbates Polyoxyethylene (20)
sorbitan laurate

Tween 20 Employed as emulsifiers in
oil-in-water emulsions

Polyoxyethylene (20)
sorbitan palmitate

Tween 40

Polyoxyethylene (20)
sorbitan stearate

Tween 60

Polyoxyethylene (20)
sorbitan tristearate

Tween 65

Polyoxyethylene (20)
sorbitan oleate

Tween 80

Polyoxyethylene (20)
sorbitan trioleate

Tween 85

Macrogol ethers Cetomacrogol 1000 Emulsifier in oil-in-water
emulsions Cremophors are
quite effective solubilizers of
hydrophobic drugs

Polyoxyethylene (4)
lauryl ether

Brij 30

Polyoxyethylene (2)
stearyl ether

Brij 72

Polyoxyethylene (10)
oleyl ether

Brij 97

Polyoxyl 35 castor oil Cremophor EL
Polyoxyl 40 hydrogenated
castor oil

Cremophor RH 40

Polyglycolyzed glycerides Polyoxyethylated
oleic glycerides

Labrafil M-1944CS To formulate water-insoluble
drugs in lipid-based
formulationsPolyoxyethylated

linoleic glycerides
Labrafil M-2125CS

Polyoxyethylated
caprylic glycerides

Labrasol

Hamman & Steenekamp
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Some examples of drug products commercially available
that contain water-insoluble lipids are Prometrium� soft
gelatin capsules (active ingredient: progesterone; lipid: peanut
oil), Marinol� soft gelatin capsules (active ingredient: drona-
binol; lipid: sesame oil) and Sandimmune� oral solution
(active ingredient: cyclosporin A; lipid: olive oil) [34].

3.4 Cyclodextrins
Cyclodextrins are cyclic oligosaccharides. The most important
structural feature of these compounds is their toroidal or dough-
nut shape. The cavity of this structure exhibits a hydrophobic
character and the outside of the structure is hydrophilic [44].
Only a-cyclodextrin, b-cyclodextrin and g-cyclodextrin as well
as some of their derivatives have advanced to the market. The
two most important cyclodextrin derivatives for pharmaceutical
applications are hydyroxypropyl-b-cyclodextrin (HPbCD) and
sulfobutylether-b-cyclodextrin (SBEbCD) [45].
Cyclodextrins solubilize drugs by forming inclusion com-

plexes by taking up a lipophilic drug or a lipophilic part of the
drug into the hydrophobic cavity of the cyclodextrin molecule.
During complexation, no covalent bonds are formed and the
drug molecules in complex are in rapid equilibrium with those
in solution. In terms of stoichiometry, the most common type
of cyclodextrin complexes is 1:1 complexes. Cyclodextrins
improve the apparent solubility and thereby the dissolution rate
of poorly soluble drugs by means of inclusion complexation [46].
An example of a drug product commercially available that

contains cyclodextrin is Sporanox� solution (active ingredient:
itraconazole; cyclodextrin: HPbCD) [34].

3.5 Buffers
Drugs that are ionizable such as weak acids or bases exhibit
pH-dependent solubility. The extent of ionization of weak
acidic and basic drugs depends on the dissociation constant of
the drug and the pH of the dissolution medium [47]. The union-
ized form of a drug is less soluble than the ionized form, and it
follows that by manipulating pH, solubility can be enhanced.
Often, an ionizable drug can be solubilized by pH adjustment
if the drug’s pKa value is sufficiently apart from the pH of the
formulation (liquid formulations) [34]. Adjustment of the pH
is achieved by employing pharmaceutical buffers. Examples of
pharmaceutical buffers include boric acid/sodium borate and
sodium acid phosphate/disodium hydrogen phosphate.
Some examples of drug products commercially available

that contain buffers are Agenerase� (active ingredient: ampre-
navir; buffer: citric acid/sodium citrate) and Kaletra� oral
solution (active ingredient: lopinavir and ritonavir; buffer:
citric acid/sodium citrate) [34].

4. Excipients protecting drugs against
degradation

The stability of drugs is an important aspect in the develop-
ment of drug formulations. Excipients are rather known for
their ability to promote drug degradation than to promote

drug stability. This can be related to the fact that excipients
sometimes possess functional groups that can interact with
labile active ingredients [48]. However, excipients that can pro-
tect the active ingredient from degradation can fulfill an
important function in pharmaceutical formulations [49,50]. In
terms of promoting drug stability, excipients can be classified
as follows [51]:

. Antioxidants,

. chelating agents,

. preservatives,

. stabilizers and

. buffers.

