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chromatographic peak areas of the derivative
peaks measured at their optimum fluorescence
wavelengths and calculated for equivalent con
centrations.

2.9. Peptide analysis with AcNSCl and DNSCl

Three peptides were investigated, Asp-Glu
Gly, Met-Leu-Phe and Val-Ala-Ala-Phe, at con
centrations of 60 JLg/ml in water. The solutions
were diluted by a factor of ten prior to analysis
with AcNSCI.

N-terminal analysis
An amount of 100 JLI of the peptide solution

under study was lyophilised by freeze drying and
50 JLI 0.2 M sodium bicarbonate solution added.
Then 50 JLI of a 0.5% solution of the derivatising
agent in dry acetone was added and the mixture
incubated at 47°C for 30 min. The reaction was
quenched with 100 JLI of 2% ethylamine. The
mixture was then lyophilised and hydrolysed
with 100 JLI 6 M HCI at 105°C for 16 h in a
sealed glass vial. After further lyophilisation the
residue was dissolved in 100 JLI of mobile phase
prior to HPLC analysis as described for the
analysis of amino acids.

Amino acid composition
An amount of 100 JLI of the peptide solution

was lyophilised, 100 JLI 6 M HCI was then added
and the solution hydrolysed at 105°C for 16 h in
a sealed glass vial. A 50-JLI portion of the
hydrolysate was then lyophilised and dissolved in
15 JLI 0.2 M sodium bicarbonate solution. Then
15 JLI of labelling agent was added and the
solution incubated at 47°C for 30 min. The
reaction was quenched with 100 JLI 2% ethyl
amine and 20 JLI was subjected to HPLC analysis
of constituent amino acids.

2.10. Derivatisation of 17-ketosteroids with
AcNH and DNH

Solutions of progesterone (0.2 mg/ml) and
TFA (2.5%) were prepared in toluene. AcNH or
DNH (1 mg/ml) were prepared as solutions in
ethanol-toluene (1:9, v/v). Of each of the ster-
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oids 100 JLI, TFA and the labelling agent were
placed in an amber-coloured vial and the solvent
removed under vacuum at 60°C. The residue was
reconstituted in 100 JLI acetonitrile and 20 JLI of
the resulting solution analysed by gradient elu
tion chromatography using a Hypersil C 1S ' 5
JLm, 250 x 4.6 mm J.D. column. The flow-rate
was maintained at 2 mIl min using a binary
solvent mixture. Solvent A was 0.5 gil Tris
buffer, pH 7, and solvent B was 90% acetonitrile
in water. A linear gradient of 50% solvent A to
70% solvent B over 20 min was used for DNH
derivatives whilst the same gradient over a 10
min period was used for AcNH derivatives. To
determine the effect of AcNH concentration on
derivative formation, solutions of progesterone
were derivatised under identical conditions ex
cept that the volume of AcNH reagent utilised
was varied from 10 to 100 JLl.

Fluocinolone acetonide cream was analysed by
normal-phase HPLC following extraction and
derivatisation. An amount of 11.25 g of Synalar
Cream was transferred to a separating funnel
with the aid of 100 ml of cydohexane. Then 50
ml of methanol was added and the mixture
shaken vigorously for 3 min. After standing for
15 min the lower layer was transferred to a
second separating funnel containing 140 ml of
distilled water and 100 ml of chloroform. The
separating funnel was shaken for 3 min, the
phases allowed to separate and a 3-ml portion of
the chloroform placed in a screw-capped test
tube containing 0.3 ml of hydrocortisone internal
standard solution, 0.028% w/v in ethanol. Stan
dard solutions of fluocinolone acetonide were
prepared to cover the concentration range 0.02
1.00 mg/ml and 1 ml of each was dispensed into
a screw-capped test tube containing 0.3 ml of
internal standard solution. The solutions were
then reacted with 1 ml of AcNH, 3 mg/ml, and
derivatised following the procedure described by
Chayen et al. [3] for the derivatisation of car
bonyl compounds with DNH. The dried extracts
were reconstituted in 200 JLI of mobile phase
(dioxane-toluene 10:90) prior to separation on a
500 xl mm J.D., 10 JLm silica microbore col
umn. Excitation and emission wavelengths were
as given in Table 1.

G "..... " fn'

























c.w. Klampjl, E. Spanos I J. Chromatogr. A 715 (1995) 213-218 217

18
This corresponds to a value of 15 000 respective
ly 17500 plates/m.

3.3. Separation of priority pollutant phenols

4. Conclusion

To achieve complete separation of all eleven
PPPs on a PS-DVB-based column isocratic con
ditions with a low acetonitrile content were used
to separate the first eight phenols (phenol-2,4
dichlorophenol), while the strongly retained
phenols, e.g. 4,6-dinitro-o-cresol, 2,4,6-trichloro
phenol and pentachlorophenol, were eluted by a
steep gradient up to 95% acetonitrile. When
using an eluent mixture containing 40% of ace
tonitrile, the resolution of e.g. 2,4-dinitrophenol
and 2,4-dimethylphenol is very poor for both the
PS-DVB and the PS-DVB C I8 column. The use
of underivatized PS-DVB results in a resolution
(R.) of just 0.08 while the C I8 derivatized resin
gives an even worse R s of 0.03. Whereas using
the tert.-butyl-group containing resin increases
the resolution of these two peaks to a value of
0.61. This fact is caused by the different be
haviour of phenols containing free nitro-groups
on the tert.-butyl-derivatized resin compared to
tbat on underivatized and C I8-derivatized poly
mer. Fig. 4 shows a high-speed separation of a
standard mixture of all eleven PPPs on a tert.
butyl-derivatized PS-DVB column. Good sepa
ration of all investigated phenols could be
achieved in less than 6.5 min using the chromato
graphic conditions specified in Fig. 4.

