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FRACTIONATION INTO COMPONENTS OF A MIXTURE OF ACIDIC
NINHYDRIN-POSITIVE COMPOUNDS OF MOUSE BRAIN EXTRACTS
WITH THIN-LAYER AND TON-EXCHANGE CHROMATOGRAPHY

Pekka Lahdesmaki and Maritta Timonen
Department of Biochemistry, University of Oulu, SF-
90570, Oulu 57, Finland

ABSTRACT

A mixture of more than ten acidic or highly ion-
ized ninhydrin-positive compounds of mouse brain ex-
tracts, occurring in ion-exchange chromatography from
the beginning up to aspartic acid, was analyzed using
ion-exchange and thin-layer chromatography standardiz-
ed with known substances. These formed four peak groups
in the chromatogram of an automatic amino acid analyz-
er. The first group contained cysteic acid, cysteine-
sulfinic acid and phosphoserine, which could be sepa-
rated from each others only by thin-layer chromato-
graphy . Only phosphoserine could be identified in the
brain extract (about 0.14 mmol/kg brain wet weight),
however. Taurine (4.1 mmol/kg) and phosphoethanolamine
(1L.05 mmol/kg) in the second group could be satisfac-—
torily separated from each others after the hydrolysis
of glycerylphosphoethanolamine (about 0.6 mmol/kg) and
certain acidic peptides with 6 mol/l1 HCl. Hypotaurine
(0.03 mmol/kg) and urea (6.6 mmol/kg) were completely
overlapped in the third peak, but urea was decomposed
in the hydrolysis with 6 mol/l1 HCl. The fourth group
consisted of aspartic acid (2.1 mmol/kg). A number of
low-molecular weight peptides also appeared in the
chromatograms, above all in the phosphoserine and
taurine peaks, but they were eliminated by the hydro-
lysis. They contained, however, some of the above-
mentioned critical amino acids (phosphoserine, taurine
and aspartic acid).
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INTRODUCTION

Tissue extracts, and brain extracts in particutar,

contain a large number of acidic amino acids and certain
other ninhydrin-positive compounds, which in the ion-
exchange chromatography (e.g. in the automatic amino
acid analyzers) can not be separated satisfactorily well
from each others, but appear in two or three peaks in
the chromatograms (1-6). This fraction (often called
"taurine fraction") is a complex mixture of more than
ten (see Ref. 1) acidic or highly ionized compounds of
physiological importance, including taurine, phospho-
serine, phosphoethanolamine, glycerylphosphoethanol-
amine, hypotaurine, cysteic and cysteinesulfinic acids,
carbamy lphosphate, urea and glucosaminephosphate. More-
over, the presence of a number of low-molecular weight
peptides, including taurine and phosphoserine peptides,
which are soluble in sulfosalicylic, trichloroacetic and
perchloric acids used in the preparation of the tissue
samples, has been reported (7,8).

Taurine (2-aminoethanesulfonic acid) is often the
main constituent in the free aminoc acid pool, but how
real are its concentration values calculated from the
mixture of the most acidic amino compounds eluting in
the ion-exchange chromatography just before aspartic and
glutamic acids (5,7,9,10) ? For their strong ionization
or having phosphoric acid groups or other extra acidic
moieties, the amino acids of the "taurine fraction" as
well as the peptides containing taurine and phospho-
serine (7,8,11-15) behave similarly in the chromato-
graphy, in the ion-exchange chromatography in particu-
lar, and overlap each others. The first eluting acidic
ninhydrin-positive compounds may thus distort seriously
each others- quantitative determination. A good attempt
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to clarify the chromatographic determination of the
components of the taurine peak has recently been made
by Kontro et al. (5) and Marnela (10).

Simple hydrolytic and chromatographic means, which
for their part bring facilitation to the exact quanti-
tative determination of the individual components of
the "taurine fraction" are given here. The methods were
standardized with pure amino acids and some peptides
as well as with certain taurine and phosphoserine
peptides prepared from calf brain synaptosomes (7).

The results, although not yet definitive, will show
that serious attention must be paid to the interpre-
tation of the chromatograms regarding compounds eluting
before aspartic acid.

MATERIAL AND METHODS

Whole brains of NMRI mice were used, but the sub-
cellular fractions were prepared from calf brains.
Newly removed brains were rinsed free of external blood
clots, and the cortical layer from calf brains separat-
ed with a knife. The synaptosomes were prepared from
the homogenates in cold 0.32 mol/l sucrose by the
gradient centrifugation method of Whittaker et al. (16).

Tissue samples were homogenized in 5 % trichloro-
acetic acid (TCA), the precipitated proteins removed by
centrifugation, and the TCA then removed by shaking
with diethyl ether. The residual solution was lyophili-
zed and the amino acids and peptides then dissolved
in water. When 15 % perchloric acid (PCA) was used,
the precipitable proteins were first removed by centri-
fugation and the supernatant then neutralized with KOH
and the potassium perchlorate centrifuged. The neutral,
protein-free extracts were lyophilized and the residue

taken up in acidified water and used for chromatogra-
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phic analysis. The extracts from the synaptosomes were
prepared in a similar manner.

The amino acid samples were quantitatively anal-
yzed in an automatic amino acid analyzer (Kontron
Liguimat III), equipped with a two-channel peak inte-
grator. Ion-exchange chromatography in separate short
columns according to Garvin (17) also was used. Thin-
layer chromatography was performed on silica gel
(Kieselgel G) plates of thickness 0.25 mm. Two-dimensio-
nal chromatograms were developed with 70 % ethanol in
water and 75 % phenol in water. The dried plates were
sprayed with ninhydrin (0.5 % solution in butanol:ace-
tic acid, 20:1, pH 3.3). The spots were developed for
10 min at 105 °c.

Two unknown hydrolyzable spots on the TLC plates
from calf brain synaptosomes (7,9) were projected to the
corresponding unsprayed plates, the silica gel scraped
up and the peptides extracted with water and lyophili-
zed. They were analyzed for the amino acid composition
after the hydrolysis with 6 mol/l HC1l, and used as such
for studying the chromatographic mobility in an amino
acid analyzer.

Commecial pure amino acids (E. Merck, Darmstadt and
Fluka AG, Buchs, Basel, Switzerland) and Y -glutamyl-
taurine (Chinoin Pharmaceuticals, Budapest) were used

as standards.

RESULTS

As shown in Figure 1, the initial part of a chro-
matogram of the PCA extract of mouse brain, obtained
with a modern "high resolution" automatic amino acid
analyzer, contained more than ten different ninhydrin-
positive compounds, which could not be separated satis-

factorily well from each others. Using known amino acid
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Figure 1. Initial parts of the ion-exchange chromato-
grams of the amino compounds of mouse brain extracts
before (A) and after the hydrolysis with 2 mol/l1 (B) or
6 mol/l (C) HC1l from a "high resolution" automatic amino
acid analyzer (Kontron Liquimat III). For identificat-
ion, see Figure 2.

or peptide samples, the retention volumes of 14 different
compounds were determined (Figure 2). These formed four
peak groups, which could be separated quite well from
each others, but inside the groups the peaks of diffe-
rent compounds had almost the same retention volumes.
The first group contained carbamylphosphate, cysteic
acid, cysteinesulfinic acid, phosphoserine, Y -glutamyl-
taurine and certain other taurine peptides (see Ref. 8).
The second group contained taurine, phosphoethanolamine,
glycerylphosphoethanolamine and certain phosphoserine
and other acidic peptides (see Ref. 8), and the third
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Figure 2. Retention volumes of 14 different acidic nin-
hydrin positive compounds analyzed with an automatic
amino acid analyzer (Kontron Liguimat III) from stan-
dard amino acids, ¥ -glutamyl-taurine and certain other
peptides prepared from calf brain synaptosomes. The
hight of the absorbance lines depicts approximate molar
sensitivity of the ninhydrin reaction.

group hypotaurine, urea and again some synaptosomal pep-
tides. The fourth group consisted of aspartic acid.

The concentrations of the amino compounds of the
PCA extract of mouse brain, calculated from the chroma-
tograms of Figure 1, are given in Table 1 before and
after the hydrolysis with 2 and 6 mol/l HC1l. Most of
the peaks or peak groups of the brain extract could be
identified with the standard samples (Figure 2), but

very low concentrations of unknown compounds still ap-
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TABLE I

Concentrations of the acidic ninhydrin-positive com-
pounds of mouse brain after extraction with perchloric
acid and after the hydrolysis with 2 and 6 mol/l HCl.

Concentrations mmol/kg wet

weight
Compound as such 2 M HCl 6 M HC1
unknown 0.01 - -
unknown - 0.02 -
Cysteic acid
Cysteinesulfinic acid } 0.25 }0.18 }-0.14
Phosphoserine
unknown 0.01 0.01 0.01
Peptides (ninhydrin-positive) 0.02 0.02 -
"Taurine peptides"” _ 0.27 _

(ninhydrin-negative)
Peptides (ninhydrin-positive) 0.55 0.50 -
"Phosphoserine peptides"

{ninhydrin-negative) - 0.21 -
Glycerylphosphoethanolamine 0.72 0.55 -
Taurine 4.10 4.90 4.88
Phosphoethanolamine 1.70 1.04 1.65
Hypotaurine 0.03
A }6.86 } 6.59 °
Aspartic acid 2.06 6.87 7.50

Results are means of 5-6 experiments, S.D. being about
10 %. The order of substances refer to Figure 1. The
concentrations of the peptides and unknown compounds
were calculated using alanine as a standard.

peared both before and after the hydrolysis. Certain
peptides or peptide groups appeared between the single
amino acids. A part of these became visible not until
after the hydrolysis with 2 mol/l HCl (for 30 min in a
boiling water bath), which is known to hydrolyze the
acyl groups from the amino group. This procedure con-
verts the originally N-acetylated peptides ninhydrin-
positive. All the peptides disappeared in the hydrolysis
with 6 mol/1l HCl. The amount of aspartic acid increased
3 fold in the hydrolysis with 2 mol/l HC1, and was de-
rived apparently from the hydrolysis of N-acetylaspar-
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tate present in brain tissue (18), and still a little
in the hydrolysis with 6 mol/l1 HCl, this aspartate
being derived from the hydrolyzable peptides (4,9). The
peaks of hypotaurine and urea were completely overlapped
(Figure 2), but urea disappeared in the HC1l hydrolysis,
and a small amount of hypotaurine remained after the
hydrolysis. As satisfied with the HCl treatments of the
standards, hypotaurine, taurine, phosphoethanolamine,
phosphoserine, cysteic acid and cysteinesulfinic acid
did not be decomposed either in the 2 or 6 mol/l HC1
solution.

The peaks of taurine, phosphoethanolamine and gly-
cerylphosphoethanolamine appeared very close together
(see also Ref. 5). A small decrease in the concentration
of phosphoethanolamine due the hydrolysis with 2 mol/1
HC1l was observed, indicating that its original peak
contained some hydrolyzable, ninhydrin-positive materi-
al. At the same time the amount of taurine increased
slightly, but it is not known, what this increment in
the taurine peak arises from, but probably from the
large number of different acidic N-acetylaspartyl pepti-
des (8), which are converted ninhydrin-positive by the
hydrolysis with 2 mol/l1 HCl. Glycerylphosphoethanolamine
was completely hydrolyzed to phosphoethanolamine, after
which the determination of taurine and phosphoethanol-
amine was more reliable.

Cysteic and cysteinesulfinic acids and phosphose-
rine could not be separated from each others, but their
common amount decreased significantly after the acid
hydrolysis, indicating again some hydrolyzable material
present in their original peak. In two-dimensional thin-
layer chromatography, using 70 % ethanol and 75 % phenol
in water, these critical amino acids could be separated

very well from each others (Figure 3). Phosphoserine was
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Figure 3. A two-dimensional thin-layer chromatogram of
certain acidic amino acids, analyzed from a standard
sample on 0.25 mm thick silica gel plates. The R
values in brackets are R = 70 % ethanol: %5 .
phenol in water. 1 = phosphoe%%anolamlne (0.17:0. 03)

2 = phosphoserine (0.40:0.01), 3 = hypotaurine (0. 50

0.27), 4 = taurine (0.57:0.17), 5 = cysteinesulfinic

acid (0.71:0.12), 6 = cysteic acid (0.73:0.07).

identified in the mouse brain extract (Figure 4), but

no traces of cysteic or cysteinesulfinic acid were ob-
served. The first peak group (phosphoserine-cysteic acid
group, Figure 1-2) contained thus apparently only phos-
phoserine after the hydrolysis with 6 mol/1 HCl.