Drug degradation by means of oxidation is second only to
hydrolysis as the major mechanism of drug breakdown.
Therefore, antioxidants are frequently employed as stabilizing
agents in pharmaceutical products [48,52]. Examples of com-
monly used antioxidants include tocopherol, butylated
hydroxyanisole and butylated hydroxytoluene [53]. Cyclodex-
trins have also been shown to protect drugs not only against
oxidation, but also against hydrolysis and photodecomposi-
tion [54]. The stabilization effect is due to the complexation
of the labile drug molecule with the cyclodextrin molecule.
Sulfobutylether-b-cyclodextrin exhibited a greater stability
enhancement than the other cyclodextrins [55].

Certain degradation reactions such as oxidation and
photolytic degradation can be catalyzed by certain factors
such as the presence of heavy metals. For this reason, chelat-
ing agents such as ethylenediaminetetraacetic acid can be
incorporated into pharmaceutical formulations to improve
drug stability [56].

Drug degradation can be pH dependent; the photodegra-
dation of ciprofloxacin is, for example, more prominent at a
slightly basic pH. Stability of this drug could be considerably
improved by lowering the pH to between 3 and 4, where the
drug exhibits maximum stability. Examples of buffers used in
pharmaceutical products include citrate, acetate and phos-
phate buffers [57]. Besides buffer systems, other excipients
such as citric acid, monobasic sodium phosphate and dibasic
sodium phosphate and sodium hydroxide are also used alone
to adjust the pH of formulations and thereby increase the
stability or even the solubility of a drug [50,52].

5. Excipients improving the manufacture
of dosage forms

Modern high-speed rotary tablet presses have reduced time for
pressure application to the powder mixture during the forma-
tion of a compact while producing tablets, which places
increased demands on the flow and compression properties
of excipients. Differences in properties may occur in tablets
produced by these high-speed machines compared with those
produced by single-punch presses during the dosage form
development process and, therefore, emphasizes the need to

Excipients with specialized functions for effective drug delivery
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find more versatile excipients that can withstand these changes
during upscaling from laboratory to production batch
sizes [58]. By chemical and physical modifications of hydro-
genated isomaltulose, which is a disaccharide (6-O-a-D-
glucopyranosyl-fructose) derived from sucrose, a range of
multifunctional excipient materials (GalenIQ�) have been
developed to assist in the tablet production process [59].
Another example of chemical modifications to a well-known
excipient is the formation of starch acetates with different
degrees of substitution to improve the poor flow properties
and sensitivity of native starches to the effects of lubricants
in the formulation of direct compressible tablets with
modified release properties [60].

In addition to chemical modifications, the properties of
existing excipients can be modified to improve their perfor-
mance in formulation design by changing their manufactur-
ing processes. For example, the flow properties of starch are
improved by preparing pregelatinized starch containing
powder particles that are chemically and physically different
in nature compared with starch as produced by means of a
mechanical and/or chemical process such as heating starch
in a solution [61]. Partially pregelatinized starch is obtained
by mixing fully pregelatinized starch with unmodified
starch, amylose and amylopectin to produce a multifunc-
tional excipient that not only is an effective binder but also
serves as a disintegrant, flow aid and lubricant. Starch
1500� is an example of a very effective disintegrant and con-
sists of partially pregelatinized starch that is prepared by a
process that breaks the bonds between amylose and amylo-
pectin molecules, which are normally bound together in a
spherical crystal structure [6].

Coprocessing is yet another way to modify excipient perfor-
mance and has the advantage of having a lower risk of failing
regulatory approval when it is prepared from excipients
already generally regarded as safe [62]. Coprocessing involves
combination of excipients by appropriate processes such as
crystallization, spray-drying and granulation that provides a
product that has superior properties compared with that of a
simple physical mixture of the individual excipients [63,64].
An example of a coprocessed excipient used as a multifunction
sustained-release agent in direct-compressed matrix-type
tablets is that of glyceryl behenate and povidone produced
by a hot-melt process [65].

Several coprocessed cellulose excipients exist such as a
product that consists of microcrystalline cellulose and colloi-
dal silicon dioxide with enhanced flow and compaction
properties (Prosolv� SMCC). Another coprocessed excipient
consisting of microcrystalline cellulose, sodium starch glyco-
late and sodium stearyl fumarate (Prosolv� Easy Tab) facili-
tates rapid tablet manufacturing [66]. Magnesium silicate
coprocessed with starch by means of a co-precipitation tech-
nique resulted in a multifunctional excipient that produced
compacts with higher mechanical strength, short disintegra-
tion time and less lubricant sensitivity [67]. A universal
granular excipient based on microcrystalline cellulose,

hydroxypropyl methyl cellulose and crospovidone (PanExea
MCC333G) provides particles with a unique shape, porosity
and surface activity to improve flowability, compressibility
and mixing ability. A comprehensive list of commercially
available multifunctional excipients produced by coprocess-
ing that are used to improve manufacturability is available
elsewhere [9].