The results obtained in this work indicate that
PS-DVB-based resins prepared by the two-step
microsuspension method are an attractive alter
native to silica-based columns in reversed-phase
liquid chromatography. It is apparent that the
introduction of alkyl groups into these PS-DVB
resins has an appreciable effect on the retention
times and k'-values. In some cases derivatized
columns even offer an additional selectivity pa
rameter, which could be shown in the case of the
separation of eleven PPPs on a PS-DVB-based
column containing tert.-butyl groups. This sepa-
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Fig_ 3. The k'-values of 4,6-dinitro-o-cresol as a function of
the acetonitrile content of the eluent using alkylated and
non-alkylated PS-DVB columns. Chromatographic condi
tions: column, 30 x 4 mm 1.D.; eluent, water (1% acetic
acid)-acetonitrile (1% acetic acid); flow-rate, 1 ml/min.

rivatized resin are even lower than those with the
underivatized resin. But it should be stressed
that these more polar phenols do not reverse the
retention order, as might be expected. The resin
derivatized with the C I8 chains still leads to the
highest k'-values even for these PPPs containing
free nitro-groups. 2-Nitrophenol behaves like the
phenols without nitro-groups due to the in
tramolecular hydrogen bonding.

The number of theoretical plates for these
columns was determined for 4-chloro-m-cresol
using a mixture of 50% acetonitrile and 50%
water, both containing 1% of acetic acid for
isocratic elution. It was found to be 450 for the
columns filled with alkylated resin and 525 for
the column filled with underivatized PS-DVB.
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Abstract

Neuropeptide Y (NPY) and its modified form, [Leu31 ,Pr034]NPY, are both thirty six amino acids long and they
have relative molecular masses of 4250 and 4220. Solid-phase synthesis of both peptides resulted in complex crudes
of reaction, which were investigated by means of combined high-performance liquid chromatography-electrospray
mass spectrometry (HPLC-ES-MS). The combination of these two powerful analytical techniques allowed rapid
and reliable identification of the target peptides and furnished comprehensive information on other reaction
products, which were mainly peptidic chains containing a'smaller number of amino acids compared to those present
in the intact peptides. The possible origin of such side-products and the eventual purification and unambiguous
identification of both peptides are discussed.

1. IntrOduction

Electrospray ionization (ESI) mass spec
trometry (MS) has been extensively used for the
characterization of small proteins [1-4] and
peptides [5,6].

Neuropeptide Y (NPY) was first sequenced by
Tatemoto [7] and is considered a major regula
tory peptide both in the central and the peripher
al nervous system [8]. In the central system,
NPY is believed to be involved in the regulation
of food intake, memory processing and circadian
rhythm. In the peripheral nervous system, the

* Corresponding author.

same peptide functions as transmitter in
sympathetic nerves, where it acts together with
norepinephrine in the regulation of vascular
tone. NPY has also been identified as a thera
peutic agent against shocks restoring blood pres
sure to its normal level [9,10]. In general, sub
stantial and pure quantities are needed for three
dimensional structural characterization of this
peptide. Most of present day synthesis of pep
tides and small proteins is mainly based on the
solid-phase method, first introduced by Mer
rifield [11]. In this procedure of synthesis, a
progressively growing peptidic chain is bounded
to an insoluble resin by the carboxylic function
of the C-terminal amino acid. The synthesis

0021-9673/95/$09.50 © 1995 Elsevier Science B.v. All rights reserved
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2.4. Synthesis

The synthesis of NPY and [Leu 31 ,Pro34]NPY
was based on solid-phase methods using an
automated peptide synthesizer (Applied Biosys
tern 431A). The resin (Bachem Feinchemikalien,
Bubendorf, Switzerland) contained Fmoc-4
rnethoxy-4' -(carboxypropyl)-benzydrylamine lin
ked to alanyl-aminomethyl-polystyrene-1 % di
vinylbenzene (substitution 0.6 mmoll g). For
NPY the activation of the Fmoc-amino acid was
performed in situ with HBTU-HOBT-DIPEA.
A four-fold excess of the activated amino acid
was used and acetylation of the unreacted amino
functions was performed at the end of each
coupling step using 10% acetic anhydride in
NMP. For [Leu 31 ,Pr034]NPY the activation was
performed with HOBT-DCC in NMP for 30
min. A four-fold excess of the active ester was
used but no capping was done. In both syntheses
every Arg(Mtr) was recoupled. After completion
of the sequence the peptide was cleaved from the
solid support with simultaneous deprotection of
the side chains using a mixture of TFA
thioanisole-phenol-ethanedithiol-water (84: 4: 6:
4:3) at 25°C for 4 h. After filtration and removal
of the volatiles, the residual Mtr groups were
cleaved with TFA-thioanisole-trimethyl
silylbromide (6:1:1) at O°C for 1 h. The mixture
was then concentrated under reduced pressure,
water was added and the solution was extracted
with diethyl ether. The crude peptides were
recovered by lyophilization.

