
type of cellulosic chiral stationary phase (Chiralcel-
OD) with a mobile phase of n-hexane-2-propanol
(9 : 1) is used for separation of sulconazole enantiomers.

Conclusion

Since there is an enormous volume of information on
the separation of antibiotics in the literature, readers
should be able to Rnd HPLC conditions for almost
any antibiotic of interest. Readers are also encour-
aged to consult the ofRcial compendia for analysis of
bulk or formulated drugs. For analysis of bio-
logical samples, the samples may be directly injected
with a column switching technique instead of em-
ploying liquid}liquid or solid-phase extraction. For
sensitive detection, drugs may be subjected to pre- or
post-column derivatization, especially with a Suor-
escent chromophore. Diastereomeric derivatization is
useful for analysis of chiral drugs. Mass spectrometric
(MS) detection is another way to increase sensitivity.
Indeed, cephem and macrolide antibiotics are ana-
lysed with HPLC-MS to detect minute amount of
drugs. For cephem antibiotics, capillary HPLC has
been coupled with mass spectrometric detection.

See also: II / Chromatography: Liquid: Derivatization;
Detectors: Fluorescence Detection; Instrumentation.
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Introduction

The analysis of antibiotics is of primary importance
for drug monitoring in pharmacokinetic and health
studies, as well as for the quality control of drug
production and of numerous food products. As a con-
sequence, the demand for new methods of determina-
tion of antibiotics of very different types is continu-
ously increasing. The main methods employed for
these analyses include immunoassays and chromatog-
raphy, as well as various chemical techniques. Among
the chromatographic methods, high performance

liquid chromatography (HPLC) is the most com-
monly used, followed by thin-layer chromatography
and gas chromatography (GC), while supercritical
Suid chromatography (SFC) is still being introduced
to this area of application.

In SFC the mobile phase is a Suid subjected to
pressures and temperatures near or above the critical
point of that Suid, to enhance and control the mobile-
phase solvating power. This fact determines that the
mobile-phase properties (e.g. diffusivity, density, vis-
cosity) are intermediate between those of gases and
liquids and can be varied and controlled by small
changes in the pressure or temperature of the systems.
The most common Suid used in SFC is carbon diox-
ide, which has a critical temperature of 313C, allow-
ing the separation of thermally labile compounds
under mild conditions. In general, antibiotics are
compounds with intermediate to high polarity, while
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supercritical carbon dioxide only has an adequate
solvating power for nonpolar compounds. For that
reason, the elution of more polar solutes requires the
addition of a more polar organic solvent (for
example, 5}30% methanol), the so-called modiRer,
that increases the polarity of the mobile phase and has
a solvating effect on silica-based packed columns.
With this technique it is possible to separate anti-
biotics in complex samples at lower temperatures
than GC and in shorter times than liquid chromatog-
raphy. The use of low concentrations of additives in
the modiRer (for example, 0.1% triSuoroacetic acid
and/or 0.1% triethylamine) is also used to control the
separation conditions to an even greater extent, espe-
cially retention, peak shape and enantioselectivity.

SFC can be divided into two categories based on
column type } open tubular and packed } with differ-
ences in selectivity, detection and need for modiRer
addition to the carbon dioxide characterizing the two
types. Both types have been employed in the separ-
ation of drugs in very different samples. Separations
of antibiotics and related compounds are best per-
formed using packed columns, although there are
some applications that do well on open tubular col-
umns. Packed columns can be used with UV detection
and a wide range of packing materials, from pure
silica, to phenyl, diol, amino, octadecyl-modiRed sil-
ica or chiral materials such as cyclodextrins, de-
rivatized cellulose or amylose. For these silica-based
columns, the peak symmetry is improved and the
retention times of the antibiotics are shortened when
a modiRer is added to the carbon dioxide, due to the
solvating effect on the free silanol groups of the silica
(cf. end-capping in HPLC). In general, the separation
of antibiotics in SFC is affected by the number, loca-
tion, nature and conformation of the individual func-
tional groups, which can deRne the need or not, as the
case may be, of a modiRer and additive. Nevertheless,
the determination of antibiotics by SFC is not so
straightforward as other pharmaceutical separations
and until now it has not been thoroughly developed.

The area that has been developed the most is prob-
ably the chiral separation of antibiotics and related
compounds, where the combination of a temperature
that is milder and more selective than GC and an
efRciency better than HPLC results in enhanced res-
olution, which is especially valuable.