6. Excipients modifying drug release

Direct-compressible monolithic matrix-type tablets are con-
sidered as one of the most popular controlled-release drug
delivery systems due to relative ease and low cost of manufac-
ture [68]. Polymers have been successfully employed as matrix-
forming excipients in controlled-release oral dosage forms.
Several natural and synthetic polymers, which are either bio-
degradable or nondegradable, have been investigated for this
purpose [69]. Hydroxypropyl methyl cellulose is one of the
most commonly used hydrophilic polymers as excipient in
matrix-type tablets [70], but several other polymers have been
investigated for modifying drug release from matrix systems
such as xanthan gum [71], alginate [72], guar gum [73], high-
amylose carboxymethyl starch [74], carbomer [75] and pectin [76].
Different combinations of polymers as well as interpoly-
meric complexes have also been employed as excipients in
matrix-type dosage forms [77-79].

The conventional aim of modified-release drug delivery
systems is to achieve zero-order drug release so that blood
plasma levels remain constant at an optimum level of
therapeutic effectiveness over an extended period of time.
For some drugs the challenge is, however, to find tailor-
made excipients with the ability to release drug based on pre-
determined responses to supply drug according to the needs of
the patient. In certain conditions, the programmability of the
drug release is of primary concern to treat imbalances of bio-
logical homeostasis. The conventional concept of therapeutic
window should, therefore, be extended to include a specific
time of reaching the therapeutic levels. For example, the use
of advanced or so-called smart polymers in innovative dosage
forms would be able to deliver a drug like insulin in response
to a rise in blood glucose levels [80,81].

Recent advancements in synthesis of biocompatible poly-
mers has led to the development of drug delivery systems,
where the rate of drug release is determined by feedback infor-
mation from environmental changes such as temperature, pH,
enzyme--substrate reactions, competitive binding, antibody
interactions and concentration of certain molecules or by
external triggers such as ultrasound, magnetic field, electric
stimulation, light, chemicals or biochemical agents to provide
pulsatile drug release [82]. Stimuli-sensitive polymers have
been classified into groups that include interpolymeric com-
plexes, graft copolymers and hydrogels [83], and examples of
polymers from these groups that are sensitive to different
stimuli for inclusion in novel drug delivery systems have
been summarized before [84].
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7. Conclusion

Functional excipients are essential components of pharma-
ceutical products that are included in the formulation to
play specific roles such as to assist in the manufacturing pro-
cess of the dosage form or to improve drug delivery. The
emerging trend is to incorporate a lower number of multi-
functional excipients in advanced drug delivery systems.
These multifunctional excipients can each fulfill different
functions in a dosage form; for example, an excipient can
be used not only to improve compressibility of a tablet but
also to ensure fast disintegration. Specialized functions that
excipients need to fulfill in modern drug delivery systems
include enhancement of drug membrane permeability,
increased drug solubility, improved drug stability, modifica-
tion of drug release and facilitation of the drug manufactur-
ing processes. New excipients with tailor-made properties
can be prepared by synthesis of new compounds,
by chemical and physical modifications of existing excipients
or by using techniques such as coprocessing. These newly
designed multifunctional excipients have the potential to
increase pharmaceutical product performance and decrease
the overall cost.

8. Expert opinion

The awareness that even the so-called inert excipients were
performing necessary functions in dosage forms have stimu-
lated further interest in finding new compounds that can
play specific roles such as facilitating dosage form manufac-
ture and improving the therapeutic outcomes of active phar-
maceutical ingredients by improving their bioavailability.
This is becoming even more important with new drug moie-
ties that are complex and that face challenges such as low sol-
ubility and low membrane permeability. The concept of
‘multifunctional excipients’ is not new but needs to be rede-
fined because novel excipients are now developed that can
perform specialized functions in addition to the conventional
roles. These functions include enhancement of drug absorp-
tion, controlled modulation of drug stability, improved drug

solubility and stimuli-responsive drug release in addition to
the usual functions of providing sufficient mass to highly
potent, low-dose drugs or compressibility or binding with
good disintegration for tablets.