2.5. Materials

FmoC-L-Pro-OH, Fmoc-L-Ala-OH, FmOC-L
Glu-(OtBu)-OH, Fmoc-L-Asp(OtBu), FmOC-L
Leu-OH, Fmoc-L-Arg(Mtr)-OH, FmOC-L
Tyr(tBu)-OH, Fmoc-L-Ser(tBu)-OH, FmOC-L
His(Trt)-OH, Fmoc-L-Ile-OH, FmOC-L
Asn(Trt)-OH, Fmoc-L-Thr(tBu)-OH, FmOC-L
Gln-(Trt)-OH were purchased from Applied
BioSystems; Fmoc-L-Ala-NCA, Fmoc-L
Arg(Mtr)-NCA, Fmoc-L-Ser(tBu)-NCA, Fmoc
L-Leu-NCA, Fmoc-Ile-NCA, Fmoc-L-Asn(Trt)
NCA, Fmoc-Thr(tBu)-NCA, Fmoc-Gln(Trt)-

NCA were purchased from Propeptide (Vert-Ie
Petit, France).

N-Methylpyrrolidone (NMP), dichlorome
thane, piperidine, 1-hydroxybenzo-triazole,
N ,N'-dicyclohexylcarbodiimide, acetic anhydride
and trifluoroacetic acid were purchased from
Applied BioSystems; diisopropylethylamine,
ethanedithiol and thioanisole from Fluka Chemie
(Buchs, Switzerland); acetonitrile and phenol
from Carlo Erba Reagenti (Milan, Italy).

3. Results and discussion

It is commonly argued that under certain ion
source conditions, electrospray ionization can
yield simple ES mass spectra with negligible
fragmentation allowing reasonable identification
of the molecular identities within a mixture
without the need for chromatographic separation
prior to the mass spectrometric analysis. How
ever, the usefulness of this characteristic of ES
ionization is highly dependent on the complexity
of the investigated medium and the chemical
nature of its components. To underline this
obs.ervation, three mixtures are considered,
where the first is artificially made by mixing

. f [ 31 34] (equal concentratIOns 0 Leu ,Pro NPY M r

4220), [o-Phe l2]bombesin (M r 1628) and alytesin
(M r 1534), while the second and third mixtures
are the crudes of synthesis of NPY and
[Leu 3l ,Pr0 34]NPY obtained in two different pro
cedures of synthesis. These analysis were per
formed using 30°C source temperature, 35 V
extraction (cone) voltage and 3 kV capillary
voltage.

3.1. Artificial mixture of [Leu 31 ,Pro34JNPY,
[D-Phe 12Jbombesin and alytesin

Equal concentrations (20 pmollJ.d) of the
three peptides in acetonitrile-water (50:50, v/v)
were directly injected into the ion source. The
resulting ES mass spectrum in Fig. 1a contains
the multiply charged ions 1056 [M + 4Ht+ and
604 [M + 7Hf+ of [Leu 31 ,Pro34]NPY. The singly
and doubly protonated alytesin are observed at
A (mlz 1535) and A2 (mlz 768), while the
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the method of Langner et al. [23] and expressed
in proteolytic units (PU, 1 PU = 1 nmol
azocasein cleaved per second at 37°C). Hydrol
ysis of synthetic p-nitranilide (pNA) substrates
(0.5 mM) was photometrically determined at 405
nm in an end-point assay. After incubation at
37°C for various periods of time, protein was
precipitated by the addition of TCA (5% final
concentration) and sedimented by centrifugation.
The clear supernatants were readjusted by sodi
um hydroxide to neutral pH. Cleavage of the
thermolysin substrate Fa-Gly-Leu-NHz and of
the collagenase substrate Fa-Leu-Gly-Pro-Ala
NHz was determined at 345 nm in a continuous
spectrophotometric assay [24].

For inhibition assays, the protease-containing
fractions were preincubated for 30 min at room
temperature; then the usual assay with azocasein

[ 1z5I]· l' . dor IllSU III was carne out.

2.7. Proteln determination

In the presence of detergents interfering with
the Lowry method, the BCA method [25] was
used for the determination of the protein con
tent, according to the manufacturer's instructions
(BioRad, Munich, Germany).

2.8. Lipid extraction

A general lipid extraction procedure with
chloroform-methanol with some modifications
was applied for the isolation of lipids from B.
cereus [26]. Methanol-chloroform (2:1, v/v) was
added to a suspension of crude cell envelopes
containing 40-50 mg bacterial dry weight/ml, in
a ratio of 3.75 ml per ml cell suspension. The
mixture was shaken (120 rpm) in an Erlenmeyer
flask for several hours at room temperature.
After filtration, the supernatant was decanted
and, the residue was resuspended in 4.75 ml of
methanol-chloroform-water (2:1:0.8, v/v). The
mixture was then shaken and filtered. Amounts
of 2.5 ml each of chloroform and water were
added to the combined supernatants, and the
mixture was separated in a separatory funnel.
The lower chloroform phase was dried in a
rotary evaporator (30-35°C). The lipid residue

was dissolved in a small amount of diethyl ether,
subdivided into small portions, evaporated to
dryness and stored under nitrogen at -20°C.