Another area where supercritical Suids have
a niche is the monitoring of food products for anti-
biotic residues. This area is of increasing importance
due to the concern for the effect on human health that
abuse of these drugs can have. In this case, the main
advantage of supercritical Suids is in the sample prep-
aration from these complex matrices, when super-
critical Suid extraction coupled to SFC can be used.

SFC versus HPLC for
the Determination of Antibiotics and
Related Drugs

The main problem posed in the separation of anti-
biotics is their broad range of structures that
covers almost the whole range of organic chemistry.
This includes carbohydrate, macrocyclic lactones,
quinones, peptides and heterocyclic compounds,
although antibiotics in general are relatively polar,
nonvolatile and thermally labile drugs. For that rea-
son, liquid chromatography has increasingly been
chosen as the method of analysis, and SFC is gaining
greater acceptance with the extended use of packed
columns combined with organic modiRers and addi-
tives that allow the separation of the more polar
solutes.

GC commonly provides the highest resolution in
the shortest analysis time, but it also requires high
temperatures and often derivatization of the drugs.
HPLC methods have lower resolution and longer
analysis times. The SFC technique can provide the
same resolution as GC and short run times, but with
the added beneRt that it does not need high temper-
atures (Figure 1). Typical temperatures are as low as
50}803C in packed-column SFC.

The packed columns used for SFC of polar drugs
are similar to the columns used in HPLC, although
back-pressure is not a problem in SFC, allowing col-
umns to be coupled in series to achieve high resolu-
tion systems, even for polar analytes. When it comes
to detection, the commonest systems for antibiotics
determination are UV (Figure 2). or mass spectro-
metry (MS). In comparing packed-column SFC and
LC, the ultraviolet detector can be operated at lower
wavelengths in SFC, because of the lack of back-
ground absorbance from the solvent and the mass
spectrometric ionization techniques work best with
volatile mobile phases also favouring SFC (Table 1).

Characteristics of the Separation of
Antibiotics using Supercritical Fluids

The main properties of SFC which signiRcantly affect
antibiotic separation are related to the high solvating
power of supercritical Suids and their low viscosity,
which yields high resolution power and throughput.
This fact has two main consequences on this type of
separation. Firstly, as already pointed out above,
compounds like antibiotics can be analysed at lower
temperatures than in gas chromatography, and in
shorter times than in liquid chromatography, as a
result of good solvating capacity. Secondly, SFC is
able to resolve complex mixtures of not very volatile
compounds, allowing the direct injection of samples
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Figure 1 Structures of eight sulfonamides determined by SFC (see chromatogram shown in Figure 2).

that contain antibiotics with little or no sample pre-
treatment.

Some antibiotics may be degraded or lost during
exposure to light, heat or extreme values of pH. In
SFC, all these factors are avoided, providing separ-
ation under mild conditions that preserves the integ-
rity of the sample.

Antibiotic determination presents some difRculties
due to the complexity of the sample matrix and the
relatively low concentration of the antibiotics in these
samples. The whole procedure, including extraction
and fractionation, is not only time-consuming and
prone to error, but may degrade labile antibiotics and
create artefacts. Consequently, new approaches have
been developed in the last few years that avoid several
or all of these questionable sample preparation steps
by using multidimensional systems or even direct
injection in SFC.

The analysis of antibiotics in human serum has
been performed with both open tubular and packed-
column SFC. With open tubular columns, it is pos-
sible to determine the antibiotic content with a simple
liquid}liquid extraction. The use of a Same ionization
detector has, however, not demonstrated satisfactory
detection limits to date. Better results have been ob-
tained with SFC and mass spectrometric detection,
which thus provides a very useful method for the
determination of low levels of impurities in macrolide

antibiotics, and presents an alternative approach to
several LC-MS methods.

Online SFE-SFC for the Analysis
of Antibiotics
Online supercritical Suid extraction (SFE)-SFC can be
used for the analysis of antibiotics in complex sam-
ples, resulting in time savings and less exposure to
organic solvents. Multidimensional systems take ad-
vantage of two orthogonal separation techniques
with complementary characteristics, for example one
extraction and one chromatographic step, where the
Rrst step is aimed at producing a clean and undiluted
sample containing the compounds of interest, and the
second step provides a high resolution separation of
the target analytes.

The main advantages of these online systems is that
a fast and automatic sample preparation reduces or
avoids the errors of the manual steps. Also, solvent
consumption is less, which reduces toxic hazards and
disposal costs. As is often the case in chromatogra-
phy, the largest source of error in the quantitative
analysis of antibiotics and the most time-consuming
steps occur in the sample preparation and extraction
stages.