The separation of taurine and phosphoethanolamine

from each others was unsuccesful in the ion-exchange
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Figure 4. A two-dimensional thin-layer chromatogram of
mouse brain extract, treated with 2 mol/1 HCl for 30
min and run under identical conditions to that of Figure

3. 1 = probably phosphoethanolamine, 2 = probably phos-
phoserine.

chromatography by the method of Garvin (17, Table 2).

Several other acidic amino acids came partially in the

same fraction with these, but phosphoserine not. This

old method is thus unsatisfactory for the determination

of taurine, since it is contaminated by other acidic

amino acids. More useful might be the o-phthalaldehyde-
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TABLE II
Recovery percentages of taurine and certain other acidic
compounds in ion-exchange chromatography performed
according to the method of Garvin (17),.

Compound Recovery %
Taurine 100.0
Hypotaurine 26.2 £ 5.0
Y-Glutamyl-taurine 27.4 + 15.2
Cysteic acid 22.6 + 18.1
Phosphoethanolamine 115.2 + 9.8
Phosphoserine 8.2 + 2.8

Results (means + S.D.) are from 3 determinations. The
recovery value of taurine was taken as 100 and others
expressed relative to this.

urea reaction of Gaitonde and Short (19), since it is
more specific for taurine, even though performed after
the passage of the tissue extract through the ion ex-
change resins, when there again is a possibility of con-
tamination.

The acidic low-molecular weight peptides occurring
in the chromatograms between the amino acids have been
studied elsewhere (4, 7-9). They contained 5-6 different
amino acids among which acidic amino acids, aspartic and
glutamic acids, phosphoserine and taurine have a main

role.

DISCUSSION AND CONCLUSTONS

The complicated composition of the fraction of the
acidic ninhydrin-positive compounds in tissue extracts
has been known for several years; at least 10-15 diffe-
rent amino acids or their derivatives have been reported
in the ion-exchange chromatograms in two or three peak
grouos before aspartic and glutamic acids (see e.g. Ref,.

1, p. 50-51). Numerous attempts have been made to divide
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these mixtures of compounds into fractions of individual
substances, but the problem is still largely the same:
the most acidic compounds, being eluted in the volume of
cysteic acid and taurine in partucular, are completely
overlapped.

The strongly acidic functional groups in the com-
pounds dealed here make their pI values low. For ins-
tance the pKa values of taurine are 1.5 and 8.74, giving
the pI value of 5.12 for it (20). The situation is the
same with most of the above-mentioned amino acids and
peptides, which contain extra acidic groups. The free
acidic groups in them seem to be the main chromatogga—
phic determinant in the ion-exchange chromatography,
and for this reason several different compounds fall
into the same fraction.

The present study led us to the conclusion that the
direct analysis of a brain extract does not give correct
results about the concentrations of the acidic amino
acids. Better guantitative results can be obtained by
comparing the analysis results after the hydrolysis of
the sample with 2 and 6 mol/l HCl. In some cases guali-
tative thin-layer chromatography is essential for the

identification of the amino acids.
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ABSTRACT

A new method has been developed for the separation of
reduced and oxidized forms of glutathione from amino acid
mixtures. The samples were spotted on Kieselgel plates and
developed in phenol-water = 7:3 containing SDS. The separa-—
tion was performed in pressurized ultramicro chamber. The
running time was shorter than that in a normal chamber,
decreasing the possibility of diffusion. In addition to the
two forms of glutathione, nine different kinds of amino acids
could be separated. The method affords a possibility for
rapid analysis of two forms of glutathione both in the clinical

and industrial practice.
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INTRODUCTION

The tripeptide glutathione, y-glutamylcysteinylglycine,
has an important role in biochemical processes, such as the
maintenance of the sulfhydryl state of cysteinyl side-chains
of proteins, regulation of enzyme activity by diéulphide
interchange, detoxifying processes, removal of peroxides
generated in the metabolism (1). Glutathione is present mainly
in its reduced form in the tissues and the oxidized one is
a lower concentration.

There are several chromatographic methods for determina-
tion of glutathione. It has been separated with two-dimensional
paper chromatography using phenol and collidine as solvents,
or one—dimensional chromatography using propanol-water mixture
after blocking of the sulfhydryl groups with N-ethylmaleimid
(2). Glutathione and its derivatives could be separated from
other thiols and ninhydrin-positive compounds by HPLC analysis
(3-4) or in amino acid analyser (5).

Murata and his cowerkers (6) have published a procedure
for the continuous production of glutathione from its consti-
tuent amino acids using immobilized whole cells of Saccharo-
myces cerevisiae entrapped in poliacrylamide gel. The cell
membrane has become permeable for glutathione releasing it
continually from the cells. An intensive amino acid synthesis
accompanying the tripeptide production has been found.

The aim of the present study was the separation and
determination of reduced (GSH) and oxidized glutathione
(esse) in a biological mixture. The overpressured thin-layer
chromatographic technique (OPTLC) reported by Thihdk et al.
(7-8) has been adopted. The method proved to be suitable
for the separation of two forms of glutathione in phenol-

-water solvent system which has high viscosity.
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MATERIALS AND METHODS

Chemicals for general use were analytical grade and
purchased from Reanal Factory of Laboratorial Chemicals
(Budapest, Hungary). Amino acid calibration mixture was
purchased from BIO-RAD Laboratories (Richmond, California,
USA}, phenol was obtained from Loba Chemie (Wien, Austria)
and it was vacuum destilled from magnesium. The Kieselgel
60 F254 and HPTLC chromatoplates were purchased from Merck
(Darmstadt, FRG).

The development of sheets was performed in Crom.preslo
pressurized ultramicro chamber obtained from Labor MIM
(Budapest, Hungary). The concentration of glutathione was
measured with Telechrom 0E-974 videodensitometer, Chinoin

Pharmaceutical Work, Ltd. (Budapest, Hungary).
EXPERIMENTS

Saccharomyces cerevisiae IFO 2044 cells were entrapped in
polyacrylamide gel according to the method of Murata et al.
(6},

For the production of glutathione the immobilized cells
were incubated in a mixture containing 0.5 M glucose, 0.01 M
MgClz, 0.02 M L-glutamate, 0.02 M L-cysteine, 0.02 M glycine
and 0.1 M potassium phosphate buffer (pH 7.0), at 303 K.

The amino acids and glutathione were dissolved in 0.1 M
potassium phosphate buffer (pH 5.5), their concentration varied
from 1.7 to 2.3 mg/ml, each spot represents about 3-4 ug amino
acid.

The chromatoplates were developed in phenol-water 7:3

(w/w]l solvent system containing sodium dodecyl sulfate (SDS).
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The concentration of SDS was varied between zero and one
percentage. The chromatography was performed in Chrompreslo,

in linear arrangement, at 303 °k. The development required a=
bout 50 minutes with a longer migration distance, setting

a filter paper stripe (20x13 cm) on the top of chromatoplates.
The development was conducted until the solvent saturated

the filter paper. The membrane pressur was 1.2 MPa. Flow

3 3 cm3lsec,

rate was varied from 3.08x10 cm3/sec to 2.75x10"
depending on the concentration of SDS in the solvent.

To remove the phenol from the layers, the plates were
dried at 413 K, in -0.9 kp/cm2 vacuum for 30 minutes.

The identification of amino acids happened with nin-
hydrin reagent sensitivised with polychromatic y-collidine,
The composition of staining reagent was the following:

50 ml solution A + 50 ml solution B + 2 ml y~collidine.
Solution A contained 2 g of ninhydrin in 100 ml acetone and
solution B 1lg of cupper acetate dissolved in 245 ml of deionized

water, to which were added 5 ml of glacial acetic acid and

250 ml of acetone.

RESULTS AND DISCUSSION

The migrations of glutathione and different amino acids
were investigated in phenol-water = 7:3 solvent system contain-
ing SDS in different concentrations, on Kieselgel 60 F254
plates. Without SDS the GSSG has been separated from the
neighbour amino acids, however the GSH has migrated close to
the threonine and asparagine. The relative migration distances

of glutathione and amino acids are shown in the Table I.

The relative migration distances are refered to valine because
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Effect of SDS on the relative migration distances of gluta-

thione and amino acids referred to valine in phenol-water

2639

= 7:3 solvent system containing SDS in different concentration.

Relative migration distance

Phenol-water Phenol-0.5% Phenol-1%
= 7:3 SDS = 7:3 SDS = 7:3

Lys 0.036 0.11¢9 0.245
Arg 0.094 0.238 0.570
GSSG 0.144 0.081 0.070
His 0.194 0.238 0.290
Asp 0,244 0.163 0.115
Cys2 0,244 0.325 -

Glu 0.300 0.238 0.200
Cys 0.344 0.263 0.245
Ser 0.344 0.344 0.355
Gly 0.444 0.431 0.475
Thr 0.544 0.538 0.570
Asn 0.569 - 0.570
GSH 0.575 0.519 0.410
Ala 0.650 0.656 0.675
Gln 0.781 0.794 0.810
Val 1.000 1.000 1.000
Tyr 1.081 1.088 1.110
Met 1.156 1.163 1.150
Leu 1.156 1.163 1.150
Ile 1.156 1.163 1.150
Met 1.156 1.163 1.150
Pro 1.206 1.250 1.150
Trp 1.256 1.250 1.200
Phe 1.256 1.313 1.200
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of the longer migration distance. The following amino acids
showed well defined spots: Lys, Arg, His, Glu, Gly, Ala, Gln,
val, Tyr and Pro.

The order of several components have changed in phenol
-0.5% SDS = 7:3 solvent system. The migrations of GSH and
GSSG, Asp, Glu and Cys have decreased and those of Lys, Arxrg,
His have increased. His, Glu and Arg run with the same velo-
city. The relative migration distances are presented in the
Table I. The oxidized form of glutathione could be separated
again, but the reduced form migrated near the threonine.

In order to separate and qguantify the GSH, the concent-
ration of SDS has been enhanced. Developing the plates in phenol-
1% SDS = 7:3, the two forms of glutathione have been separated
from amino acids, the position of GSSG has not changed. The
GSH was localized as a well separated spot under the glycine.
The relative migration distances of the components are shown
in the Table I. Beside the two forms of glutathione the
following amino acids were separated: Asp, Glu, His, Ser, Gly,
Ala, Gln, val and Tyr. The localization of glutathione forms
and amino acids both from standard mixture and biological
samples are shown in Fig. 1. Lys and Cys migrated with the
same velocity, and Asn, Thr and Arg could not be separated
from each other in this solvent system.

Fig. 2 shows the densitometric calibration curve for
the quantitative evaluation of GSH and GSSG. The most pre-
ferable range for the determination is about 1-10 pg GSH and
1-5 png GSSG in a spot.

In biological samples the reduced glutathione is easily
converted into its oxidized form in solution or during the

development. To avoid this effect, the samples were bubbled
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Fig. 1. Separation of reduced (GSH) and oxidized (GSSG)
glutathione from amino acid mixture and biological

sample on Merck 5548 HPTLC plate,in phenol-1% SDS=

=7:3 solvent system. Flow rate: 2.92x10°3 cm3/sec.
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Fig. 2 Calibration curve for reduced and oxidized form of

glutathione evaluated in videodensitometer.



2642 ABRAHAM ET AL,

Phe, Try

lie, Leu, Met
- Norval, Trp
Vat

O~
DQ Ala, Gln
(D)

0 0
0

Arg, Asn

His,Ser, Lys,C s, Thr Gly
Glu,GlucoseNH5 Cysy

y
00
0060 30 O

DO O Asp,0rn,OH Lys
O GSSG

w6 B0 0

10 0 J 0

I " St Sty IV. V. VI VK

Fig. 3 Development of glutathione and amino acids in normal
chamber on Merck 5554 Kieselgel 60 F254 plate, in

phenol-1% SDS solvent system. Running time: 9 hours.

with oxigen. By this way the total glutathione content
might be determined quantitatively by videodensitometer.