2.9. Determination of the molecular masses

The purity and the molecular mass of CCMP
were assessed by SDS-PAGE in a Tris-glycine
buffer system [27] using various gel concentra
tions. The enzyme samples were mixed with 1%
SDS, 2% mercaptoethanol and sodium-EDTA
to prevent autolysis of the protease during heat
denaturation (3 min, lOO°C). The gels were
stained according to a silver-staining method
[28].

The molecular mass of CCMP was also de
termined by size exclusion with Sephacryl S-200,
adding different detergents and also the phos
pholipids of B. cereus to the elution buffer to
examine the aggregation behaviour of CCMP
[buffer A with 0.2 M NaCI and with or without
detergents and phospholipids-0.1% (w/v) Triton
X-lOO, 0.2% (w/v) sulfobetain SB-12, and 0.1
mg/ml B. cereus phospholipid].

3. Results

The membrane proteinases of B. cereus were
difficult to solubilize. High concentrations of
Triton X-100, Brij 35, octylthioglucoside and
related non-ionic detergents were ineffective in
releasing the enzymes from the cell envelopes.
Treatment with mutanolysin and lysozyme had
no significant effect-a clear sign that the
proteases are not cell wall constituents (Table 1).
Only the zwitterionic detergent sulfobetain SB
12 was able to release both an insulin-cleaving
(ICMP, data not shown) and a casein-cleaving
proteinase (CCMP) from the cell envelopes (Fig.
1).

These enzymes retained their full activity in
the solubilized state for days without the addi
tion of phospholipids during the solubilization
process. Dilution of the solubilizate caused en
zyme activation with decreasing detergent con
centration, especially for ICMP (Fig. 2). Only at
a sulfobetain SB-12 concentration in the
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ered as point-like, having no interactions among
themselves or with the accumulation wall. The
influence of particle-particle and particle-wall
interactions on retention behaviour has been
studied [8,11,12]. However, even without such
interactions, the retention behaviour differs from
ideal behaviour because of the finite sample
concentration. Increasing samples concentration
causes deviations of the sample concentration
profile and flow velocity profile from their ideal
infinite dilution limits: Hoyos and Martin [13]
made a detailed analysis of the influence of finite
concentration on retention in sedimentation FFF
(SdFFF). They explained theoretically previous
observations [14] on tailing and increases in
retention ratio with increasing amount of sample
(polystyrene latex beads of diameter of 460 nm).
However, as they noted, the model cannot be
applied in the focusing separation mode.

This paper is the second part of a study
examining the separation and characterization of
silica gel particles by GFFF; the first part [8]
dealt with the selection of an optimum carrier
liquid and characterization of the lift forces
activity in GFFF. The aim of this part was to find
an optimum means of sample preparation (prep
aration of suspensions of particulate materials)
and to explain the effect of overloading, both of
which are prerequisites to interpreting GFFF
experiments.

2. Experimental

2.1. Equipment

The experimental arrangement was described
elsewhere [6-8]. The separation channel was cut
in an 80-J-lom spacer, which was placed between
two mirror-quality float glass plates and clamped
between two Plexiglas blocks. The channel had
dimensions 20 x 360 mm (dead volume 0.53 ml).
The inlet and outlet triangles of the channel had
heights of 3 cm. The pump was an HPP 4001
(Laboratory Instruments, Prague, Czechos
lovakia). A DVM 4 spectrophotometric detector
(Development Workshops, Prague, Czechos-

lovakia) was used at 265 nm (optical path 5.7
mm).

2.2. Materials

The samples were non-porous silica gel
spheres of diameter 1.43 ± 0.01 J-lom (a kind gift
from Professor E. Kovats, SFIT Lausanne, Swit
zerland, denoted here as 1.4-J-lom particles) and a
sample of commercial porous silica of diameter
4.78 ± 1.12 J-lom (Tessek, Prague, Czech Repub
lic, denoted here as 5-J-lom particles). Their sizes
were determined by electron microscopy. The
sample suspensions were of concentration 0.025
200 mg/ml. The carrier liquid was a 0.1%
solution of Tween 60 (Fluka, Buchs, Switzer
land) in distilled water with final density 1.00
g/ml.

3. Results and discussion

3.1. Sample preparation

The most common procedure for the prepara
tion of suspensions is homogenization of the
particulate material in a detergent solution. The
detergent prevents concentration of the solid
particles on interfaces during manipulation (sam
pling, injection, transport through the channel).
However, porous materials suspended in liquids
(such as common silica gel supports) can contain
gas cavities on the particle surface. Problems
with such samples can arise not only because of
worse wetting but also because the cavities
influence the apparent density, which directly
affects the retention ratio observed. Giddings
and Moon [15] concluded that suspensions of
porous silica particles contained air activities
even after sonication for 6 h. Therefore, we
verified three methods of preparation of porous
silica samples.

