
Throughout the pharmaceutical development process—from
basic R&D, through pharmacokinetics, to quality control
and cleanup—molecular separations and analyses are

required to identify the key components that have gone into (or
been removed from) the creation of a drug. To a large extent,
molecular isolation has been the domain of HPLC technology, but
within the past decade, capillary electrophoresis (CE) and its
sibling technologies (see box, “A Capillary Glossary”) have come
to the fore, supplementing or outright replacing the more tradi-
tional method, and have gained wide acceptance by regulatory
agencies such as the U.S. Food and Drug Administration (FDA).

Although CE was developed more than 20 years ago, prob-
lems with low sensitivity and concerns about its reliability kept
it from becoming a dominant technique. More recently, howev-
er, CE manufacturers have invested much effort to improve the

UV detection flow cells or coupled the separation capillary to
sensitive detection methods such as MS, laser-induced fluores-
cence (LIF), and electrochemical detection. These same compa-
nies also developed internal standards that greatly improved
the precision.

CE also offers specific advantages over HPLC. Speed is one
advantage, with CE analyses producing results in a couple of
min, significantly less than the 1–30 min required for HPLC.
Similarly, because of the small size of the capillary unit, CE sepa-
rations need very little buffer, a financial and environmental advan-
tage. The compactness of the system also means that purifica-
tion methods can be developed and tested very quickly and that
the system can be automated and multiplexed to dramatically
increase the number and type of separations that can be run in
a single cycle.
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Rivaling HPLC, capillary 
electrophoresis is fast becoming 
the tool of choice in pharmaceutical
development and processing.
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DRUGMAKING

RANDALL C. WILLIS



But the real strength of CE lies in the breadth of its applica-
tions. “The application range is similar to HPLC and includes assay
of drugs, determination of drug-related impurities, and the analy-
sis of vitamins and pharmaceutical excipients,” wrote Kevin Altria
of GlaxoWellcome Research and Development (Ware, U.K.) in a
recent review (1). But beyond these applications, as we shall
see, CE has also played a role in identifying protein modifications,
genetic mutations, and drug metabolism.

Pharmaceutical Analysis
Perhaps one area in which CE has excelled beyond all other
technologies is in the separation of chiral compounds. “Many
compounds of pharmacological interest have one or more
centers of asymmetry,” says Ahmad Amini of the Medical Prod-
uct Agency in Uppsala, Sweden (2), “and usually one of the enan-

tiomers is more active than another, which might even be inac-
tive or toxic.” A good example of the chiral dilemma is thalido-
mide, where one enantiomer suppresses the nausea associated
with pregnancy, but the other produces severe fetal deformities.

In direct enantioseparation by CE, a chiral selector—often
one of the cyclodextrins or crown ethers—is included in the
running buffer where it interacts with the isomeric compounds
to form a labile inclusion complex, changing the electrophoret-
ic mobilities of the isomers, which are otherwise equal (Figure 1).
Using randomly sulfated β-cyclodextrin as a chiral selector,
researchers at Merck & Co. (Rahway, NJ) were able to determine
the enantiomeric purity of a test pharmaceutical compound,
optimizing the resolution of the enantiomers by adjusting running
conditions such as pH, temperature, and voltage (2). Alterna-
tively, with indirect enantioseparation, a covalent complex is
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formed between the isomers and a chiral reagent that can carry
a fluorescent tag to facilitate detection.

In addition to the enantiomer-separation applications,
researchers like Altria have developed a variety of CE methods to
separate and identify drugs and excipients. In 1999, Altria applied
microemulsion electrokinetic chro-
matography (MEEKC) to the analysis
of several water-insoluble compounds
(1). In an examination of ingredients
found in cold medicine, Altria was
able to resolve basic components such
as chlorpheniramine, neutral ingredi-
ents such as paracetamol, and acidic
molecules such as salicylic acid. Simi-
larly, he was able to resolve both fat-
and water-soluble vitamins found in a
multivitamin preparation.

Pharmacokinetics and
Toxicology
Simply identifying a new chemical enti-
ty is insufficient justification to call a
compound a drug. The compound must
go through rigorous biological testing
to determine its safety and efficacy, and
much of this testing requires the analy-
sis of drug metabolites, because
although the drug of interest might
perform as expected, its metabolites
can have toxic side effects in some
people. For example, metabolism of the
anticancer drug 5-fluorouracil can lead to a neurotoxic and poten-
tially lethal thymine and uracil buildup in patients with pyrim-
idine degradation deficiencies. Thus, it is critical that a compound
be tested from the point at which it enters the body to the
point at which it is eliminated.