These findings suggest that the two forms of glutathione
can be separated from amino acid mixtures in phenol-1% SDS =
= 7:3 solvent system by OPTLC method. Comparing the develop-
ment of samples in pressurized ultra-micro chamber with normal
chamber (Fig. 3) it can be stated, that the previous method
is suitable especially for solvent systems having a high
viscosity. The slow migration can be reduced from 8-~9 hours
to 50 minutes in the case of our solvent system, decreasing

the possibility of diffusion of components.
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Development in phenol-water = 7:3 solvent system the
reduced form of glutathione can not be separated from as-—
paragine. The SDS changes the selectivity of the original solvent
and the relative position of several components has changed.

It is true especially for basic amino acids and GSH. Ahrland
et al. (9] found that the titration curve of silica gel
resembles that of a weakly acidic ion exchanger. A suppose
is, that the detergent depletes the ion exchange capacity of
layer and its partitional feature has been achieved. By this
way the separation depends first of all on the polarity and
size of different components.

According to our results a modified phenol-water solvent
system containing SDS proved to be suitable for the separation
of two forms of glutathione, especially for the oxidized form.
The later showed a low migration velocity and could be localised
as a well separated spot. On the basis of this phenomenon the
application of OPTLC method might afford a possibility for rapid
estimation of GSSG. By this way several amino acids, namely
Asp, Glu, His, Ser, Gly, Ala, Gln, Val and Tyr could be
separated from the glutathione forms and quantified, too.

The time of development was decreased from 9 hours to
50 minutes by application of OPTLC method, comparing it with
the development in normal chamber. Reducing the running time,
the possibility of diffusion was strongly limited. The oxida-
tion of GSH in the biological samples prior to application
might take possible the quantitative determination to escape
the oxidation during the development. This method can be
applied for rapid analysis of glutathione and amino acids in
clinical and industrial practice.

Acknovwledgement. We wish to thank Dr. H. Kalész for many
helpful comments and suggestions.
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ABSTRACT

Several chromatographic e.g, HPT"LC, HPI.C, etc., methods
have been published in the literature for the separation,
after sufficient pretreatment, of derivatized or non~deriva-
tized glycolipid samples.,

Our task is the extraction, isolation and separation of
the glycolipids from different blood elements, followed by
suitable fractionation methods, giving the lipid classes in
sufficient purity and quantity for HPLC, HPTLC and OPTLC
measurements and possibly further biochemical use.

Ve show the differences between the procedures commonly
used and that developed in our laboratory,

The advantage of our method, which employs % cm long
Brovwnlee Labs HPLC cartridges, is that it can be automated,
it gives class fractionation of the lipid samples and as it
is hardware compatible with HPLC equipment it can be used
directly in a coupled column system for on line separation
in the individual class., The development of this columm
coupling method for the fractionation of a given lipid class
from the total 1lipid extract on an analytical column is
under development.

Author to whom correspondence should be sent: Dr., L. Leisztner
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INTROIMICTTOW

The sample prenaration for most instrumental ansalvtical
methods is a time and labour consuring nrocess., This is
really true in the case of biological samples and HPT.C, as
the costly HPLC colurms have to be protected from the various
irreversibly or near irreversibly retained components of the
biological samnle. The use of short preparative columns for
sample prenaration is getbing very common and is facilitated
by the numerous commercial products available (Sep-Pak, Prep
Flute, Bond Elute, Extrelute from VWaters, Hamilton, Analytichem,
Werck — to name a few — respectively). The problem with there
is that they are suitable only for manual work (1,?), as they
can not be installed in a chromatograph., Ve decided to develop
a method suitable later for column coupling, The vossibility
of column coupling is necessary for our analysis, as the pre-
paration of a very small sample can be performed with less
wastage in that way.

The object of our investigations, the glycolipids of
blood elements, are minor components of the cell membrane.
The majority of glycosphingolipids are assumed to be present
at the outer leaflet of plasma membranes and play very impor—
tant biological roles. The functions of glycolipids {3,4) has
been increasingly examined parallel with the methodological
developments (5,6,7,8) of identification during the last few
years.

At first only derivatized glycolipids were separated by
HPLC (9) with UV detection, later non~derivatized glycolipids
without on line detection (10) monitored by TLC runs. We pre—
sented non-derivatized glycolipid separation with refractive
index (RI) detection (11), on line detection of these compounds
was accomplished by Handa and Kushi (8) at 206 nm,

The importance of the separation of glycosphingolipids
without derivatization is that the separated components can
then be directly used for further biochemical, immunological
and structural investigations,

EXPERTMENTAL

Reagents and materials., All the solvents used were HPLC grade
purchased from E, Merck (Darmstadt, F.R.G.). The water emplo-
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yed was prepared according to Gurkin’s method (12), from water
double distilled from glass after ion-exchange. DEAE Sephadex
A-25 was obtained from Pharmacia Fine Chemicals AB (Uppsala,
Sweden) . Staining reagents were prepared from analytical grade
chemicals. ODS-GU and SII~GU cartridges were purchased from
Brownlee Labs Inc. (Santa Clara, Calif., USA). The HPTLC plates
used for monitoring HPLC fractions and purity checking were
bought from E, Merck (Darmstadt, F.R.G.).

Total lipid extract was prepared from human lymphocytes.

Apparatus. Centrifuge: Janetzki K70 MLW (Leipzig, G.D.R.).
Incubator: LP 507/1 Tabor MIM (Esztergom, Hungary).
Chromatographs: HP 1084 B with HP 79875 variable wavelength

UV detector, Hewlett Packard (Palo Alto, Cslif., USA),

Beckman 112 solvent delivery module, Altex 156 differential
refractometer, Beckman Instruments Inc. (Berkely, Calif., USA),
Fraction collector: IKB Minirac 1700, IKB Produkter AB (Broﬁma,
Sweden). Data system: HP %354 Laboratory Automation System,
Hewlett Packard ( Avondale, Calif., USA ),

Methods.

Total Lipid Extract (TLE) preparation. Lipid extraction was
carried out similarly to the methods published previously (13,
14), The TLE was extracted from the liophilized cells at room
temperature with mild sonication in chloroform : methanol mix~
tures in the ratios 2:1, 1:1, 1:2, The supernatant were col-
lected together and dried in vacuo. The dried TLE was dissol-
ved in chloroform : methanol : water = 30 : 60 : 8 mixture
(100 m1) and the solution used for the isolation of the lipid
classes described below.

Isolation of Acidie and Neubral Lipids (AcL, Nf). The separa—
tion was pexrformed on a $12 x 70 mm DEAE Sephadex A-25 column
in the acetate form, The solution of TLE (100 ml) wase applied
to the column, was washed with 100 ml of the same solvent,
then with 50 ml of methanol., The 250 ml solution issuing from
the column was used after solvent evaporation (water traces
were removed with benzene), for the fractionstion of neutral
lipids, dissolved in chloroform, as given later,

Acidic lipids were eluted with 50 ml of 0.25 M methanolic
sodium acetate, This portion of the eluent was dried in vacuo
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and incubated in 15 ml 0,1 'l methanolic sodium hydroxide at
37°¢ for 2 hours to destroy the alcali labile phospholipids (PL).
‘ie have developed a two sten chromatographic method for the
recovery and isolation of acidic glycolipids. The first step
is similar to the method using Sep—Pak (L8 cartridges (2).
After incubation the sample vas dried in vacuo and the residue
was dissolved in cold (4°C) HPLC grade water, neutralized very
carefully to A4A¢pH<KS with 0,5 ¥ HCL, The salt concentration
was finally adjusted tn 0,1 M by adding water. This sample so-
lution was passed through an 0D3-GU cartridge at a flow rate
of 1,5 ml/min, the acidic glycolipids being collected on the
column, After washing the cartridge with 30-50 ml of water,
the glveolipids were eluted by 50 ml chloroform : methannl =

1 1 2 mixture,

Fractionation of leutral Linids, The neutral lipid portion
derived from 2-8 x lOIO lymphocyte cells were taken up in 3

ml of dry chloroform and 5 - 30 ml aliguots were injected.
Detection was at 254 : 600 nm, sample : reference wavelengths,
attenuation 0,9 AUFS for the UV detector and 1. V attenustion
FS for the RI detector. /e employed the HP 1084 B LC equiped
with UV and RI detectors coupled in series, with a fraction
collector after the last detector.

Numerous elution profiles, given later, were tried, of which
the selected chromatographic conditions were: flow 1 ml/min,
gradient elution, solvent A was chloroform, B was methanol,
The gradient started with 1 min. isocratic 100% A, followed

by a linear increase to 100% B in 9 minutes, then a linear
decrease to 100% A in 5 minutes., The run ended after further

5 minutes isocratic 100% A, This gradient,.No.b, gave optimal
results for our purposes. The separation was conducted at
ambient temperature, In addition to on line detection the
fractions collected during the run were also monitored by
parallel TLC runs on silica plates, The empty fractions were
discarded and those containing the same components (same
subclass) united. Of the two chromatograms one was stained
with 1 : 1 sulfuric acid : water, to visualize all of the
components, giving also a specific red colour for cholesterol
during heating. The other plate was stained with orcinol re-
agent, the neutral glycolipids appearing as purple spots.
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RESUT/TS AND DISCUSSION

There are several methods for the separation of the
total Lipids, derived from biological sources such as cell
membranes, in the literature. To have a comparable picture
the commonly used methodologies have been summarized in flow
chaxrts, shovmn in Figure 1, Comparing flowcharts 1, 2 and %, it
can be clearly seen that all these methods require a great
amount of work, time and materials, especially high purity
solvents. The trend of analysis of biological samples points
to the importance of oretreatment and sample preparation (15),
Recause of the high cost of HPLC grade chemlecals and analytical
colums the use of guard and/or precolumns and rigorous sample
pretreatment became more and more necessary, while decreasing
the time And material requirements of the analysis was also
needed,

A further reguirement can be inherent in the samples,
like in our case, The sample can be extremely small amount
and uwnrepeesteble (for example a Jlymphocyte sample of 2 Jeu=-
chemic patient before chemotherapy). For this reasen the whole
analytical process has to be precise, reproducible and rugged.

The method developed in our laboratory for the separation
of TLE into lipid classes in purity, adequate for further
fractionation into separate lipid types, has the advantage of
speed, automatebility and the possibility of development into
an on line complete HPLC fractionatiom.

fhe first step in our method of 1Ll fractionation is the
known DEAE Sephadex column chromatography for the isolation of
neutral and acidic lipids, For the following steps of the se-
paration we applied Brownlee Labs SIT~GU and 0ONS~-GU cartridges,

Comparing the flowcharts 1, 2, % with 4 it can be seen
(Figure 1) that the use of small cartridge colums for the class
fractionation after the senmaration of acidic and neutral Llipids
is much simpler and more economic in terms of labour, solvents
and time,

The acidic Tipid purification with the ODS-GU cartridge
described in the experimental part was checked for purity of
the ganglioside class with HPTTLC as shown in Figure ?, As can
be seen on the chromatogram, only resorcinol positive com-
pounds are present,



T.L.E. T.L.E.

From here on same as #1

FLOWCHART #2

£l y

FLOWCHART # 1

Figure 1. Possible work up routes of TULE,
Plowcharts #1 - 3 from literature data, #4
showing our method,
Symbols used: LL ¥i,: liguid-ligquid extraction,
i¥: lower phase, UP: upper phase, Ac: acetylation,
Fl: M™origil col,chrom,, DeAc: deacetylation, Dial:

dialysis, 5G: Sephadex G col.chrom,, G: gangltiosides,

¢ N

?
5: sulphatides, Alk: alcalization, S5Si: silicic acid
C

col.chrom,, SI: 571~CGU col,chrom,, 18" 0u5-CU col.

chrom,



T.LE.

FLOWCHART #3

Figure 1 - continued

T.LE.

FLOWCHART #4
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Figure 2. HPTLC separation of lymphocyte gangliosides to show
their purity. Sample applications of 0.5, 1.5, 1.0
Pl of ganglioside solution of 8 x 109 lymphocytes in
1.0>ml chloroform : methanol = 1 : 2 ,
Plate: 5 x 5 cm Merck HPTLC Si 60, developing system:
CHCl3 : CHL0H : 0,025M KCl/H20 =60 : 40 : 9,

staining with resorcinol-HCl, 100°C, 20 min,
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308 6.15 9.23 12.31 15.38 18.46 21.54 24.62 27.69 30.77 33.85 36.92 40

Pigure 3., Chromatograms of lymnhocyte neutrsl lipid fraction

with elution profile Wo. 5.