It is important to mention that the need for new multifunc-
tional excipients implies a need for standardization of func-
tionality tests to identify potential candidates for further
development. These screening tests should be accurate and
meaningful to facilitate excipient selection according to the
needs of the formulator for a specific drug delivery system.
Properties such as the functionality, safety, compatibility,
availability and cost of the new excipient are important aspects
that should be made available to formulators.

Although the process to gain regulatory approval for new
excipients is probably too costly to justify continuous devel-
opment efforts for innovative excipient materials that could
potentially bring about relatively modest cost savings, realis-
tic and affordable techniques exist to get better performance
out of existing excipients. These methods that include chem-
ical and physical modifications as well as coprocessing tech-
niques to provide excipients with improved functionality in
dosage form design will be increasingly exploited by role
players in the pharmaceutical industry. Through these tech-
niques, excipients can be tailor made to provide a competi-
tive edge in modern pharmaceutical products. There are
indications that these excipients will revive interest in the
field of excipient development to establish an economically
viable environment for investments in research to provide
novel excipients. Multifunctional excipients are essential to
develop a new generation of advanced drug delivery systems
and hold the key to improve the therapeutic value of conven-
tional and new drug moieties. With the current emergence
of novel drug delivery system platforms, it is expected that
the global excipient market will grow substantially in the
near future.

Declaration of interest

The authors state no conflict of interest and have received no
payment in preparation of this manuscript.

Excipients with specialized functions for effective drug delivery

226 Expert Opin. Drug Deliv. (2012) 9(2)

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



Bibliography
Papers of special note have been highlighted as

either of interest (�) or of considerable interest
(��) to readers.

1. Airaksinen S, Karkalainen M,

Kivikero N, et al. Excipient selection can

significantly affect solid-state phase

transformation in formulation during wet

granulation. AAPS PharmSciTech

2005;6:E311-22

2. De Jong HJ. The safety of

pharmaceutical excipients. Therapie

1999;54:11-14

3. Baldrick P. Pharmaceutical Excipient

development: the need for preclinical

guidance. Regul Toxicol Pharmacol

2000;9:210-18
. Suggested guidelines for approval of

new excipients.

4. Fabiano V, Mameli C, Zuccoti GV.

Paediatric pharmacology: remember the

excipients. Pharmacol Res 2011;63:362-5

5. Builders PF, Bonaventure AM,

Tisalade A, et al. Novel multifunctional

pharmaceutical excipients derived from

microcrystalline cellulose-starch

microparticulate composites

prepared by compatibilized reactive

polymer blending. Int J Pharm

2010;388:159-67

6. Shaffer C. Reliable binders made new

again by clever modification.

Pharm Formulation Qual

2010;February/March:1-2

7. Robertson MI. Regulatory issues with

excipients. Int J Pharm 1999;187:273-6

8. Moreton RC. Functionality and

performance of excipients.

Pharm Technol 2006;October:1-8
.. This article defines functionality of

excipients in pharmaceutical products.

9. Apte SP, Ugwu SO. A review and

classification of emerging excipients in

parenteral medications. Pharm Technol

2003;27:46-60

10. Deorkar N, Baker M. High functionality

excipients: a review. Tablets Capsules

2008;6:22-7
. Explaining the role of

multifunctional excipients.

11. Sonal SM, Jiny VK, Aneesh TP, et al.

Emerging role of excipients in the

pharmaceutical industry.

Pharm Biol World 2008;August:63-6
. Giving perspective on the importance

of excipients in modern dosage forms.

12. Aungst BJ. Intestinal permeation

enhancers. J Pharm Sci 2000;89:429-42

13. Whitehead K, Karr N, Mitragotri S. Safe

and effective permeation enhancers for

oral drug delivery. Pharm Res

2008;25:1782-8

14. Goole J, Lindley DJ, Roth W, et al. The

effects of excipients on transporter

mediated absorption. Int J Pharm

2010;393:17-31

15. Genazzani AA, Pattarino F. Difficulties

in the production of identical drug

products from pharmaceutical technology

viewpoint. Drugs R D 2008;9:65-72

16. Sharma P, Varma MVS, Chawla HPS,

et al. In situ and in vivo efficacy of

peroral absorption enhancers in rats and

correlation to in vitro mechanistic

studies. Il Farmaco 2005;60:874-83

17. Moeller EH, Jorgensen L. Alternative

routes of administration for systemic

delivery of protein pharmaceuticals.