In 2001, Jean-Luc Veuthey and colleagues at the University of
Geneva coupled CE to electrospray MS to examine the metabolic
byproducts of atropine, a plant alkaloid used for its antispasmod-
ic activity in the gastrointestinal tract (3). By incorporating 
β-cyclodextrin into the running buffer and using a partial filling
technique, the researchers were able to obtain the chiral separa-
tion of both atropine and a byproduct marker, homatropine, with
a limit of detection approaching the ppm range, a 1000-fold improve-
ment over the same separation using UV detection.

Likewise, similar separations can be used to distinguish the
metabolic characteristics of individuals receiving drug treatment.
In such a situation, the researcher or clinician tests whether the
patient is a good or poor metabolizer of the drug or whether the
patient might be prone to side effects by monitoring the metab-
olism of a test drug. Andrew Hutt and colleagues at SmithKline
Beecham Pharmaceuticals and King’s College London recently
described a series of such analyses in a variety of body fluids (4).

Genomics and Proteomics
One area in which CE has excelled in the biomedical arena is
genomic analysis (5). Although DNA sequencing has been performed
for several decades using slab polyacrylamide gels, it was not until
the development in the 1990s of large-scale capillary arrays and
high-sensitivity LIF detectors (made by companies such as Mole-

cular Dynamics and PE Biosystems) that sequencing projects on
the scale of the Human Genome Project were possible. In this
case, DNA polymerase extends oligonucleotides that bind to a
segment of genomic DNA until a fluorescently tagged dideoxynu-
cleotide is incorporated into the chain, terminating the reac-

tion. A different tag is used to repre-
sent each possible nucleotide such that
as the resulting DNA strands are run
through the capillary and resolved
according to length, the detector can
determine at which nucleotide the chain
terminated, creating what is known
as a sequencing ladder. Using such a
system, researchers were able to gener-
ate more than 1.4 billion bases of
fruit fly DNA sequence information over
a period of four months.

CE-based systems have also been
developed in recent years for the high-
throughput analysis of genetic muta-
tions and the identification of gene
location markers called single-nucleotide
polymorphisms (SNPs). Methods such
as single-strand conformation poly-
morphism rely on the resolving power
of CE to distinguish between two short
DNA sequences that vary only at one
single base pair position.

CE has also been instrumental in
the explosion of data from the various
proteomic initiatives around the world.

Traditionally, the weakly acidic silanol groups on the surface of
the capillaries impeded proteomic analysis because the proteins
and peptides adsorbed nonspecifically to the capillary walls. To
get around this problem, some research groups used a variety of
zwitterionic compounds to form ion pairs with the proteins and
impede the adsorption process. This method was used in the
isolation of recombinant human erythropoietin (rhEPO, used to
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Some Suppliers of CE Systems and Consumables

Agilent www.chem.agilent.com
Amersham Biosciences www.amershambiosciences.com
Applied Biosystems www.appliedbiosystems.com
Beckman Coulter www.beckmancoulter.com
Bio-Rad www.bio-rad.com
CombiSep www.combisep.com
Groton Technology www.grotontech.com
Innovatech www.innovatech-uk.co.uk
LC Packings www.lcpackings.com
MicroSolv www.microsolvtech.com
Micro-Tech Scientific www.microlc.com
Prince Technologies www.princetechnologies.com
Thermo Finnigan www.thermofinnigan.com
Waters Corp. www.waters.com

(For more complete listings, visit LabGuide Online at www.
labguideonline.com.)
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FIGURE 1. Enantiomeric separation of a chiral
amine in a solution of trimethylamine, phos-
phate buffer, and β-cyclodextrin. (Reproduced
from Sasse, A.; et al. J. Med. Chem. 2002, 45,
4000–4010.)



38 TODAY’S CHEMIST AT WORK FEBRUARY 2003 www.tcawonline.org

treat anemia), among other proteins. Alternatively, rather than
change the running conditions, other researchers modified the
capillary walls with compounds such as acrylamide or polystyrene
to impede the protein–capillary interactions (6). Coupling such
capillaries to LIF detectors, researchers have been able to detect
proteins down to the attomole level.