Fractogram A in Fig. 1 was obtained from a
sample prepared by simply putting porous 5-J-lom
silica particles in a 0.1% aqueous solution of
Tween 60 and shaking. Fractogram B was re
corded after 5 min of sonication of the suspen
sion of the same composition and fractogram C
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Fig. 7. Schematic representation of overloading effects in GFFF channe!. U and L represent the upper and lower channel walls,
curves a and b represent the courses of the lift forces and flow velocity profile, respectively, -F and +F show the orientation of
the lift forces and +v shows the direction of the carrier liquid flow. The dashed line (Jo represents the location of the particle
equilibrium position where F = G, and Z denotes three positions inside the channel where F = 0 «(J is the dimensionless distance
of a particle centre from the channel bottom and equals 0.19,0.50 and 0.81, respectively). Three arrows represent the streamlines
near the particle equilibrium position: the middle arrow is at the position (Jo where F = G and corresponds to the retention ratio of
very diluted samples, the bottom arrow is at the position (Jl < (Jo where Fl ~ G and particles are rapidly transported to the
equilibrium position and the top arrow is at the position (J2 > (Jo where F2 < G and the velocity of the carrier liquid flow is higher.
Hence these particles move faster along the channel than the particles at (Jo and it is the cause of the observed increase in the
mean retention ratio.
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The values of A L necessary to fit experimental
results to Eq. 3 were calculated by following the
proposal of Martire et al. [16], taking into
consideration the large difference between the
densities of {3,{3'-thiodipropionitrile and Fomblin
[17].

Multiple linear regression to Eq. 3, assigning
to As values calculated from the specific surface
area of the support, was unsuccessfully attempt
ed in the first place; the fit was insensible to very
large changes in the values assigned to As, the
coefficients had no statistical significance and,
furthermore, it was found that Eq. 3 was over
parameterized, as evidenced by dependencies
larger than 0.9999. On the other hand, there was
a good linear relationship between the variables
VN /VL and A L /Vu as indicated by correlation
coefficients higher than 0.997 and by the small
coefficients of variation of both the intercepts
and the slopes (see second and fifth column in
Table 2, respectively). In terms of Eq. 3, since
VL increases almost five times and A L decreases
by about 60% between the lower and the higher
stationary phase loading, it is reasonable to
conclude that K s is negligible under the present
circumstances. In other words, within the ex
perimental errors of our measurements, the

intercepts and the slopes obtained by means of
the linear regression can be identified with the
coefficients K L and K A , respectively.

These results indicate that hydrocarbon re
tention in columns containing Fomblin coated on
Chromosorb PAW DMCS can be attributed to
partition and adsorption on the gas-liquid inter
face. Depending on the solute, the contribution
of adsorption to the total retention ranges be
tween 50-60% at the lower loading and between
10-15% in the column with higher concentration
of stationary phase, as calculated by using the K L

and KA results obtained as indicated in the
former paragraph together with the VL and A L

values characteristic of each column.
Standard enthalpies of solution, corresponding

to the transfer of one mole of solute from an
ideal vapour phase at a pressure of 1 atm to an
hypothetical solution at unitary weight fraction,
with behaviour extrapolated from infinite dilu
tion, were calculated by means of the equation
[18]

The assumption of ideal vapour behaviour im
plied in Eq. 4 is justified by a rapid calculation

Table 2
Thermodynamic functions of partition and adsorption of vapours at infinite dilution in Fomblin at 25°C

Solute K L ± u(KL ) -AH~ (kJ/mol) x*(int) KA ± u(KA ) -AH~ (kJ/mol) -AH~ (kJ/mol)
(x104 cm)

n-Hexane 29.21 ± 1.12 24.7 ± 3.2 2.462 0.573 ± 0.031 30.5 ± 5.4 31.6
n-Heptane 65.33 ± 1.64 28.1 ± 2.8 2.761 1.239 ± 0.042 36.4 ± 4.4 36.6
2-Methylhexane 53.21 ± 1.31 26.2 ± 2.8 2.605 0.998 ± 0.033 35.7 ± 4.5 34.8
2,3-Dimethylpentane 60.12± 1.71 26.1 ± 2.7 2.472 0.949 ± 0.044 35.4 ± 5.5 34.2
n-Octane 145.1 ± 6.95 31.1 ± 4.9 3.058 2.970 ± 0.177 42.7 ± 8.2 41.5
2-Methylheptane 117.5 ±6.04 30.7 ± 4.9 2.883 2.337 ± 0.154 40.4 ± 8.4 39.7
2,2-Dimethylhexane 88.90 ±2.28 28.4 ± 2.8 2.646 1.681 ± 0.058 38.7 ± 4.7 37.3
2,2,4-Trimethylpentane 77.93 ± 3.10 26.4 ± 3.7 2.406 1.353 ± 0.079 38.0 ± 7.3 35.1
n-Nonane 325.5 ± 15.7 36.0 ± 5.6 3.340 6.906 ± 0.400 45.8 ± 8.6 46.4
I-Heptene 55.7 ±2.13 26.2 ± 3.8 2.764 1.287 ± 0.054 36.6± 5.6 36.1
1-0ctene 122.9 ± 3.82 30.6 ± 3.4 3.057 3.090 ± 0.097 40.9 ± 4.6 40.8
Cyclohexane 45.68 ± 2.03 25.3 ± 3.4 2.671 0.621 ± 0.052 30.5 ± 7.7 33.0
Cyclohexene 48.73 ± 2.41 26.9 ± 4.5 2.758 0.872 ± 0.061 28.8 ± 6.9 33.3
Methyicyclohexane 79.24 ± 3.68 27.6 ± 4.1 2.713 1.165 ± 0.094 35.1 ± 8.8 35.4
Ethylcyclohexane 191.1 ±9.16 31.0 ± 4.6 3.020 2.808 ± 0.233 40.5 ± 10.2 40.5
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Abstract