1, UV detector signal,

?. RI detector signal,

CH}: cholesterol esthers, CH: cholesterol, WGI:

neutral

glvenlinids.

t (min)
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mgble 1. jution profiles tested for the separation of neutral

1ipid classes on SIT~0GU column, eluents; A:chlovoform,

Rimethanol,

B at start

Gradient SEGHIENTS 9B at end Flow o, of
duration mnin,
No. nrofile ml/min | fractions
L 2 % 4 5
0] 0 100
1 0 100 100 - - 1,0 26
1 10 15
0 10 1.00 100 @]
? 10 100 100 0 O 0.5 60
10 5 1 4 20
0 6} 100 100 0
3 0O 100 100 0] Q 0.5 20
3 9 % a4 20
10 100 10
4 10 100 3.0 - - 0.5 20
20 10 10
0 0 100 0]
5 0 100 0 0 - 0.5 5
1. 9 5 25
7 1.00 7
6 7 100 7 ! - 0.5 4
1 9 5 20
30
7 50 - - - - 0.5 6
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Pigure 4, General monitoring nlate of the separation of
eyte neutral lipid fraction on SII~GU column.
Plate: 5 x 5 cm Zerck HPTLG Si 60, developing svstem:

CHM g ¢ CHZOH : W0 = 65 ¢ 25 : 4 , staining with

1ympho-

HyS0,7: H0 =1 11, 100°¢, 2 min,

Tenes: 1, TLE, 2., 3. neutral lipids (CHE, CH, gly-
cerides ete,) 4.,5, neutral glysclinids, 6, back-
ground of solvents evaporated,
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Table 2, Retention time stability and reproducibility of

the separation of lymphocyte neutral lipid frac-

tion on SIT~CU column,

CHE CH NGT
Run Mo,

3 Tty TR Tptp| b Tty

1 0.75 =0.002 | 5.95 -0.01 | 6.72 =0.155
2 0.72 =0.012 | 5.95 =0,01 | 6.97 +0.045
3 0.74 +0.008 | 5.98 40.02 | 7.08 40.205
4 0.74 +0.008 | 6.00 40,04 | 6.60 -0.275
5 0.74 +0.008 | 5.99 40,03 | 6.95 +0.075
6 0.75 +0.018 | 6.02 +0.06 | 7.13  +0.155
7 0.74 +0,008 6.00 +0.04 6.95 +0.075
8 0.74 +0.008 | 5.99 +0.0% | 6.83 =0,045
9 0.76 +0.028 | 6.00 +40.04 | 6.8% =0.045
10 0.72 =0.012 | 5.87 =0.09 | 6.88 +0.005
11 0.71  -0.022 | 5.85 -0.11 | 6.74 =0.135
12 0.72 =0,012 | 5.8% =0,1% | 6.84 ~0.035
13 0.72 =0.012 | 5.98 +0.02 | 6.79 =0.085
14 0.72 ~0.012 | 5.99 +0.03 | 6.90 +0.025
15 0.76  +0.098 | 6.00 +0.04 | 6.97 +0.095
16 0.7. -0.,022 | 6.01 +0.05 | 6,87 =0.005

T, | 0.732 5.96 6.875
SD 0.016 0.06 0,130
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The neutral lipid class fractionation was carried out on
a SII—GU column. The dried sample was dissolved in chlorofoxrm,
as the use of chloroform—methanol mixtures for sample introduc-
tion interfered with the separation of cholesterol esthers and
cholesterol, although it dissolves the sample much better.
After isocratic exploratory experiments, gradient runs were
tried. The elution profiles tested and relevant data are sum-
marized in Table 1, Of the several gradients tested for neutral
lipid class fractionation, No.5, the best, was selected in the
end, The corresponding chromatograms are shown in Figure 3.
The aim was sufficient separation between classes and if nos-
sible, negligable separation in the classes themselves, This
was to make possible the collection of small fractions for
total recovery, or column coupling with the heart-cut method
for analytical separation of the lipids of a selected class,
As shown on a general monitoring plate (Figure 4) the class
separation is adequate.

The stability and reproducibility of the method can be
seen from Table 2, glving the retention times, their average
values and standard deviation from 16 runs, It can also be
seen from the table, that column verformance is stable,
there was no unidirectional drift in the fR—tR data, Choles~
terol esthers and cholesterol retention times are from the UV
signal, those for neutral glycolipids from the RI signal,

The retention times are corrected for the delay caused by the
connerting tubing between the detectors,

As showvn by the standard deviations the reproducibility
is very good, Humerous sampleg can be analvsed on a small
cartridge without any significant chenge in svstem behaviour,
as can be geen in the random character of the variatinrn of
Tty values,
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IDENTIFICATION OF SOME POTENTIAL ANTIDIABETIC COMPOUNDS

ON IMPREGNATED SILICA GEL G PLATEA AS THEIR % -COMPLEXES
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and
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ABSTRACT
A rapid and convenient procedure for the detection of
potential antidiabetics as g complexes with aromatic amines is
described. The method could be of immense value even in places where
normal laboratory facilities are not available.

INTRODUCTION

The field of charge transfer complexes has been investi-
gated recently by several chromatographic techniques. Unsaturated
lipids have been resolved on columns of golica gel impregnated
with silver nitrate (1). Thin=-layer chromatography has been
employed in the investigations of the complexes of silver with
terpenes (2), glycerides (3) and silylic-propenylic isomers (4).
The separation of the g - complexes of m-dinitrobenzene, 2, 4-
dinitrotoluene, 2,4,5-trinitrotoluene and 2,4,6-trinitroanisole with
some hydrocarbons on TLC plates has been carried out (5). Nitroaromatic
compounds form n - complexes with aromatic donors (6) due to polari-
zation of the nitro group. These % complexes involve hybrid struc-
tures with bedding of the filled Sp hybridized orbital on the
nitrogen atom in the amine compound with the vacant p orbital

on the nitrogen of the nitro group, e.g.
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3 H

1N N+/°' . H,N
~0

N
d/ 0

More recently it has been suggested that during the formation
of 1:1 i complexes of the m-dinitrobenzene with various
aminobenzoic acids only one nitro group plays role (7). The
majority of the complexes are unstable, Solvent and adsorption
forces, steric hindrance, temperature etc., weaken the charge

transfer linkages and make their study difficult.

The present papers describes a simple and convenient
method for the identification of trace amounts of 1l-(2,4-
dinitrophenyl)~-3,5-dimethyl/diphenyl-4-arylazopyrazoles (A) ,which
are well known as potential antidiabetic agents, as charge-~
transfer complexes with aromatic amines employing TLC technique.
The resolved T complexes being highly coloured could be located
easily on the chromatoplates. It was possible to identify as

little as 1-2 pg of these compounds as their ® complexes.

R

=N-C~—C —R

(a)
where R represents various substituents, R1=R2+CH3 or CGH5
EXPERIMENTAL
The TLC plates (thickness 0.5 mm) where prepared by
spraying a slurry of a mixture of 50g of silica gel G+1 g of

aromatic amine in 100 ml of distilled water and drying for

24 hrs at a constant temperature of 60°c. The compounds (I-XX)
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TABLE - 1
S1 R Ry R, Rf x 100 Detection
No. A B A B limit
Plain SiTlica Silica Gen C+p- (pg)

_ Gel G Toludine

I H CH3 CH3 44 52 36 46 2.0
I1 2—CH3 CH3 CH3 55 49 29 40 1.5
III 3--CI-I3 CH3 CH3 37 50 32 32 2.0
Iv 4—CH3 CH3 CI-I3 31 54 24 36 3.5
v 2-CI CH3 CH3 21 28 20 29 2.0
Vi 3-CI CHy CHy 22 34 21 23 1.5
VI 4-CI CH3 CH3 25 35 16 19 1.5
VIII 2-0CH; CH, CH, 39 42 41 52 2.5
IX 3-0CH; CH, CH, 45 48 45 58 2.5
X 4-0CI—I3 CH3 CH3 46 51 50 54 1.5
XI H CGHS CGHS 30 46 28 42 1.0
Xil 2-CHgq CgHy Cglig 27 40 23 38 1.5
XIII 3-CH, CgHg CgHg 29 38 20 28 2.0
IXv 4—CH3 CGHS CGHS 32 32 18 31 2.0
Xv 2-CI CgHg CgHg 09 16 07 19 1.5
XVI 3-CI CgHyg Cglyg 13 17 11 23 1.5
XVII 4-CI C6H5 CSH'S 15 20 13 16 2.0
XVIII 2—OCH3 CGHS C5H5 26 23 31 45 1.5
XIX 3-OCH; CgHgy CgHg 28 28 26 54 2.0
XX 4—OCH3 CGH5 CGHS 33 30 35 51 2.0

* For p-toluidine impregnated plates
a - Averadge of two identical runs

Solvant Systems: (A) Xylene (60/): Chloroform (30/):Acetone (10/).
(B) Benzene (55/) :Chloroform(40/): Ethyl methyl ketone(5/)

Rate of Development:15 cm in 40 min for plain silica gel plates and 15 cm i
50 min for p-toluidine impregnated silica gel plates.
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in acetone (0.05/ w/v) were applied to the chromatographic plates
using glass capillary and the chromatograms were eluted with

various solvents systems but the best resolution was obtained

with solvent systems A and B (Table-1l).

After thorough research it was found that a mixture of
p-toludine and silica gel gave the most satisfactory separation.
The results are presented in Table-l. For comparison the values
on plain silica gel plates under similar conditions are also
given. It can be seen that out of 20 pyrazoles only 12 can be
separated on plain silica gel G plates. Further, it may be
pointed out that the Rf-values are changed when a mixture of

pryazoles was applied.

RESULTS AND DISCUSSION

The resolution of # complexes was found to be governed by
three factors (i) adsorbent (il) nature of the 7T donor (aromatic
amine} and (iii) irrigating solvent. 1In general the migration
of these compounds were in relation to the effect of electron
attracting or repelling groups present in them.
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ABSTRACT

The very important aspect of effect of the magnitude of
specific surface area on RM values obtained by using TLC
method is presented. In experiments were performed on 4
adsorbents of different specdfic surface areas 50 - 500
m2/g and with mixed binary mobile phases.

It is shown that RM values of chromatographed substan-
ces aromatic hydrocarbons are lineary dependente upon the
specific surface area of adsorbents for each composition
of mobile phase. This relationship can be described by a
straight line, with the parameters a and b that can be
tabularized. These lines can be used to calculate the R

M
values of chromatographed substances ior any adsorbent if

2665

Copyright © 1983 by Marcel Dekker, Inc. 0148-3919/83/0614-2665$3.50/0



2666 ROZYLO, MALINOWSKA, AND PONIEWAZ

is specific surface area is known. The illustrational com~
parison of experimentally obtained and theoretically pre-
dicted RM values for different chromatographic system are

presented.

INTRODUCTION

Adsorbents of difierent microporous structure (1-5)
have been used for a leng time in thin-layer chromatography
for the separation of mixtures of various substances. The
microporous structure of adsorbents is an important affac-~
ting optimization of the chromatographic process. The sig-
nificance of the microporous structure of the adsorbent in
the process of thin-layer chromatography was studied by
Geiss _6) and Snyder {7, . Practical possibilities of con-
trolling the process of thin-layer chromatography were
also indicated by Rdézyzo (8,9}. Attemps were also explain
the physical-chemical significance of the value of the
adsorbent specific surface area in thin-layer chromato-
graphy :10;. Recent considerable interest in the role of
the specitic surface area of the adsorbent in thin-layer
chromatography is due to growing importance of this method
as a pilot technique for determining the optimum conditions
of mixture separation on both analytical and preparative
scales. The latter is widely applied for obtaining and
purifying of natural origin in research laboratories, as
well as in pharmaceutical and food industries, and also in
the nature enviroment protection {11).

Linear relations between RM values of substances for

pure components of a mixed e.g. binary mobile phase RM1 2
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and the specific surface area of the adsorbent, as has
already been observed - are not favourable enough to be
applied in a routine process of optimization of separation
conditions. Therefore, the present paper analyses the rela-
tions between the RM values of substances and the specific
surface area of the adsorbent. The values were investigated
for identical concentrations of the mobile phase on adsor-

bents of different values of the specific surface areae.