Supercritical Suid techniques have a number of ad-
vantages for use in multidimensional chromatographic
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Figure 2 Chromatogram obtained from SFC of a mixture of
sulfonamides with UV (wavelength 270 nm). Peak identification:
A, sulfadoxine; B, sulfamethazine; C, sulfamerazine; D, sulfa-
dimethoxine; E, sulfadiazine; F, sulfaquinoxaline; G, sulfachlor-
pyridazine; H, sulfathiazole. Chromatographic conditions: column
packed with 5 �m particle amino-bonded Spherisorb (100�
4.6 mm i.d.), column temperature 903C, CO2 flow rate of
4 mL min�1, pressure 361 bar. Mobile phase was CO2 modified
initially with 15% methanol and after 4 min with 25% methanol.
Reproduced with permission from Perkins JR, Games DE, Startin
JR and Gilbert JJ (1991) Analysis of sulfonamides using super-
critical fluid chromatography and supercritical fluid chromatogra-
phyImass spectrometry. Journal of Chromatography 540: 239.

systems. The commonest multidimensional system,
LC-GC, is limited to the determination of thermally
stable and volatile solutes, while SFC can substitute
the Rrst fractionation step, as well as the second step
of high resolution chromatography. In the case of
SFE-SFC, the transfer is performed without changes
in the mobile phase, which minimizes losses of
analytes and reduces technical complexity

Analysis of Aqueous Matrices

Recently, new methods for the direct injection of
water samples on to an adsorbent with solvent vent-
ing and online SFE-SFC of the target solutes have
been developed.

In this procedure, the liquid sample is introduced in
the SFE cell Rlled with a suitable adsorbent, which
retains the solutes while the aqueous solvent is vented
with an inert gas. The venting of the water improves
the performances and Sexibility of both the separ-
ation and the detection steps. After elimination of
solvent, the analytes are extracted with supercritical
carbon dioxide, and focused in a cryogenic trap,
providing a solute enrichment before automatic on-
line injection into the SFC column. In addition to its
speed, this method provides a preconcentration step

for the analysis of trace levels of residues in bioSuid
samples and also allows class-selective extractions
based on the tuneable polarity of the extracting agent,
which thus represents an additional clean up stage
and further reduces interface from the matrix.

This coupling has to date been applied to separ-
ations in open tubular columns of compounds in
water samples, and may provide a breakthrough de-
velopment for the future, with the use of packed
capillary column SFC-MS for polar analytes. Al-
though this method has not yet been applied to the
determination of antibiotics, it could provide an auto-
matic way of analysing drugs in biological Suids
directly, i.e. with no separate extraction step.

Analysis of Antibiotic Residues in Food

Antibiotics have been used in animal feed for several
decades to control infections and promote growth
(Figure 3). Recently, increasing concern about anti-
biotic resistance has led to the prohibition of the use
of some antibiotics for this purpose in several coun-
tries. Consequently, there is a growing interest in new
and improved methods of analysis for antibiotics and
their residues in food, and LC-MS is a common tech-
nique used to achieve this goal.

In solid and heterogeneous matrices such as food,
sample preparation is the most time-consuming step
in the routine determination of analytes in trace
amounts, for instance, antibiotic residue levels. It
remains the largest source of error in quantitative
analytical methods. For this reason, the development
of methods with less sample pretreatment require-
ments and with the possibility of automation is
desirable.

For this application, SFC in combination with the
universal Same ionization detector, or with highly
sensitive mass spectrometric detection, shows a good
balance between high resolution and good sample
throughput, that can minimize the need for sample
clean-up and be an optimal procedure in speciRc
cases. An example of separation of veterinary anti-
biotics by SFC with UV detection prior to online
SFC-MS can be seen in Figure 4.

An alternative approach is the online coupling of
SFE and SFC for solid or semi-solid samples, allowing
the extraction of the fraction of interest and the
online transfer of the solutes from the liquid or solid
matrix directly to the chromatograph, reducing sol-
vent usage and the need for clean-up.