Drug Discov Today Technol

2008;5:e90-4

18. Majumdar S, Duvvuri S, Mitra AK.

Membrane transporter/receptor-targeted

prodrug design: strategies for human and

veterinary drug development. Adv Drug

Deliv Rev 2004;56:1437-52

19. Johnson PH, Frank D, Constantino HR.

Discovery of tight junction modulators:

significance for drug development and

delivery. Drug Discov Today

2008;13:261-7

20. Daugherty AL, Mrsny R. Transcellular

uptake mechanisms of the intestinal

epithelial barrier: part one. Pharm Sci

Technol Today 1999;4:144-51

21. Takayama K, Nakase I, Michiue H.

Enhanced intracellular delivery using

arginine-rich peptides by the addition

penetration accelerating sequences (Pas).

J Control Release 2009;138:128-33

22. Varma MVS, Ashokraj Y, Dey CS,

Panchagnula R. P-glycoprotein

inhibitors: and their screening:

a perspective from bioavailability

enhancement. Pharmacol Res

2003;48:347-59

23. Dodane V, Khan MA, Merwin JR.

Effect of chitosan on epithelial

permeability and structure. Int J

Pharm 1999;182:21-32

24. Illum L, Farraj NF, Davis SS. Chitosan

as a novel nasal delivery system for

peptide drugs. Pharm Res

1994;11:1186-9

25. Sandri G, Rossi S, Bonferoni MC.

Buccal penetration enhancement

properties of N-trimethyl chitosan:

influence of quaternisation degree on

absorption of high molecular weight

molecule. Int J Pharm 2005;297:146-55

26. Florea BI, Thanou M, Junginger HE,

Borchard G. Enhancement of bronchial

octreotide absorption by chitosan and

N-trimethyl chitosan shows linear in

vitro/in vivo correlation.

J Control Release 2006;110:353-61

27. He W, Guo X, Zhang M. Transdermal

permeation enhancement of N-trimethyl

chitosan for testosterone. Int J Pharm

2008;356:82-7

28. Leuner C, Dressman J. Improving drug

solubility for oral delivery using solid

dispersions. Eur J Pharm Biopharm

2000;50:47-60

29. Mohanachandran PS, Sindhumol PG,

Kiran TS. Enhancement of solubility and

dissolution rate: an overview.

Pharm Globale Int J Compr Pharm

2010;1:1-10

30. Stegemann S, Leveiller F, Franchi D,

et al. When poor solubility becomes an

issue: from early stage to proof of

concept. Eur J Pharm Sci

2007;31:249-61

31. Chen LR, Wesley JA, Bhattachar S, et al.

Dissolution behavior of a poorly water

soluble compound in the presence of

Tween 80. Pharm Res 2003;20:797-801

32. Noyes AA, Whitney WR. The rate of

solution of solids in their own solutions.

J Am Chem Soc 1897;19:930-4

33. Lobenberg R, Amidon GL. Modern

bioavailability, bioequivalence and

biopharmaceutics classification system.

New scientific approaches to

international regulatory standards. Eur J

Pharm Biopharm 2000;50:3-12

34. Strickley RG. Solubilizing excipients in

oral and injectable formulations.

Pharm Res 2004;21:201-30
.. Review of excipients improving

drug solubility.

35. Crafts C, Baily B, Plante M, et al.

Analysis of surfactants and excipients

commonly used in pharmaceutical

formulations: composition and lot-lot

variability. 2010. Available from: http://

www.dionex.com/en-us/webdocs/85945-

Hamman & Steenekamp

Expert Opin. Drug Deliv. (2012) 9(2) 227

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



PO-Surfactants-Excipients-12March%

202010-LPN2450-01.pdf [Last accessed

30 August 2011]

36. Martin A. Physical pharmacy. LWW;

Philadelphia: 1993

37. Patil SK, Wagh KS, Parik VB, et al.

Strategies for solubility enhancement of

poorly soluble drugs. IJPSRR

2011;8:74-80

38. Nema S, Washkuhn RJ, Brendel RJ.

Excipients and their use in injectable

products PDA. J Pharm Sci Technol

1997;51:166-71

39. Kawakami K, Oda N, Myoshi K, et al.

Solubilization behavior of a poorly

soluble drug under combined use of

surfactants and cosolvents. Eur J

Pharm Sci 2006;28:7-14

40. Pouton CW. Formulation of

poorly water-soluble drugs for

oral administration: physicochemical

and physiological issues and

the lipid formulation

classification system. Eur J Pharm Sci

2006;29:278-87

41. Pouton CW, Porter CJH.

Formulation of lipid-based

delivery systems for oral

administration: materials, methods and

strategies. Adv Drug Deliv Rev

2008;60:625-37

42. Pouton CW. Lipid formulations

for oral administration of drugs:

non-emulsifying, self-emulsifying

and ‘self-microemulsifying’ drug

delivery systems. Eur J Pharm Sci

2000;11:S93-8

43. Gursoy RN, Benita S. Self-emulsifying

drug delivery systems (SEDDS) for

improved oral delivery of lipophilic

drugs. Biomed Pharmacother

2004;58:173-82

44. Bindu MB, Kusum B, Banji D. Novel

strategies for poorly water soluble drugs.