EXPERIMENTAL

Measurements were taken of the Rp (RM}values of model
substances obtained in the process of adsorption thin-layer
chromatography on silica gels of different microporous struc-

ture, produced by MERCK (12):

pore diameter b} specific surface area m2/g
60 500
100 4001,
200 150
500 50

The chromatographed substances were certain polycyclic
aromatic hydrocarbons ahowing neither electrodonor nor
electroacceptor properties: naphthalene, 3 ~methylnaphthale-
ne, pyrene, chrysene, fluoranthene, diphenyl . This selec-
tion of model chromatographed substances aimed at elimina-
ting possible additional intermolecular actions with the
adsorbent surface and the components of the mobile phase
which was composed of four mixed binary solvents: hexane -

-benzene, methylcyclohexane - benzene, benzene - methanol
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andbenzene - ethanol. The procedure of conducting the chro-
matographic progess and substance detection were described

in several earlier publications (1-4, 8, 13:.

RESULTS AND DISCUSSION

It is apparent from the results presented in figures
1~4 that on silica gels of different specific surface area
the RM values of the chromatographed substance change in a
regular manner. It turned out that there is a linear depen-
dence of the RM value on the specific surface of the ad-
sorbent. ‘This dependence can be presented from of a linear

equation:

Ry =as + b (1}

where s is the specific surface area of the adsorbent, and
values "a" and "b" - parameters of the straight line.

As appears from the graphs, the RM values obtained from
the experiment are laid on a straight line drawn so as get
the smallest deviation. Table 1-4 shows the Ry = f(s)
straight line parameters which were calculated and tabula-~
ted for particular concentrations of the mobile phase and
the chromatographed substance.

Tables 1-4 show the RM = f(s) straight lines parameters,
whib were calculated and tabulated for some chosen concen-
trations of the mobile phase and the chromatographed substan-
ce, Tables 1 and 2 show the parameter "a® of the straight
line whereas tables 3,4 - the parameters "b",

In the systems methylcycloheksane - benzene and he

~ benzene inactive mobile phase the "a" values decrease
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Fig. 1.

Linear relationship between RM values and specific
surface area of adsorbent. Solvent system: benzene-
-methanol. Points - experimental data, straight

line - theoretical data, calculated from eq. 1.
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SOLVENT SYSTEM Cg-lg CH,0H
' R

|
LF LUORANT HE

100 300 500 B0 300 500

SPECIFIC SURFACE AREA OF ADSORBENT {m%gl

Fig. 2.

Linear relationshiyp between RM values and specific surfa-

ce area of adsorbents. Points - experimental data,

straight line - theoretical data calculated from eqg.l.
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Fig.5. Rekationship Ry = {7 .+ Points - experimental data,
lines - theoretical data.
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Fig.4. Relationship Ry ="f% 3. (@ ———- - silica gel €0,
O silica gel 100, @ - - -- silica gel 200,
®. .. . ...... silica gel 500.
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Table 1
Values of parameter "a" for inactive mobile phase.
Substance concentration of benzene

mobile phase: methylcycloheksane - benzene
0.0 0.1 043 0.5 C.7 0.9 1.0

diphenyl O.14 0.089 0.09 0.08 0.07 0.03 0,03
naphthalene 0.09 0.09 0.07 0.,04 0.02 .0,02 0.02
Zﬁgggiﬁgfggi' 0.10 0+10 0.08 0.08 0.07 0.07 0.04
fluoranthene 0.09 0,07 0.05 0.03 0.02 0,02 0.03
anthracene 0.12 0.08 0.07 0.05 0.05 0.05 0.04
chrysene 0.11 0,10 0.09 0.08 0,08 0.07 0,03
pyrene 0,15 0,11 0,10 0.08 0.06 0,07 0,06

mobile phase : heksane ~ benzene

déphenyl 0,18 0.15 0.12 0.12 0.09 0.07 0.03
naphthalene 0.12 0,09 0.08 0.05 0.02 0,01 0,02

2,6=dimethyl~
ﬁaphthalene 0.15 0.12 0,10 0.05 0.05 0.04 0.04

fluoranthene  0.12 0.12 211 0,05 o0.04 o0.04 0.03

anthracene 0.17 0O.14 0.11 0.05 0.04 0,08 0,04
chrysene 0.16 0.15 0.12 0.06 0.08 0,06 0,03
pyrene 0.18 0.13 0.12 0.11 0.10 0.06 0,06

Xparamiter "a" values are presented as ax10™2

with the increase in the concentration of benzene which is
the more active component of the mobile phase.

In the systeiss where the second component most active
has the ability to formation of hydrogen bonds ( benzene~
-methanol, benzene - ethanol: the slope of the straight
line parameter "a" increase with the increasing concen-
tration of alcohol. It is possible that this behaviour of
the parameter "a" is to some extent influenced by the

association of alcohol that occurs in such systems.
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Table 2

Values of parameter "a" for active mobile phase

Substance concentration of alcohol
mobile phase: benzene - Methanol
0.0 0.1 0.3 0.5 0.7 0.9 1.0

naphthalene 0,02 0.03 0.07 0,07 0.09 0,11 0.13

methylnaphtha= o,02 0.05 0.05 0.07 0.10 4 49 0.12
chrysene 0.03 0.04 0,04 0,06 0,08 0.08 0,06
pyrene 0.06 0.06 0.06 0,07 0,11 0.11 0,12
diphenyl 0.03 0.04 0.06 0.09 0,15 0.16 0.15
fluoranthene 0.03 0.,05 0.06 0,08 0.12 0.12 0.13

mobile phase: benzene - ethanol

methylnaphtha.

lene 0.02 0.05 0.04 0,03 0.06 0,06 0.05
chrysene 0.03 0.05 0.02 0,05 0.03 0.04 0,04
pyrene 0.06 0.04 0.03 0,05 0,04 0.07 0.07
diphenyl 0.03 0.04 0.02 0,02 0.04 0.04 0,08

X parameter "a" values are presented as ax10™2

Tables 3 and 4 cantain the parameter "b" for considered
systems. The parameter "b" may give information about the

molecular action between mobile phase and chromatographed
substance for the surface s = O,

The straight lines described can be used for the cal-
culation of the Ry values of substances on any adsorbent
with a specific surface area. A series of arduous measu-
rements can be avoided in this way. It is enough to take
two measurements of possibly extreme Ry values in order
to draw straight lines RM = f(s}. When parameters "a' and

"p" are known for two ditferent substances, the separability
of such mixture can be calculated with good approximation,

with the use of the given mobile phase.
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Table 3

Values of parameter "b" for nanactive mobile phase

Substance concentration of benzene
mobile phase: methylcycloheksane - benzene
0.0 0.1 0.3 0.5 0.7 0.9 1.0
diphenyl ~0.16 =0.22 =0.36 =0,45 =0.49 =0.48 -0.48
naphthalene ~0.04 ~0.14 =0.27 -0.32 =0433 ~0.35 -0,35
2,6-dimethyl~- _ - - - _ - -
naphthal ene 011 0.22 ~0436 =042 =0.43 -0.,47 ~0.45
fluoranthene 0.07 =~0.05 =0,17 =0.31 «0.36 -0.38 -0,38

anthracene 0405 =0.,07 =0411 =0.,30 -0,34 ~-0.38 -0,38
chrysene 0402 =0.28 =0.35 -0.42 ~0.47 -0.46 -0,48
pyrene =0,16 =0,10 =0.37 =0.41 =0.,43 =0.45 -0.,47

mobile phase: heksane - benzene

dlphenyl -0.14 -0.30 -0943 -0059 ~0.58 —0-56 -0048
naphthalene 'O.15 -0,20 ~-0.28 -0-37 —0136 _0c37 "O¢37

2,6-dimethyl- 4 45 _5 57 =0.41 =0,40 —0,45 ~0.45 =045

naphthalene
anthracene 0.01 =0.13 =0.30 =0.37 ~0,39 040 =0.40
fluoranthene 9.02 =0.13 =0,30 =0.37 =0,39 ~0.40 ~0.,40
chrysene «0.15 =0417 =0.21 =042 ~0.47 =047 ~0.48
pyrene =007 =0.26 =0.,40 -0,55 =050 =047 =047

It results from the graphs 3 and 4 of dependencies
RM1.2 = f@ﬁ} presented in figures 3 and 4, that and theore-
tically on the basis of the equation 1 are within the range
of a permissible experimental error, i.e. that those theore-
tical RM values are adequate representations of real RM
values.

The obtained results seem to suggest thst it is possible
to tabulate values "a" and "b" in order to calculate the de-
pendence of RM = f(s). It has also been stated that there

is a general dependence of the parameters of the straight
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Table &

Values of parameter "b" for active mobile phase

Substance concentration of alcohol
mobile phase: benzene - methanol
0.0 0.1 0.3 0.5 0.7 0.9 1.0

naphthalene 0,35 =053 =0,65 =~0.81 -0,90 -0.94 -1.12
n;gﬁ}gﬁg};ne ~0.41 =0.53 =0.79 -0.86 -0.98 -0.99 -1.03
chrysene -0.48 =0.51 -0,62 =0.,79 =0.73 -0,72 -0.58
pyrene “0.47 =0.57 =0.72 -0.85 -0,85 -0.87 -0,&4
diphenyl 0,48 =0,59 -0.79 -0.94 =-1.06 -0,05 =1,13

filuoranthene -0,38 =0.44 -0.,64 -0,90 -0.89 ~0.96 -0,92

mobile phase: benzene - ethanol

n;’;'lﬁiﬁﬁene —0.41 =0.63 =0.68 =0.80 ~0,71 -0.71 =0.62
chrysene =048 =0.53 -0.64 -0,73 =0.53 -0.58 =0.52
pyrene =047 =0,52 =0.74 =0.,86 ~0,76 -0.76 ~-0.72
diphenyl =046 =0,61 =0,79 =0,71 ~0,75 =0.75 «0.73

line RM = as + b on the difference of the elution strenght
of the components of the mobile phase, the surtace on the
adsorbent, occupied by the chromatographed substance and the
molecular of the components of the mobile phase. This
affords a wider range of possibilities of optimizing the
thin-layer chromatography process.

The dependencies described above can undergo changes in
the case of sieve effect leading to a non~linear from of
equation 1. Consequently, the applicability of the obtained
dependencies should be limited to the values of the speci-~
fic surface 50 - 500 m2/g (14}.

It seems that investigations presented above can be of

great importance in transforming the chromatographic data
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of thin-layer chromatography to the conditions of liquid
column chromatography, due to frequent differences in the
properties of the stationary phase in both methods, resul-

ting from their nature.

REFERENCES
1. A.Waksmundzki, J.Rézyto, Annales UNCS, Lublin, Sec.AA,
20, 93 (1965)
2. E.Stahl, Dunnschichtchromatographie, Springer, I-st and
II-nd Eds. 1962, (1967)
3. A,Waksmundzki, J.K.R6zyto, Chem.Anal., 11, 101 {1968},
14, 1217 (1969); 15, 133 [1977); 16, 177 (1971},
4, A.Waksmundzki, J.K.Rézyto, J.Chromatog., 33, 90 {196&);
33, 96 (1968); 75, 55 (1973)
5. H.Halpaap, J.Chromatog., 78, 63 (1973)
6. F.Ceiss, Die Parameter der Dunnschichtchromatographie,
Vieweg, Braunschweig 1972, p. 89
7. L.R.Snyder, Principles of Adsorption Chromatography,
Dekker, New York, 1968
8+ J.K.,Ré2yt0, Interpretation and optimization of adsorption
thin-layer chromatography process, in Annales UMCS,
Lublin 1975 (in Polish )
9. J.K.Ré2yto, Folia Soc. Scient. Acad Lublinensis, 21, 71
(1979)
10. J.K.Rézyro, J.A.Jaroniec, H,Kotodziejczyk, M.Jagniec,
J of HKC and CC, 2, 237 {1979)
11, M.E.Getz, PFaper and Thin-Layer Chromatography Analysis
of Environmental Toxicants, Heyden, London, 1980

12, Catalog of Merck, 1981



ROLE OF SPECIFIC SURFACE AREA 2677

13, J.0$cik, J.K.Kézyto, Chromatographia, 4, 516 (1971)

14, Ju.,A.Eltekov, private communication.