In determining how proteins function and malfunction in cells,
it is often as important to understand what is on the surface of
the protein as much as its amino acid content. Chemical adjust-
ments in selected amino acid residues after a protein has been
synthesized—so-called posttranslational modifications—can be
critical to a protein’s activity and role in the cell. Alterations such
as the phosphorylation of serine, threonine, or tyrosine residues
are cell-signaling markers that trigger events such as cell growth
or death. Similarly, the attachment of oligosaccharides to asparagine,

A Capillary Glossary

As with most analytical tools, capillary electrophoresis comes
in a wide variety of technical flavors. The following list offers
just a sampling.

Capillary electrophoresis (CE): In this method, also known
as capillary zone electrophoresis (CZE), a sample is added to
a capillary filled with electrolyte and is exposed to an elec-
tric current. The charged molecules in solution move toward
either the anode or the cathode and are also carried through
the capillary by the electroosmotic flow, the movement of
buffer ions toward one of the electrodes. Thus, separation is
based on both molecular charge and size.

Capillary electrochromatography (CEC): Here, the sample is
loaded onto a capillary filled with a silica gel stationary
phase such that in the presence of an electrical current,
separation is both electrophoretic and chromatographic.

Capillary isoelectric focusing (CIEF): In this method, the
capillary is filled with a mixture of ampholyte and sample. In
the presence of an electric current, the ampholytes establish
a pH gradient, and the sample molecules migrate to the pH
region at which they have a neutral charge (their pI). The
focused samples are then eluted from the capillary by chem-
ical, pressure, or electroosmotic flow mobilization.

Micellar electrokinetic chromatography (MEKC): Developed
to resolve uncharged molecules, this method uses high-pH elec-
trolytes containing surfactants at levels beyond their critical
micellar concentration, such that they aggregate and flow against
the electrical current. Solutes that partition into the micelles
elute later from the capillary than samples with electrolytes.

Microemulsion electrokinetic chromatography (MEEKC): A
relatively new method, this technique involves the partitioning
of solute molecules into moving oil droplets coated with an
emulsifier. Migration time of a solute is therefore directly
proportional to its hydrophobicity and thus, some labs have
used this method to determine partition coefficients.

Sources
Krull, I. S.; et al. Capillary electrochromatography and pressurized flow

capillary electrochromatography: An introduction. HNM Publishing: 
New York, 2000.

Capillary Electrophoresis and Capillary Electrochromatography; www.
ceandcec.com.



serine, or threonine residues (to make glycoproteins) can signal
to the body whether a given cell is indigenous or foreign—a
critical factor in tissue transplantation. Thus, it is critical for
researchers to be able to isolate and identify the modifications
present in or absent from a protein.

In 1999, researchers at the Royal Victoria Hospital in Belfast
used CE to examine the glycosylation state of recombinant human
granulocyte colony-stimulating factor, a protein that stimulates
granulocyte proliferation, differentiation, and activation. Simi-
larly, CZE, CIEF, and SDS CE (see box, “A Capillary Glossary”)
were used for the analysis of recombinant tissue plasminogen
activator. As other modified proteins are used for therapeutic
purposes, it will become increasingly necessary to ensure that
they are being properly glycosylated or phosphorylated using
methods such as CE (7). These methods will then have to be
validated by the various regulatory agencies, including the FDA. 

Power in the Process
As with many of the primary analytical steps, HPLC has tradi-
tionally been the method of choice for monitoring quality control
and maintenance of process-scale compound preparation. But
again, rapid method development, quick turnaround, and small
amounts of resources used are factors driving CE further into the
HPLC market. At any step along the process—from compound
synthesis to formulation to packaging—CE can be used to
ensure that the right compound in the correct enantiomeric form
has been combined with the proper excipients. Efforts by research
groups at many different pharmaceutical firms have shown that
CE technologies can discern contaminations in samples well below
the required 0.1% level (8).

Finally, pharmaceutical manufacturing equipment must be cleaned
after it has been used in the production of a compound or formu-
lation, and cleaning often relies on solvents and surfactants that
could potentially contaminate later production runs. Thus, it is
critical that the process engineers be confident that no cleaning
materials remain in the equipment. As such, CE is finding greater
use as a method for the isolation and detection of residual surfac-
tants. Because these compounds do not typically carry chromophores,
they are often found through indirect UV detection.

The Bottom Line
As the various CE technologies continue to improve, their use in
pharmaceutical and biotechnical testing will continue to expand.
New capillary surface chemistries, buffer reagents, stationary phas-
es, and more sensitive detection methods will ensure that CE is not
just the technology of the present, but also the one of the future.
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