IJPSRR 2010;4:76-84

45. Brewster ME, Loftsson T.

Cyclodextrins as pharmaceutical

solubilizers. Adv Drug Deliv Rev

2007;59:645-66

46. Arun R, Ashok KCK, Sravanthi VVNSS.

Cycodextrins as drug carrier molecule:

a review. Sci Pharm 2008;76:567-98

47. Behera AL, Sahoo SK, Patil SV.

Enhancement of solubility:

a pharmaceutical overview.

Der Pharm Lett 2010;2:310-18

48. Crowley PJ. Excipients as stabilizers.

Pharm Sci Technol Today

1999;2:237-43
. Describing the importance of

excipients improving drug stability.

49. Kerns EH, Di L. Pharmaceutical

profiling in drug discovery.

Drug Discov Today 2003;8:316-23

50. Kalasz H, Antal I. Drug excipients.

Curr Med Chem 2006;13:2535-63
. Providing information on the use of

excipients in pharmaceutical

dosage forms.

51. Pifferi G, Santoro P, Pedrani M. Quality

and functionality of excipients.

Il Farmaco 1999;54:1-14

52. Freed AL, Strohmeyer HE, Mahjour M,

et al. pH control of nucleophilic/

electrophilic oxidation. Int J Pharm

2008;357:180-8

53. Waterman KC, Adami RC, Alsante KM,

et al. Stabilization of pharmaceuticals to

oxidative degradation.

Pharm Dev Technol 2002;7(1):32

54. Loftsson T, Brewster ME.

Pharmaceutical applications of

cyclodextrins. 1. Drug solubilisation and

stabilization. J Pharm Sci

1996;85:1017-25

55. Pandey S, Kumar B, Swami SMV,

Gupta A. A review on pharmaceutical

applications of cyclodextrins. Int J

Pharm Technol 2010;2:281-319

56. Damian F, Fabian J, Friend DR,

Kiser PF. Approaches to improve the

stability of the antiviral agent UC781 in

aqueous solutions. Int J Pharm

2010;396:1-10

57. Torniainen K, Tammiletho S, Ulvi V.

The effect of pH, buffer type and drug

concentration on the photodegradation

of ciprofloxacin. Int J Pharm

1996;132:53-61
. Describing the influence of pH and

buffer components on drug stability.

58. Nachaegari SK, Bansal AK. Coprocessed

excipients for solid dosage forms.

Pharm Tech 2004;January:52-64

59. Luhn O, Fritzsching B. Smart excipients.

Innovations Pharm Technol

2006;20:64-8

60. Korhonen O, Raatikainen P,

Harjunen P, et al. Starch acetates --

multifunctional direct compression

excipients. Pharm Res 2000;17:1138-43
. Study to indicate the benefits of

multifunctional excipients.

61. Beneke CE, Viljoen AM, Hamman JH.

Polymeric plant-derived excipients in

drug delivery. Molecules

2009;14:2602-20

62. Marwaha M, Sandhu D, Marwaha RK.

Coprocessing of excipients: A review on

excipient development for improved

tabletting performance. Int J Appl Pharm

2010;2:41-7

63. Gohel MC. A review of co-processed

directly compressible excipients. J Pharm

Pharm Sci 2005;8:76-93

64. Akram M, Naqvi SBS, Gauhar S.

Development of co-processed

microgranules for direct compression.

Int J Pharm Pharm Sci 2011;3:64-9

65. Ayyappan J, Umapathi P, Darlin Q.

Development and evaluation of a directly

compressible co-processed multifunction

sustained release agent for tablets. Int J

Pharm Pharm Sci 2010;2:201-5

66. Goyanes A, Souto C,

Martinez-Pacheco R. Co-processed

MCC-Eudragit E excipients for

extrusion--spheronization. Eur J

Pharm Biopharm

2011;published online 13 July 2011;

doi:10.1016/j.ejpb.2011.07.013

67. Rashid I, Al-Remawi M, Leharne SA,

et al. A novel multifunctional

pharmaceutical excipient: Modification of

the permeability of starch by processing

with magnesium silicate. Int J Pharm

2011;411:18-26

68. Riis T, Bauer-Brandl A, Wagner T,

Kranz H. pH-independent drug release

of an extremely poorly soluble weakly

acidic drug from multiparticulate

extended release formulations. Eur J

Pharm Biopharm 2007;65:78-84

69. Pillai O, Panchagnula R. Polymers in

drug delivery. Curr Opin Chem Biol

2001;5:447-51

70. Avachat A, Kotwal V. Design and

evaluation of matrix based controlled

release tablets of diclofenac sodium and

chondroitin sulphate.