JOURNAL OF LIQUID CHROMATOGRAPHY, 6(14), 2679-2685 (1983)

DETERMINATION OF BIPHENYL IN CITRUS FRUITS BY QUANTITATIVE
THIN-LAYER CHROMATOGRAPHY

Joseph Sherma, Peter J. Sielicki, Jr., and Scott Charvat
Department. of Chemistry
Lafayette College
Easton, PA 18042

ABSTRACT

Residues of the fungicide biphenyl in citrus fruits have been
determined by direct scanning of spots on phosphor-impregnated high
performance silica gel TLC plates under UV light. Biphenyl was
separated from fruit tissue by steam liquid-liquid extraction.
Recoveries from spiked samples ranged from 92-99% at 100, 50, and
10 ppm levels. The precision of the TLC determination and overall
procedure are shown to be adequate for residue analysis.

INTRODUCTION

The official AOAC method for determination of residues of the
fungicide biphenyl in citrus fruits is based on steam distillation,
preparative thin layer chromatography (TLC), scraping and elution of
biphenyl zones from the thin layer plate, and solution UV spectrometry
at 218 nm (1,2). This paper reports a more rapid, simplified method
for this analysis based on the direct scanning of the UV absorbance
of biphenyl spots on phosphor-impregnated high performance silica gel
layers. Precision (reproducibility) and accuracy (recovery) are at
least comparable to the more laborious official method, and the

specificity offered by the thin layer separation is retained.

2679
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EXPERIMENTAL

The preparation of citrus samples and biphenyl extraction
using the SGA Scientific, Inc., No. IJM-8590 lighter-than-water
volatile oil trap were carried out as described in the official
method (1,2) with the following exceptions. Extraction was per—
formed for 3 hours at the two highest spike levels and for 4.5
hours at the lowest level. The solution was boiled vigorously
during extraction and a rapid cooling-water flow was used in the
condenser to prevent loss of biphenyl out of the top of the
apparatus. The final heptane solution was freed from water by
passing through Whatman phase separating paper (1PS) rather than
a column of anhydrous Nazsoa.

Samples were fortified by adding 1.00 ml of ethanolic spiking
solution to 100 g of blended, peeled orange or lemon fruit or
ground peel in the one liter round bottom flask. The spiking
solution contained 1.00 g biphenyl per 100 ml for preparation of
the 100 ppm sample, 0.500 g per 100 ml for the 50.0 ppm sample, and
0.100 g per 100 ml for the 10.0 ppm sample.

TLC was carried out on 20 x 10 cm Whatman HP-KDF high per-
formance silica gel plates. These plates contained a fluorescent
phosphor that was activated by 254 nm UV light, and were divided
into nineteen lanes of 8 mm width. Plates were cleaned by pre-
development with methanol-chloroform (l:1 v/v) and dried in a
fume hood before use.

Biphenyl standard solutions were prepared in n~heptane at
concentrations of 0.125, 0.250, 0.500, 1.00, 1.50, and 2.00 upg/pl.
Standards and samples were applied to separate lanes, 2 cm up
from the bottom of the plate, using disposable 4.00 ul Drummond
microcap micropipets. After air drying, the layer was developed
with n-heptane in a filter paper lined glass, rectangular HPTLC
tank (Fotodyne) that had been pre-equilibrated with solvent for
at least 10 minutes before inserting the plate.

The chromatogram was air dried in a hood and biphenyl spots

were measured by scanning with a Kontes Model 800 fiber optics
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densitometer equipped with a Hewlett Packard Model 3390A calculat-
ing integrator/recorder. Scanning was done in the single beam,
transmission mode using the 254 nm shortwave-UV cobalt glass filter.
Precentage recovery was calculated by comparing the area of
the sample zone to the area of the standard zone on the same plate
representing the theoretical amount for 100% recovery. The final
sample solutions were collected in 10.0 ml volumetric flasks.
Sample volumes spotted and the theoretical weights representing
100% recovery were as follows for the three fortification levels:
100 ppm sample, 4,00 ul, 4.00 pg (4.00 ul of the 1.00 pg/ul
standard); 50.0 ppm sample, 4.00 pl, 2.00 ug (4.00 ul of the
0.500 ug/ul standard); 10.0 ppm sample, 20.0 ul, 2.00 ug. Samples
and standards were applied on adjacent lanes in duplicate, and the
average area of the standard spots was compared to the two individ-

ual sample spot areas.

RESULTS AND DISCUSSION

Development with heptane porvided tight, circular zones of
biphenyl with an RF value of ca. 0.5, which is within the
optimum range for quantification by densitometry (3). Approxi-
mately 12 minutes was required for a 6 cm development distance.
The spots were detected as dark, absorbing zones against a bright,
fluorescent background (fluorescence quenching) when the plate was
viewed under shortwave UV light. The zones were measured by
scanning using the 254 nm filter over the densitometer light source.

To determine that analyses were being conducted within a
linear calibration region, 0.5-8 ng amounts of standard biphenyl
were spotted in 4 pyl volumes, and scanned. Plots of peak area vs.
weight had an average correlation coefficient (R) of 0.982 and a
range of 0.991-0.967 (9 replicates). Recovery values were calcu-
lated by comparison of samples to single standard zonmes (4 ug
and 2 pug), which were within the linear calibration range.

Reproducibility of the TLC determination was measured by

spotting seven 2 ug (4 ul) spots in adjacent lanes and scanning
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TABLE 1

Biphenyl Recovery from Orange Fruit

Trial Average Recovery

100 ppm Spike

1 97.9
95.1
94.9

50.0 ppm Spike

93.5
96.5
92.4
L%k 95.0
10.0 ppm Spike
1 97.9
2%k 97.9
3 97.7

* orange peel

%% Jemon fruit

the developed chromatogram. The relative standard deviation
(coefficient of variation) of the peak areas was 2.76%, which
is excellent precision considering the possible combined incon-
sistencies resulting from plate production, sample application,
mobile~phase development, and scanning.

The recovery values obtained at the same three concentra-
tions as used in the collaborative study (1) of the official

method are summarized in Table 1. Only a limited number of
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N
A\

Figure 1. Densitometer scans of spots from duplicate 2.00 ug
(4.00 pl) standards (a and b) and duplicate 20.0 ul extracts
of the 10.0 ppm fortified lemon sample (¢ and d). Peak c
represents 98,87 recovery and peak d 97.0%, compared to the
average area of the standards.

trials were performed on three sample types because the purpose
of this research was not to confirm the applicability of the
sample-preparation method but to demonstrate the efficacy of
the TLC determination. All of the results in the table are for
fortified peeled orange fruit, except the one value for orange
peel and one for lemon fruit. The average recovery results
range from 92.4 to 97.0%. The somewhat higher levels of recovery
at the lowest level suggest that the longer extraction time may
also be beneficial at the higher levels. The percentage dif-
ference between the two sample spots for the nine experiments
averaged 2.81%,which is another indication of the satisfactory

precision of the TLC determination. The agreement among the
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trials within each concentration level 1llustrate the precision

of the overall procedure. The results compare favorably both

in accuracy and precision with those obtained in the collaborative
study (1) of the official method. Recoveries above 100% at 100
ppm were not obtained, nor were recoveries proportional to the
spiking level, as in this study (1).

A blank extraction of both fruit types was carried out, and
chromatograms of these extracts contained no detectable spot at
the RF value of biphenyl. Therefore, correction of the data
was not necessary. Figure 1 shows typical densitometer scans of
duplicate sample and standard spots used to calculate the results
in Table 1.

High performance layers were chosen after determining that
biphenyl zones were less diffuse and darker than on either
conventional silica gel or on C18 chemically bonded reversed
phase layers. The latter were developed with methanol-water
(85:15 v/v) to provide an RF value of 0.26 for biphenyl. Pre-
adsorbent layers could not be used because biphenyl spotted on
the preadsorbent was not consistently detected after develop-
ment, indicating either loss by wvolatilization or irreversible

sorption in the spotting area,

CONCLUSION

The above results illustrate that the official AOAC
analytical method for biphenyl residues in fruit can be
improved by replacing the scraping and elution of TLC zones
and solution UV spectrometry by in situ measurement of zones
direetly on the thin layer plate. The changes, along with the
ability to analyze multiple samples at the same time under
identical conditions and to process standards in parallel,
result in greater convenience and saving of time without loss
of accuracy or precision. The revised method is applicable
to any samples that can be successfully analyzed by the AOAC
method.
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SUMMARY

Some silver salts of aromatic sulfonic acids were used for
thin-layer impregnation. The chromatographic properties of the-
se salts were eghined by separation of fatty acid methyl es-
ters with different degrees of saturation as well as of their
cis- and trans-isomers. Benzene sulfonic acid silver salt was
more thoroughly investigated. An attempt was made to prove the
effect of the anion of the different silver salts on the Re va-

lues of a model mixture of fatty acid methyl esters.

INTRODUCTION

Silver nitrate has long been used for thin-layer separati-

on of compounds according to the degree of saturation (1, 2, 3,
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4, 5). Silver perchlorate and fluoroborate (6) as well as sil-
ver oxide (7)., thallous nitrate (8) and silver sulfamate (9)
have also been suggested for this purpose. Silver sulfamate has
proven to be very suitable for separation of fatty acid chole-
steryl esters. The metallic ion (Ag, Pt, Pd, Tl) is thought to
form a fy-complex with compounds having double bonds. The stabi-
lity of this complex depends on the number, type, geometry and
position of the double bonds in the molecule of the compound.
All this is used in certain chromatographic methods for separa-
tion of compounds according to the degree of saturation.

This paper deals with the possibility of use silver salts

of aromatic sulfonic acids in thin-layer chromatography.

EXPERIMENTAL

Silver salts of the following aromatic acids were prepa-—
red:
Table 1
1. Benzenesulfonic acid (HO3SAr)
2. 4-Methylbenzenesulfonic acid
3. 2,5-Dimethylbenzenesulfonic acid
4. l-Naphtalenesulfonic acid
5. 2-Naphtalenesulfonic acid
6. 4-Hydroxybenzenesulfonic acid
7. 3-Carboxy-4-hydroxybenzenesulfonic acid
8. Sulfamic acid

Silver nitrate

All salts were prepared in a similar manner. The aqueous
solution of the corresponding acid was neutralized with fresh-
ly precipitated silver oxide at room temperature. The silver

salt crystallized out either on storing at room temperature or
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on evaporation under vacuum. The concentration of the stock so-
lutions was chosen according to the solubility of the silver
salt to be obtained. For example, 6 g of benzenesulfonic acid
was dissolved in 100 ml water and freshly precipitated silver
oxide was added to the solution until complete neutralization.
The consumed silver oxide was equivalent to about 7 g silver
nitrate. The yield of silver benzenesulfonate was close to the
theoretical one (97%). Silver benzenesulfonate represents
leaf-like crystalls with a melting point of more of 250 C which
are very soluble in water and ethanol. Since some of the silver
salts of the aromatic sulfonic acids are more slightly soluble
in water, water and acetonitrile (4:1 v/v) were used as a solvent.
The silver salt of benzenesulfonic acid was first synthetized
by Freund (1861) but by a different procedure.
Chromatodraphic System: 0,4 g (about 1,5 mmoles) of benzenesulfonic
acid silver salt was dissolved in 5,5-6,0 ml distilled water. A
mixture of 1,0 g Silica Gel G and 1,0 g Silica Gel HR (Merck) were
slurried with this solution. Five glass plates (19 x 4 cm) were
uniformly coated by means of spreader. Thickness is about 0,25 to
0, 30 mm. The chromatographic plates were allowed to air-dry and
kept in dry and dark until use. The model mixture of fatty acid
methyl esters was prepared using lipid standard for chromatography
(no 189-1, Sigma, St. Louis, Mo, USA) to which trans-oleic acid
methyl ester and trans, trans-linoleic acid methyl ester were
added. The concentration of the fatty acid methyl esters was about
2 mg/ml except for the trans, trans-linoleic acid methyl ester

which was 1,0 to 1,3 mg/ml. Hexane was used as a solvent. From
this solution 2}41 dropwise or 20-25Ju1 in a way of band was
applied on the start.

§2}X§2§_§Z§E§E: Hexane-pentane-diethylether-acetic acid (100:30:

6:3 v/v). Development time - about 30 min. Length of run - about
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12 em. Chamber volume/mobile phase volume ratio was 30:1. The
development was carried out in a closed chamber at room tempera-
ture. Separation improved if a precooled plate was placed in

the chamber.