Glycerol was applied as the dissolution medium for a, {3- and y-cyclodextrins and its gas-liquid chromatographic
performance was compared with that of formamide. Various stationary glycerol-based chiral phases for classical
gas-liquid chromatography were examined. The columns containing glycerol appeared relatively stable in
comparison with those prepared with formamide. Glycerol-based phases functioned over the temperature ranged
80-100°C for about 400 h without any changes indicating losses of glycerol or activity. Owing to the lower stability
of cyclodextrin complexes in glycerol medium relative to those in formamide, and the fact that glycerol-based
columns allow operation ca. 40°C higher, many separations which were previously unreported at higher
temperatures were achieved. The model compounds tested were (+ / - )-a -pinene, cis / trans-decalin, cis / trans
anethole, cis-trans-isosafrol, cis-trans-isoeugenol, (+ / - )-camphor, (+ / - )-fenchone, (+ / - )-isomenthone, (+ / -)
isopinocampheol, (+ / - )-borneol and (+ / - )-isoborneol.

1. Introduction

Cyclodextrins (CDs) are known to form
stereoselective inclusions complexes with a varie
ty of substances of either an acidic, basic or
neutral nature [1]. This property has been used
to advantage in gas chromatography, especially
during recent years as they have appeared on the
market as commercial products. To date hun
dreds of publications, reviews [2,3] and a mono
graph [4] have appeared demonstrating their
utility in many fields of fundamental and applied
research.

For a long time it was generally believed that

* Corresponding author.

CDs form inclusion complexes only in pure
aqueous solutions [5,6]. For that reason, many
attempts to modify gas chromatographic systems
by free cyclodextrins for analytical purposes
failed, mainly because the partition gas chro
matographic mode (gas-liquid chromatography)
remained unachievable.

In the early 1980s we obtained a satisfactory
gas-liquid chromatographic system by successful
application of a formamide medium with dis
solved l3-cyclodextrin[7], y-cyclodextrin and a
cyclodextrin[8], the last solution after addition of
some auxiliary compound (LiN0 3 ) [9].

It appeared that I3-CD permits highly selective
separations of structural and geometrical isomers
whereas a-CD is especially useful for the chiral
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Abstract

A hot headspace sampling (HS) and gas chromatographic-mass spectrometric method (GC-MS) for the
determination of amphetamine (AP) and methamphetamine (MA) in betel is described. The method uses
potassium carbonate to alkalize the aqueous matrix and to salt-out the analytes prior to HS. The complicated
matrices necessitate the separate analysis of betel nut, piper betel, and red slaked lime, which are the three major
parts of a finished betel product. Qualitative identification is aided by the mass spectrum provided by the proposed
method. The limits of quantitation vary from 0.02 to 1.20 iLg/ml. Precisions calculated for the 5 and 50 iLg/ml
concentration range are ca. 20%. The method is simple, rapid, solventless, and requires only a small amount of
sample. It may serve as a screening protocol for the determination of AP and MA in betel.

1. Introduction

Betel originally grown in Malay is now widely
planted in the tropical zone and part of the
subtropical area. An edible finished betel prod
uct is generally prepared by cutting an unripe
betel nut into two halves and sandwiching be
tween the two halves with piper betel and red
slaked lime (consisting mostly of oyster shell
powder and orange rind). Upon chewing, betel
could generate effects such as cooling, cold
protection, and stimulating saliva production [1].
These effects have drawn tens of millions of
betel lovers widespread in southeast Asia. In
Taiwan, there are about two million betel-chew-

* Corresponding author.

ing people among a population of twenty one
million. With the recent increase of drug abuse,
the merchants were reportedly resorting to the
addition of amphetamine (AP) and metham
phetamine (MA) to betel to maintain the loyalty
of their customers [2]. The need for analytical
methods to detect AP and MA in betel becomes
apparent. The headspace sampling (HS) tech
nique has traditionally been used for the analysis
of gaseous and volatile analytes [3-7]; however,
it has also been reported for the analysis of
non-volatile organic compounds [8]. The HS
technique is currently being used to determine
trace amounts of the semi-volatile compounds
AP and MA in urine samples [9-11]. From these
studies, HS sampling has shown to be a simple,
rapid, solventless, and reliable technique. The
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Abstract

Rifamycin B and rifamycin SV belong to the class of macrocyclic antibiotics known as ansamycins. These
macrocyclic antibiotics were used as crural selectors in capillary electrophoresis to enantioselectively resolve a
number of chiral compounds. They contain groups capable of providing the types of multiple interactions necessary
to achieve chiral recognition between enantiomers. In fact, they appear to be complimentary in the types of
compounds they can enantiomerically resolve. Rifamycin B is shown to be enantioselective towards positively
charged compounds, while rifamycin SV was enantioselective towards negatively charged solutes. The choice of
wavelength for detection significantly affects sensitivity. Monitoring one of the wavelengths which coincide with the
absorption minima of the chiral selector enhances sensitivity. Resolution is enhanced by keeping the amount of
analyte injected on column as low as possible and it is demonstrated that it is possible to detect as little as 0.1 % of
one enantiomer in the presence of the other enantiomer using indirect detection.