AAPS PharmSciTech 2007;8:E1-6

71. Talukdar MM, Kinget R. Swelling and

drug release behavior of xanthan gum

matrix tablets. Int J Pharm

1995;120:63-72

72. Shilpa A, Agrawal SS, Ray AR.

Controlled delivery of drugs from

alginate matrix. J Macromol Sci C

Polymer Rev 2003;C43:187-221

Excipients with specialized functions for effective drug delivery

228 Expert Opin. Drug Deliv. (2012) 9(2)

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



73. Durig T, Fassihi R. Guar-based

monolithic systems: effect of ionizable

and non-ionizable substances and

excipients on gel dynamics and release

kinetics. J Control Release

2002;80:45-56

74. Nabais T, Brouillet F, Kyriacos S, et al.

High-amylose carboxymethyl starch

matrices for oral sustained drug-release:

in vitro and in vivo evaluation. Eur J

Pharm Biopharm 2007;65:371-8

75. Llabot JM, Manzo RH, Allemandi DA.

Drug release from carbomer:carbomer

sodium salt matrices with potential use as

mucoadhesive drug delivery system.

Int J Pharm 2004;276:59-66

76. Sriamornsak P, Thirawong N,

Weerapol Y, et al. Swelling and erosion

of pectin matrix tablets and their impact

on drug release behavior. Eur J

Pharm Biopharm 2007;67:211-19

77. Bhise KS, Dhumal RS, Chauhan B, et al.

Effect of oppositely charged polymer and

dissolution medium on swelling erosion

and drug release from chitosan matrices.

AAPS PharmSciTech 2007;8:E1-9

78. Park S-H, Chun M-K, Choi H-K.

Preparation of an extended release matrix

tablet using chitosan/Carbopol

interpolymer complex. Int J Pharm

2008;347:39-44

79. Moustafine RI, Salachova AR,

Frolova ES, et al. Interpolyelectrolyte

complexes of Eudragit EPO with sodium

alginate as potential carriers for colonic

drug delivery: monitoring of structural

transformation and composition changes

during swellability and release evaluating.

Drug Dev Ind Pharm 2009;35:1439-51

80. Andreopoulus AG, Tarantili PA. Study

of biopolymers as carriers for controlled

release. J Macromol Sci Phys

2002;41:559-78

81. Bajpai AK, Shukla SK, Bhanu S, et al.

Responsive polymers in controlled drug

delivery. Prog Polym Sci

2008;33:1088-118

82. Traitel T, Goldbart R, Kost J. Smart

polymers for responsive drug-delivery

systems. J Biomater Sci Polymer Ed

2008;19:755-67

83. Vasile C, Dumitriu RP, Cheaburu CN,

Oprea AM. Architecture and

composition influence on the properties

of some smart polymeric materials

designed as matrices in drug delivery

systems. Appl Surface Sci

2009;256S:S65-71

84. Kim S, Kim J-H, Jeon O, et al.

Engineered polymers for advanced drug

delivery. Eur J Pharm Biopharm

2009;71:420-30

85. Udata C, Patel J, Pal D, et al. Enhanced

transport of a novel anti-HIV agent --

cosalane and its congeners across human

intestinal epithelial (Caco-2) cell

monolayers. Int J Pharm

2003;250:157-68

86. Kamm W, Jonczyk A, Jung T, et al.

Evaluation of absorption enhancement

for a potent cyclopeptidic

alphanubeta3-antagonist in a human

intestinal cell line (Caco-2). Eur J

Pharm Sci 2000;10:205-14

87. Sharma P, Varma MVS, Chawla HPS,

et al. Absorption enhancement,

mechanistic and toxicity studies of

medium chain fatty acids, cyclodextrins

and bile salts as peroral absorption

enhancers. Il Farmaco 2005;60:884-93

88. Takatsuka S, Morita T, Horikiri Y, et al.

Absorption enhancement of poorly

absorbed hydrophilic compounds from

various mucosal sites by combination of

mucolytic agent and non-ionic surfactant.