After development of the chromatogramms and evaporation of
the solvent the plates were sprayed with 20% solution of sulfu-
ric acid in water-methanol (3:2 v/v) and dried in an oven at
120 ¢ for 10 min. The chromatogramms were then placed over a
heated (200 C) metallic plate for 10 min. Unsaturated fatty
acids appeared as black spots on a white background. To obtain
more intensive darkening of the spots of the saturated acids
they were sprayed again with the sulfuric acid solution and the
chromatigramms were reheated. The spots could be successfully

measured by densitometry.

RESULTS AND DISCUSSION

Fig.l shows two chromatogramms developed on a silver nitrate-
and silver benzenesulfonate-impregnated layer. The silver ion con-
centration and all other conditions of development of the chromato-~
gramms were the same. The chromatogramms demonstrate that silver
benzenesulfonate allows for the separation of the critical pair
cis-oleic acid/trans, trans-linoleic acid, which could not be achi-
eved with silver nitrate only. The limit of detection was of the
order of 0,8 to 1,0}4g for unsaturated acids and about 5,0Jng for
saturated acids. The chromatographic plates impregnated with silver
benzenesulfonate were more resistant to light and to mechanical
damage as compared to those with silver nitrate. The Table 2 sum-
marizes the Rf values obtained on a thin-layer impregnated with

AgNO3 and AgO3SAr:
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Fig.
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Chromatography of the fatty acid methyl esters on silver
nijitrate and silver benzenesulfonate (AgO3SAr) impreg-
nated silica-gel layers:

1. all cis~trienoic esters

2. all cis-dienoic esters

3. cis-monoenoic esters

4. all trans-dienoic esters

5. trans-monoencic esters

6. saturated esters
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Table 2
foloo values of some fatty acid methyl esters (mean + SD)

Impregnated all cis- all cis- cis- trans- trans- satu-
layer with triencic dienoic mono- dieno- mono- rated
esters esters encic ic enoic

esters esters esters

AgNO, 17%5 25%5 37%¢ - 44%g  s5gty
AgO,SAr 21%3 285 36%s  4ots 47%  67%4
00 |00
i ——— {Rans- MONDENOIC ESTERS () %
[ ——~ tRONS, tRONS- DIEMOIC ESMERS  (4) 1
88|  ——- CIS- MOMOEMOIC ES™ERS (3) fau
ol T £I5,CIS - DIENDIC ESTERS (2) -
[ —— afl cIS- PRIENOIC ESMERS (1) ]
60] Jen
S'L g -~ ~ 50
~ . /'\ ~ . - $/)’\4 ~ 5
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[ '\'"\«:\‘. WGz o ‘(; e N \'\a,h
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»oo ;tj'q-w_éf_///;//z/z& N
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I 10
0 Z 42;7 /// 1
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Fig. 2. foloo values of 5 different fatty acid methyl esters.
For numbers 1-8 see Table 1. The solid horizontal lines
correspond to the Rf values obtained on AgNO3—1ayer.
The shaded areas express a greater stability of the
T-complex, which can be attributed to the different

chemical nature of silver salt anion.
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Here again the silver ion concentration (about 1,5 mmoles) in the
layer and the conditions of development of the chromatigramms were
the same. From Fig.2 it is clear that the stability of the W-com-
plex depends not only on the number and geometry of the double
bonds but also on the corresponding acid resudue (anion) of the
silver salt. This suggests that besides silver nitrate other sil-
ver salts could also be used for thin-layer separation of fatty

acid methyl esters.

CONCLUSION

The proposed silver benzenesulfonate proved to be very
sujtable for separation of fatty acids with different degree of
saturation as well as of their cis- and trans-isomers on thin-
layer chromatographic plates. This chromatographic procedure
could be used as a rapid and easy-to-perform method for control
of the process of producing hydrogenated oils or for control of
foods containing partially hydrogenated oils. The use of den-

sitometry allows for the quantitative evaluation of the results.
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CHARACTERIZATION OF DERIVATIVES OF SOME CLOSELY RELATED
1-PICOLINOYL~3-METHYL~4—-(SUBSTITUTED) PYRAZOLINE-5-OHES
BY THIN LAYER CHROMATOGRAPHY

D,R, Gupta and R,EK, Arora
Department of Chemistry, University of Roorkee
Roorkee~247667,(U,P,) India

INTRCDUCTION

The antitubercular activity associated with pyrazoline-
5-ones (1) , picolinic acid hydrazide (2) and the antibacterial
activity of sulphonamides (3) prompted us to undertake the
synthesis of l-picolinoyl-3-methyl-4~(substituted)-pyrazoline-
5~ones (see formla) as possible new bioclogical active agents.
In view of their medicinel importance, it is thought worth-
while to carry out a TLC separation of these compounds.

x-@-n:n-ﬁc C-CH

l 3
L

h

l

co

c
o“

@N
"
where X-represents different Fbstituents (Table 1)
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GUPTA AND ARORA

Table -~ 1
S1. X R x100
Yo,
A B
1 -SOZI\TH2 . 37 36
e
2 -So,NH, & 49 -
\RH2
3 =80 NE<C N 59 -
< 1 ~d
3
- 7N
4 S0 21\!H-<H_ > 74 83
5 =So,HiH,Co,CHy 76 77
6 -SozNH-E ) 68 60
N
7 =So ZHHQ\I‘ ID 71 73
v <CHz
8  -So,NH < \? 40 ol
V= ay
"3
9 2-C1 12 14
10 3-C1 24 23
11 4-C1 27 32
12 2-0CH, 20 17
13 3-~0CH 61 60
14 4-0CH, 13 25
15 4-Br 43 77
Rate of development 45 45

for 15 cms in min

Chlorofarmsmethanol (90:10)

Benzene

sethyl acetate (60:40)
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EXPERISENTAL

All the derivatives of pyraszoline-H-one were synthesized
in this laboratory by wsual methods (4)., TLC plates (0.5 wm.m.
thick) were prepared from silica gel G (Sisco) by means of
Stahl's applicatown e pletes were activated at 60°¢ for 24
hrg, All the compounds were recrystallized prior to their use,
The pure orgenic compounds were dissolved in hot glacial acetic
acid and were applied to the chromatoplates with the help of a
glags capillary and the spots were allowed to air dry, The
chronetograms were developed at constant temperature (303-_20)
with different solvent systems, The chamber used for the develop-
ment was saturaited with vapours of the solvent mixture before
carrying out the separation. A mixture of chloroform:methanol
(90:10) and benzgenesethyl acetate (60:40) was found to give
the best results., As these compounds gave coloured gpots, no
visualiser ygg therefore employed. The Rf values of the
compounds were determined and recorded in tabdle 1, The results
were found fairly reproducible within the limits of experimental
error,
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PHOSPHOLIPID COMPOSITION
AND DIFFERENTIATION OF METHANOTROPHIC
BACTERIA

L.V.Andreev and V.F.Galchenko
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logy of Microorganisms, USSR Academy
of Sciences, 142292 Pushchino Moscow

Region USSR

ABSTRACT

A combination of TLC and extraction of native
cells on the layer of sorbent was used for analysis
of phospholipid composition of bacteria. The method
is suitable for rapid routine differentiation of
genera and species of obligate methanotrophic bac-
teria.

INTRODUCTION

During the past decade bacterial taxonomy has
undergone essential changes which are reflected in
the 8th edition of Bergey's Manual of Determinative
Bacteriology (1). It was largely due to the uge of
modern chemotaxonomic techniques which become cur=-
rently accepted in systematics of bacteria (2-3).

All orgenisms contain polar lipids, and their
analyses often enable one to elaborate classifi-
cation systems of microorganisms (3). Presently,
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researchergs pay a special attention to rapid and
qualitative methods of analysis which allow the

study of a great number of sgstrains and their rapid
preliminary identification (express-diagnostics).

) Methanotrophic bacteria attract an increasing
attention due to their practicel importance. However,
the taxonomy of the organisms still needs further in-
vestigation. So far the questions of methanotroph
classification have been tackled with help of con-
ventional methods of bacterial taxonomy. The elabo-
ration of progressive chemotaxonomical approaches in
the taxonomy of methanotrophic bacteria is an urgent
taske.

Previously it was shown (4) that methanotroph
types (groups) differ in their phospholipid and fatty
acid composition. A more detailed analysis of fatty
acids of a large group of methanotrophic bacteris
(68 strains) allowed the identification of these
orgenisms to genera and species (5). Such an analysis
revealed also the differences in the phospholipid
compogition of different genera and types of methano-
trophs (6).

In the present work the possibility of the
express~diagnostics of obligate methanotrophic bac-
teria based on thin-layer chromatography of their
phospholipids.

MATERIALS AND METHODS

Materials

Thin-layer glass plates, 20 x 20 em (DC-Fertig-
platten Kieselgel 60 F 254 from E.Merk, Darmstadt,
FRG), were used. Phosphatidic acid (PA), phospha-
tidyl glycerol (PG), diphosphatidyl glycerol (DPG),
phosphatidyl choline (PC), phosphatidyl ethanolamine
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(PE), monomethyl- (PMME) and dimethylphosphatidyl
ethanolamine (PDME) were obtained from Supelco (USA).
Agar was purchased from Difco (USA). Solvents and
mineral salts were from Khimreaktiv (USSR).

Methods

Methanotrophic bacterial cultures were grown on
mineral salts medium containing (g/l distilled water):
KNOB, 1.03% MgSO4‘7H20, 0.2; CaCl,, 0.02; NaQHPO4-5H20,
1.5; KHyPO,, 0.7; (mg/l): EDTA, 5.0; FeS0,*TH,0, 2.0;
ZnSO4‘7H20, 0.1; MnCl,*4H,0, 0.03; CoC12'6H20, 0.2;
CuCl,"5H,0, 0.1; N1012-6H20, 0.023 Na2Moo4, 0.03;
pH 6.9 + 0.2. The medium was sterilized at 121°C
(1 atm) for 1 h. Phosphates were sterilized sepa-
rately, cooled and added to the other components. The
medium wes gsolidified with agar (2%).

The cultures were grown in test tubes with so-
1id medium or in 0.7 1 - flasks with 100 ml liguid
medium. Flasks were sealed with rubber stoppers. A
mixture of methane and air (1:1) was added through
two glass tubes in the stoppers with cotton filters.
For better aseration the flasks were shaken on a rotor
shaker (140 ppm). In case of a solid medium the bac-
teria were grown in vacuum dissicators filled with a
methane - air mixture (1:1).

Use was made of pure cultures of obligate metha-
notrophs of the culture collection of IBPhM, USSR
Academy of Sciences. Strains 0B3b and 5 were cour-
teously provided by Prof. Wittenbury (University of
Warwich, Coventry, UK); and strain Texas, by Prof.
Quayle (University of Sheffield, Sheffield, UK).

For thin-layer chromatography the cell suspen-
sion was washed with saline (0.15 M NaCl) to a final
concentration of 5 to 15‘pg/ml of dry weight. 10 pl
of the cell suspension was applied onto a silica gel
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layer to obtain an evenly coated region of 5 x 5 mm,
Then the plate was dried under nitrogen stream, and
the procedure was repeated. The cells were extracted
on the layer by a chloroform - methanol mixture (1:2).
To do so, the plates were developed in the solvent
mixture, the start line being 2-3 cm above the line
of application of the cell suspension. This was cou-
pled with the extraction of lipids from the cells and
their movement along the layer. After this procedure
was 5-6 times repeated the extracted lipids were con-
centrated in the form of a narrow strip at the front
line of the extractant. Between two subsequent ex-~
tractions the solvent was removed by drying under
nitrogen stream. Then the silica gel layer with the
extracted cells was removed by a scalpel.

The phospholipids were separated in corres-~
ponding solvents. For unidimensional chromatography
the solvent system containing chloroform, methanol,
acetone, acetic acid a water (10:3:8:2:1) was usged.
Two-dimensional chromatograms were obtained using the
solvent systems of chloroform-methanol - 26% NH4OH
solution (65:25:4 the first separation) and chloro-
form-acetone-methanol-acetic acid-water (8:2:8:2:1,
the second separation). To visualize the lipid spots,
the plates after separation were sprayed with 10%
CuSO4 solution in 8% orthophosphate acid and heated
for 10 min at 175-200°C. (7).