1. Introduction

The separation of chiral compounds continues
to be an area of significant interest, in part due
to recent government regulations regarding the
marketing of optically active drugs [1]. There are
several approaches one can take to achieve
enantiomeric separation using capillary electro
phoresis (CE) [2-4]. Adding a chiral selector to
the free solution is by far the most common
approach [5,6], while immobilizing the chiral
selector in a gel or other suitable packing in the
capillary has also proven to be effective [7,8].
Other workers have demonstrated that wall-im-

* Corresponding author.

mobilized chiral stationary phases are feasible
for enantiomeric separations [9,10].

The most common and successful additives for
CE chiral separations have been the cyclodex
trins and their derivatives [2,11]. This is due to
the fact that cyclodextrins are of the optimal size
to form inclusion complexes with a significant
number of chiral compounds. Another contribut
ing factor to their widespread use is the ability to
derivatize the secondary hydroxyls at the rim of
the cyclodextrin with various functional groups
which can improve solubility and provide unique
selectivity for separation. In spite of their use,
the need for more diverse and potentially more
powerful chiral selectors still remains an inten
sive area of research. Recently Armstrong and
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Abstract

The conditions of the separation of ten ,B-agonists by capillary zone electrophoresis were studied. Several buffers
were tested at different ionic strengths and different pH values. The experiments were carried out on two different
supports, i.e. an untreated fused-silica capillary and a CIS covalently bonded silica capillary. The results showed
that the optimum pH value was the same for the two capillaries. Separation efficiencies were slightly better for the
fused-silica capillary whereas better selectivity and repeatability were obtained with the CI8 bonded capillary,
under optimal conditions.

1. Introduction

Beta-adrenergic agonists, commonly named {3
agonists, are used as bronchodilators in human
and veterinary therapeutics for the treatment of
pulmonary diseases. When used as animal feed
additives, {3-agonists can also act as repartition
ing agents, by increasing protein accretion and
decreasing the lipogenesis. Thus, they cause a
shift in carcass composition, improving the yield
of the farm animals [1].

{3-Agonists are considered anabolic substances
within the European Community and their use as
animal feed additives is prohibited. A number of
{3-agonists are however known to be illegally
used, thus imposing serious food safety prob
lems. Consequently, accurate multi-compound
analyses are required for effective control.

• Corresponding author.

{3-Agonists are mainly phenylethanolamines,
variously substituted on their aryl moiety and
terminal amino group. In simple chemical terms,
the chemical structure of this diverse group of
drugs can be defined as arylhydroxyalkylamines
possessing a common functionality: the presence
of a {3-hydroxyamino group on the side-chain.

Although not known accurately, the pKa val
ues of the {3-agonists, are assumed to be in the
range 7-9 [2].

Several analytical techniques have already
been used for the analysis of these polar and
ionic compounds, including GC-MS [3-5] and
HPLC with UV [6], fluorescence [7], or MS
detection [8,9]. Several authors have also dem
onstrated the use of capillary electrophoresis for
their analysis in pharmaceutical formulations
[10], determination of drug related impurities
[11] and chiral analysis of enantiomeric forms of
{3-agonists [12,13]. Recently, four {3-agonists
have been analysed in calf urine using on-line

0021-9673/95/$09.50 © 1995 Elsevier Science B.Y. All rights reserved
SSDI0021-9673(95)00613-3









































C. Vaccher et at. / J. Chromatogr. A 715 (1995) 361-365 365

of racemate 3 and its comparison with one of its
enantiomers, the minor enantiomer (R) eluting
first in front of the main component (5). These
enantiomers were prepared according to a previ
ously described method [11]. The 5 antipode is
much more potent than the R antipode (bioas
says will be published elsewhere). This is in
accordance with the fact that the biological
activity of baclofen, phaclofen [3] and saclofen
[4] resides in the single enantiomer (R). Using
the crown ether phase we were able to determine
the minor enantiomer in a relative proportion of
less than 1% [12,13] (Fig. 5: 0.4% R versus 5).

The good separation of the optical isomers of
the commercially available 4-AA 3 as efficiently
as for the reference baclofen makes this chro
matographic method suitable for studies de
signed to probe the enantiomeric distribution of
the antipodes of 3 in biological media.
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ceed 1 h after a column is overloaded. In the
determination of the petroleum tracers nitrate
and thiocyanate, a similar situation will be en
countered.

Nitrate and thiocyanate are used as petroleum
tracers in the Tuha oil field to investigate the
stratigraphic structure, the distribution of oil
deposits and the effectiveness of water blocking.
Since subterranean water contains very high
concentrations of chloride, sulfate and carbonate
salts, etc., e.g., the concentration of chloride can
reach tens of grams per litre, the determination
of tracers by IC is difficult. In a previous study
[16] we investigated a CIE method using direct
UV detection for their separation, and the effect
of high concentrations of salts in samples on the
separation was examined. The experimental re
sults showed that because of electrostacking, the
high concentrations of salts in subterranean
water caused quantification problems. The CIE
separation studied was unsatisfactory, so the
determination of the tracers was not carried out.

In this work, 100 mM sodium chloride solution
containing 2.0 mM cetyltrimethylammonium
chloride (CTAC) was used as a carrier elec
trolyte solution, and the CIE determination of
the petroleum tracers nitrate and thiocyanate
was accomplished at concentrations of sodium
chloride in the sample from 0 to 200 mM.