Int J Pharm 2007;338:87-93

89. Alani AWG, Robinson JR. Mechanistic

understanding of oral drug absorption

enhancement of chromolyn sodium by

an amino acid derivative. Pharm Res

2007;25:48-54

90. Salama NN, Fasano A, Thakar M,

Eddington ND. The impact of DeltaG

on the oral bioavailability of low

bioavailable therapeutic agents.

J Pharmacol Exp Ther

2004;312:199-205

91. Tirumalasetty PP, Eley JG. Evaluation of

dodecylmaltoside as a permeability

enhancer of insulin using human

carcinoma cells. J Pharm Sci

2005;94:246-55

92. Shah P, Jogani V, Mishra P, et al.

Modulation of ganciclovir intestinal

absorption in presence of absorption

enhancers. J Pharm Sci 2007;96:2710-22

93. Tuesca A, Nakamura K, Morishita M,

et al. Complexation hydrogels for oral

insulin delivery: effects of polymer dosing

on in vivo efficacy. J Pharm Sci

2008;97:2607-18

94. Maher S, Kennelly R, Bzik VA, et al.

Evaluation of intestinal absorption

enhancement and localmucosal toxicity

of two promoters. I. Studies in isolated

rat and human colonic mucosae. Eur J

Pharm Sci 2009;38:291-300

95. Chen W, Lu Z, Viljoen AM,

Hamman JH. Intestinal drug transport

enhancement by Aloe vera. Planta Med

2009;75:587-95

96. Lu Z, Chen W, Viljoen A, Hamman J.

Effect of sinomenine on the in vitro

intestinal epithelial transport of selected

compounds. Phytother Res

2010;24:211-18

97. Alsenz J, Russell-Jones GJ, Westwood S,

et al. Oral absorption of peptides

through the cobalamin (vitamin B12)

pathway in the rat intestine. Pharm Res

2000;17:825-32

98. Friedrichsen GM, Nielsen CU,

Steffansen B, Begtrup M. Model

prodrugs designed for the intestinal

peptide transporter. A synthetic

approach for coupling of

hydroxyl-containing compounds

to dipeptides. Eur J Pharm Sci

2001;14:13-19

99. Kidron M, Dinh S, Menachem A, et al.

A novel peroral insulin formulation:

proof of concept study in non-diabetic

subjects. Diabet Med 2003;21:354-7

100. Khafagy ES, Morishita M, Kamei N,

et al. Efficiency of cell-penetrating

peptides on the nasal and intestinal

absorption of therapeutic peptides and

proteins. Int J Pharm 2009;381:49-55

101. Kamei N, Morishita M, Kanayama Y,

et al. Molecular imaging analysis of

intestinal insulin absorption boosted by

cell-penetrating peptides by using

positron emission tomography.

J Control Release 2010;146:16-22

102. Nerurkar MM, Ho NFH, Burton PS,

et al. Mechanistic roles of neutral

surfactants on concurrent polarized

and passive membrane transport

of a model peptide in Caco-2

cells. J Pharm Sci 1997;86:813-21

103. Iqbal J, Hombach J, Matuszczak B,

Bernkop-Schnurch A. Design and

in vitro evaluation of a novel polymeric

P-glycoprotein (P-gp) inhibitor.

J Control Release 2010;147:62-9

104. Amidon GL, Lennernas H, Shah V,

et al. A theoretical basis for a

biopharmaceutic drug classification: the

correlation of the in vitro drug product

Hamman & Steenekamp

Expert Opin. Drug Deliv. (2012) 9(2) 229

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



dissolution and in vivo bioavailability.

Pharm Res 1995;12:413-20
.. Importance of drug solubility in

relation to effective drug delivery.

105. Florence AT, Attwood D.

Physicochemical principles of pharmacy.

PhP; London: 2006

Affiliation
Josias Hamman†1 PhD & Jan Steenekamp2 PhD
†Author for correspondence
1Professor,

North-West University, Faculty of Health

Sciences, Unit for Drug Research and

Development, Potchefstroom campus,

Potchefstroom, 2520, South Africa

Tel: +27 18 299 4035; Fax: +27 18 291 6259;

E-mail: sias.hamman@nwu.ac.za
2North-West University, Department of

Pharmaceutics, Faculty of Health Sciences,

Potchefstroom campus, Potchefstroom, 2520,

South Africa

Excipients with specialized functions for effective drug delivery

230 Expert Opin. Drug Deliv. (2012) 9(2)

E
xp

er
t O

pi
n.

 D
ru

g 
D

el
iv

. D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

12
/0

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