Chiral Separation of Antibiotics

The stereochemistry of an antibiotic is a prominent
issue in the development, approval and clinical use of
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Table 1 Determination of antibiotics by supercritical fluid chromatography

Column type Sample Comments Detector Reference

Packed (1 mm i.d., 5 �m particles)
and open tubular (50 �m i.d.)
columns

Sulfonamides and
tetracyclines

1003C
8% Isopropanol as modifier

UV Schmidt S, Blomberg, LG
and Campbell ER (1988)
Chromatographia 25: 775

Packed column 150�4.6 mm
5 �m particle amino silica

Erythromycin A
Cephalosporins

653C
2}8% Methanol as modifier

MS UV Lane SJ (see Markides and
Lee, 1988)

Packed column 100�4.6 mm
5 �m particle amino-bonded
Spherisorb

Sulfonamides, veterinary
drugs

75}903C
15}25% Methanol as modifier

MS UV Perkins JR, Games DE,
Startin JR and Gilbert JJ
(1991) Journal of
Chromatography 540: 239

Packed column 250�4.6 mm
10 �m particle Chiralcel OB

Lactams 253C
Chiral separation

Diode array Caude and Macaudiere
(see Markides and Lee,
1988)

Open tubular 10 m�50 �m i.d.
SB-biphenyl-100

Cyclosporine A FK 506
(Tacrolimus) Rapamycin

703C
Whole blood extracts

FID Wong et al. (1994) Journal
of Liquid Chromatography
17: 2093

Open tubular 5 m�50 �m i.d.
DB-5

Macrolide antibiotic
Midecamycin A1

1003C
Standard solutions

MS Ramsey et al. (1995)
Analytical Proceedings 32:
455

Different packed columns
250�4.6 mm 5 �m particles

Sulfonamides 50}1003C
Great influence of temperature
on resolution

UV Combs MT, Ashraf-
Khorassani M and Taylor
LT (1997) Journal of
Chromatographic Science
35: 176

This summary is not intended to be a comprehensive review of all antibiotic separations by SFC; it aims to provide general information
on the main applications in this field.

Figure 3 Structures of some veterinary antibiotics analysed by SFC.

these drugs. For the separation of enantiomers, SFC
with chiral stationary phases is very convenient due
to its high resolution and relatively low analysis tem-
perature.

Chiral separations in SFC can be carried out using
open tubular columns with immobilized cyclodex-
trins or, more recently, by packed columns with most
of the same phases commonly used in LC, since the
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Figure 4 Chromatograms obtained from SFC of a mixture of
veterinary antibiotics with UV (A, wavelength 215 nm; B,
wavelength 230 nm). Peak identification: A, levamisole; B,
furazolidone; C, chloramphenicol; D, lincomycin. Chromato-
graphic conditions: column packed with 5 �m particle amino-
bonded Spherisorb (100�4.6 mm i.d.), column temperature
753C, CO2 flow rate of 4 mL min�1, pressure 351 bar. Mobile
phase was CO2 modified with 15% methanol. Reproduced with
permission from Perkins et al. (1991).

chiral selector is covalently bound to the packing
material. The latter method frequently requires the
addition of a modiRer and is more common in the
separation of drugs.

Several examples of the SFC of antibiotic enantio-
mers can be found in the literature, although the
technique is not as commonly used as LC. Packed
columns with chiral stationary phases are normally
employed with carbon dioxide modiRed with meth-
anol or ethanol as mobile phase, under supercritical
or subcritical conditions (i.e. at room temperature).
Further applications can be expected from the use of
packed capillary columns for chiral separations,
which may provide better resolution and shorter
analysis times than the equivalent LC separation.

Future Developments

Current developments in new types of columns,
equipment and detectors for SFC show that this tech-
nique has great potential for expansion and will
achieve a broader use in the future with the advent of
new instruments for packed capillary columns and
adaptation of the routine use of MS-detectors, which

will be very valuable in the accurate determination of
high and low concentration of antibiotics in samples
where high resolution and mild conditions are im-
perative.

It is becoming more frequent to use solvents under
subcritical conditions, which is blurring the boundary
between SFC and LC } a fact that is already being
used in chiral separations and will probably become
more frequent in separations of antibiotics and re-
lated drugs.

Another probable source of improvement is the use
of new detectors with higher sensitivity than UV and
Same ionization detection and at the same time com-
patible with the use of modiRers in packed capillary
column SFC. An example is the new amperometric
detectors which avoid the problems observed in the
quantitation of some drugs by SFC.

The development of new generations of commer-
cial equipment for SFE-SFC and SFC-MS that are
more user-friendly and robust than the present ones
would also contribute to a wider use of this tech-
nology in quality control and research of pharma-
ceutical compounds.
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