2. Experimental

2.1. Apparatus

The CE system employed was a Quanta 4000
(Waters Chromatography Division of Millipore,
Milford, MA, USA) with a negative power
supply. Direct UV detection was accomplished
with a zinc lamp and a 214-nm optical filter.
Data acquisition was carried out with a Waters
Millennium 2010 Chromatography Manager with
a bus satellite interface and a LAC/E module
connecting the data station with the CE system.
Data collection was initiated by a signal cable
connection between the Quanta 4000 and the bus
satellite interface.

2.2. Carrier electrolyte solution

CTAC was used as an electroosmotic flow
modifier and a carrier electrolyte solution of 100
mM sodium chloride containing 2.0 mM CTAC
was prepared as described previously [16].

2.3. Standard solutions

Analytical-reagent grade sodium or potassium
salts were used to prepare 1000 ppm anion stock
standard solutions containing a single anion. All
mixed anion solutions consisted of ten anions:
fluoride, chloride, bromide, iodide, nitrite, ni
trate, sulfate, phosphate, carbonate and thio
cyanate; of these, only five, bromide, iodide,
nitrite, nitrate and thiocyanate, have UV ab
sorbance at 214 nm and gave response signals in
our experiments. Five mixed anion solutions
containing 1, 4, 10, 20 and 40 ppm of each anion
were prepared to obtain calibration graphs.
Another five mixed anion solutions containing 10
ppm of each of the above-mentioned ten anions
with an additional 20 ppm of thiocyanate, 10
ppm of nitrate, 10 ppm of nitrite, 20 ppm of
bromide or 20 ppm of iodide separately were
prepared for the purpose of peak identification
on the electropherograms. Mixed anion solutions
were prepared not only with deionized water,
but also with 12.5, 50 or 100 mM sodium
chloride solutions. Polyethylene containers were
utilized for the mixed anion solutions.

2.4. Electrophoresis

A Waters Accu-Sep polyimide-coated fused
silica capillary was used throughout. The capil
lary dimensions were 75 ILm I.D., 60 cm total
length and 52 cm from the point of injection to
the detector cell. The capillary was flushed with
1 M potassium hydroxide for 1 h and then
equilibrated with carrier electrolyte solution be
fore use. All injections were performed in the
hydrostatic mode at a height of 10 cm for 30 s.
The applied voltage for each run was 10 kYo A
2-min capillary purge with carrier electrolyte
solution by a vacuum applied to the receiving
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Techniques and Practice of Chromatography (Chromatographic Science Series, Vol. 70), by R.P.W.
Scott, Marcel Dekker, New York, 1995, XII + 395 pp., price US$ 85.00, ISBN 0-8247-9460-5.

The structure of this book by Raymond Scott,
one of the pioneers in gas and efficient liquid
chromatography, reflects his theoretical and
practical experience. The text is divided into four
parts: The chromatographic process, covering
separation mechanisms, retention phenomena,
peak dispersion, qualitative and quantitative
analysis in a manner valid both for GC and LC;
Gas chromatography, and Liquid chromatog
raphy both with the same structure (apparatus,
detectors, columns and examples of application),
and Thin-layer chromatography with two sub
chapters: Apparatus and Techniques. All parts
contain thoroughly selected basic material neces
sary to understand the essential minimum from
which it is possible for anybody to enlarge
knowledge -if necessary- by further study.

In the preface, Scott formulates his
philosophy: for the 21st century, it seems to be
more beneficial to have books like this one
rather than books written as reference texts on
special subjects. This is really valid as ex
perienced' lecturers, giving basic education
courses for those unfamiliar with the subject, can
confirm.

Nevertheless, in such a case it is necessary not
to overlook books like those by Smith [1] or
Poole and Poole [2] which have appeared be
tween the time of issue of the cited Mikes [3] and
the author's book on the same (or a little bit
broader) topic. The author emphasizes the preci
sion in the use of nomenclature and definitions

SSDI0021-9673(95)00669-9

but does not refer on a recent and excellent
booklet by Ettre and Hinshaw [4].

There are some weaknesses following from the
title of the book which is broader than the
content. E.g., supercritical fluid chromatography
is overlooked also in otherwise very instructive
subchapters about phases; gel chromatography is
not mentioned although it is more significant
than size exclusion on silica summarized in
entropically driven separations; ion chromatog
raphy is marginally mentioned in connection
with ionic forces and with few examples illustrat
ing them; GC and LC separations based on
complexation, and affinity chromatography are
not mentioned at all. A few more minor com
ments follow: among hyphenated techniques
(Chapter 4), the combinations with spectromet
ric methods such as atomic absorption and
atomic emission spectrometry are missing. Cali
bration technique (Chapter 5) is not discussed
although it is often erroneously used due to its
apparent simplicity. Frontal analysis (Figure 4) is
oversimplified because the second, third or fur
ther analytes are not simply superimposed on a
constant concentration of solutes A, B, etc. In
Fig. 19, the omitted description of axes as well as
of peaks decreases the value of the example of
application.

With the exception of the above weaknesses, I
can recommend the book for the first approach to
gas, liquid and thin-layer chromatography
because of a didactically instructive presentation
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