RESULTS AND DISCUSSION

Fig.1A and 1B present the Mnidimensional chro-
matograms of phospholipids of methanotrophic bacteria
of different genera and types. The chromatogram 1B
was developed once in the solvent system to a length
of 12 cm, whereas the chromatogram 1A was primarily
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PIGURE 1. One-dimentional chromatograms of phospho-
lipids of obligate methanotrophic bacteria
grown in liquid media (4) and on solid
media (B).

(1) Methylomonas methenica 12; (2) Mm.al-
bus BG8 ;(3) Methylobacter vinelandii 87;
(4) Ub.bovis 89; (5) Mb.chroococcum 90;

(6) Methylococcus capsulatus "Texas";

(7) Methylosinus trichosporium OB3b; (8) Ms.
sporium 5; (9) Methylocystis minimus 82;

(10) Mcs.parvus 0BBP; (11) NMcs.echinoides 2.
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developed to a length of 6 cm and then to 12 cm in the
gsame golvent system.

To obtain accurate results, each bacterial
cultures was three times analyzed at different cell
concentrations, since it was taken into consideration
that the treatment with & mixture of chloroform and
methanol may result in the release of some substances,
e.g. polyoxybutyrate which dissolve phospholipids and
thugs affect their motility. Such a process looks like
a reverse-phase TLC variant. Pig. 1A illustrates such
a distorted chromastogram (sample 10). As is seen in
the case with Methylocystis parvus OBBP this effect
regults in the flattening of the phosphatidyl choline
zone. After the second development of the chromato-
gram in an alkaline solvent system this component
moves upward and distorts the dimethyl phosphatidyl
ethanolamine zone form (Fig.1A, sample 10). However,
it does not influence the qualitative analysis.

Comparing the phospholipid composition of bac-
teria grown on solid and in liquid media, one can see
that in the latter case the chromatograms are far
more informative. Nevertheless, in both cases the
methanotrophs may be divided into two groups.

All tested strains of methanotrophic bacteria
using a serine pathway (II type) contain the methy-
lated phosphatidyl ethanolamine derivatives, mono-
methyl phosphatidyl ethanolamine or, as in the case
of Methylocystis minimus 82, dimethyl phosphatidyl
ethanolamine, and phosphatidyl choline. The said
phospholipids are not contained in the l1lipid pool of
methanotrophs with ribulose monophosphate cycle (I
type).

Methylococcus capsulatus is an exception to
this rule. As is seen on Figures 1B and 2C, the bac-
teria of this species have small amounts of phospha-
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FIGURE 2. Two-dimensional chromatograms of phospho-
lipids of obligate methanotrophic bacteria.
(Ag Mm.methanica 12; (B) Mb.vinelandii 87;

(C) Mc.capsulatus "Texas".

tidyl choline. Methylococcus capsulatus is a I type
methylotroph and uses a ribulose monophosphate part-
way of methane carbon assimilation. But as it was
shown (8) this organism displays some characteristics
of II type methanotrophs (e.g. possesses some acti-
vities of key enzymes of the serine cycle of methane
carbon assimilation). This must have somehow affected
its phospholipid composition as well: like the II
type methanotrophs, hlethylococcus capsulatus has
phosphatidyl choline.

Based on the differences in the phospholipid
spectra the methenotrophs within the said groups
(types) can be differentiated to genera. For example,
Methylomonas differs from Methylobacter by the ab-
sence of diphosphatidyl glycerol whose content in the
latter in substantial. Methylobacter can eagily be
differentiated from Methylococcus by the ratio of
diphosphatidyl glycerol and phosphatidyl glycerol. In
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the former this proportion is far less than 1, whe-
reas in Methylococcus capsulatus the content of pho-
sphatidyl glycerol is lower than of diphosphatidyl
glycerol and their ratio varies from 1.5 to 2.0
(Fig.14). The differences in diphosphatidyl glycerol
and phosphatidyl glycerol proportions are clearly seen
on the two-dimensional chromatograms (Fig.2).

In the I type methanotrophs grown on & solid
medium no difference in the phospholipid contens are
observed. On the chromatograms only two phospholipids
are geen: phosphatidyl glycerol and phosphatidyl
ethanolamine (Fig.1B).

The phospholipid composition permits also to
differentiate the representatives of the II type
methanotrophs. Methylosinus bacteria contain small
amounts of phosphatidyl choline, which is one of the
major components in Methylocystis.

When using the phospholipid composition for
differentiation of methanotrophic bacteria, purity of
cultures is & must, because even slight contamination,
e.g. with molds, results in the unproportionsl in-
crease of the phosphatidyl choline content.
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MODIFICATION OF SELECTIVITY IN REVERSED-PHASE LIQUID
CHROMATOGRAPHY OF POLYCYCLIC AROMATIC HYDROCARBONS
USING MIXED STATTIONARY PHASES

Stephen A. Wise*, Lane C. Sander, and Willie E. May
Organic Analytical Research Division
Center for Analytical Chemistry
National Bureau of Standards
Washington, DC 20234

ABSTRACT

Monomeric and polymeric Cig materials provide significantly
different selectivities for polycyclic aromatic hydrocarbons (PAH)
in reversed-phase liquid chromatography. -Selectivity factors vary
in a regular manner with respect to surface concentration of Cig
groups on different Cyg columns. In this study, we investigated
the feasibility of "customizing" a Ci;g column to provide an inter-
mediate selectivity by mixing 5-um polymeric Ci;g material from two
different lots with high and low C;g surface concentrations.
Polymeric C;g materials from different production lots were mixed
in ratios of 30/70, 50/50, and 70/30 (w/w). Selectivity factors
for these columns were found to be similar to those predicted by
the linear addition of the selectivities of the two individual
phases. The PAH selectivities on these mixed columns were also
found to be comparable to data obtained from coupled short columns
of appropriate lengths each containing one of these different Cig
materials. These studies indicate that columns of specific
selectivity can be prepared by either mixing two different Cig
materials or by coupling columns containing each of these different
phases. The use of mixed phase columns is illustrated for the
analysis of a fraction containing five condensed ring PAH isomers
(molecular weight 278) isolated from an air particulate sample.

7o whom correspondence should be addressed.
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INTRODUCTION

Monomeric and polymeric 018 materials provide significantly
different selectivities for polycyclic aromatic hydrocarbons (PAH)
in reversed-phase liquid chromatography (1,2). Polymeric C18
phases generally provide larger selectivity factors (a) than mono-
meric C18 phases for most planar PAH solutes. One polymeric 018
material investigated has a very low surface area (90 mzlg for
the underivatized silica) which provides a high C18 surface coverage
and a unique selectivity for PAH separations when compared to
monomeric C18 phases and to other polymeric Cl8 phases prepared on
higher surface area silica (300-400 mZ/g). Recently, we reported
that selectivity differences for PAH on different C18 columns from
various manufacturers were related to the monomeric or polymeric
nature of the chemically bonded layer and to the surface concentra-

tion of the C1 layer (2). 1In addition, several different lots of

a polymeric 01: phase from one manufacturer were studied with
respect to C18 surface coverage and selectivity factors for PAH.

In this study (2) the selectivity factors for selected PAH (relative
to benzol[alpyrene) on the different polymeric columns were found

to vary linearly as the surface concentration of the C18 groups
varied. As an extention of these studies, we investigated the

feasibility of "customizing'" a C 8 column to provide an intermediate

1

selectivity by physically mixing two polymeric C 8 materials from

1
different production lots (i.e., lots with high and low 018 surface
coverage). The selectivities of these "mixed" phase columns were

compared to that obtained by coupling two short columns (in appro-

priate lengths) each containing one of these same C18 materials.

EXPERIMENTAL

A liquid chromatograph with a fixed wavelength UV detector at
254 nm and an autosampler were used for all liquid chromatographic
measurements. HPLC grade acetonitrile and water were used as the
mobile phase. PAH standards were obtained from several sources as

previously reported (2). Columns and bulk packing material (n2g)
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from two different honding production lots (lots 11 and 15) of
polymeric 018 material (5-um) and one lot (lot 17) of monomeric
018 material (5-um) were obtained from the manufacturer, The lot
numbers were arbitrarily assigned hy the authors and correspond to
those in the previous study (2). The manufacturer indicated that
lot 11 had a low carbon loading, whereas lot 15 had a high carbon
loading. Both the polymeric and monomeric C18 materials used in
this study utilized the same low surface area silica support

(90 n’/g).

The columns (25 cm x 4.6 mm 1,d.) containing the mixtures of
lots 11 and 15 [70/30, 50/50, and 30/70 (w/w) lot 11l/lot 15} were
prepared by the manufacturer. Short columns (12.5 em x 4.6 mm
i.d.) containing packing from lots 11 and 15 were also prepared by
the manufacturer,

Specific surface area and percent carbon measurements on the
chemically modified C18 materials were determined and used to

calculate the surface concentrations of the C ligands on the

silica as described previously (2). 1
The mobile phase mixtures were pre-mixed and allowed to
equilibrate to room temperature prior to use, All retention data
were obtained under isocratic and isothermal conditions (27 °C).

Retention times were obtained from injections of acetonitrile

solutions of each compound., Capacity factors, k', were determined
(-t )
from k' = "—E~9— , where t is the retention time of the solute and
o
£, is the unretained time which was determined from an injection
of acetone in a mobile phase of acetonitrile, Selectivity factors
() for each compound were calculated from a = k'/k'BaP, where

k‘BaP is the capacity factor for benzo[alpyrene.

RESULTS AND DISCUSSION

In gas chromatography Laub et al, (3) and Kong et al. (4) have
reported the use of mixed liquid phases to optimize the separation
of selected PAH solutes, In liguid chromatography Glajch and
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Kirkland (5) recently reported mixing LC packing materials with
different chemically bonded functionalities (i.e., CB’ CN, and
phenyl) to optimize the separation of phenylthiohydantoin derivatives
of 20 amino acids., Ogan and Katz (6) evaluated the retention and
selectivity characteristics of several PAH on columns with different
proportions of 02 bonded material mixed with 018 materials and
found the contribution of the individual phases to be additive.

In a recent study (2) seven different production lots of a
surface concen-

polymeric 5-ym C material were found to have C

18 18
trations varying from 4,3 — 8.2 umoles/mz. The selectivity factors

for PAH solutes on these columns varied linearly as the C18 surface

concentration increased. Two lots of material from this previous

study were selected to evaluate the feasibility of mixing C,, mate-

18
rials with high and low surface concentrations to obtain columms
with intermediate selectivities, The physical characteristics of

these two lots of polymeric C., material are summarized in Table 1.

18
The materials from lots 11 and 15 were rejected by the manufac-

turer's normal criteria for selectivity in the separation of PAH,
i.e., insufficient resolution of benz[a]anthracene and chrysene on

the low coverage material and insufficient resolution of dibenz-

TABLE 1. Physical Characteristics of Different C18 Materials
Surfage Percent Surface e
a Area Carbon® Concentration k'BaP
Column Lot m2/g) (wt% + 1s) (pmol/m2)
11 (polymeric) 61.0 7.5+ 0.2 5.7 + 0.2 3.1
15 (polymeric) 52.4 9.3 + 0.1 8.2 + 0.1 4.9
17 (monomeric) 53.4 4,0 £ 0.1 3.1 + 0.1 0.9

310t numbers were arbitrarily assigned by authors as in ref. 2.
bDetermined by BET.

SFour samples, uncertainty is tlo.

dCalculated from equation 2 in ref. 2.

e'85/15 acetonitrile/water (v/v) as mobile phase.
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MONOMERIC POLYMERIC POLYMERIC
LOT 17 LOT 11
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SELECTIVITY FACTOR ()

| | | i 1
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FIGURE 1: Selectivity factors (a), relative to benzol[alpyrene, for
selected PAH on three columns containing a monomeric Cjg
material (lot 17) and two polymeric Cyg materials (lots
11 and 15). BaA = benzl[alanthracene, Chr = chrysene,

Bj¥ = benzo[j]fluoranthene, BkF = benzo[k]fluoranthene,
DBajA = dibenz(a,jlanthracene, BghiP = benzo[ght]-
perylene, DBahA = dibenzla,h]anthracene, TBN =
1,2:3,4:5,6:7,8-tetrabenzonaphthalene, PhPh = phenanthro-
[3,4-c]lphenanthrene, and m—qp = m-quinquephenyl.

[a,h]anthracene and benzo[ghi]perylene on the high coverage

material, Data are also included in Table 1 for a monomeric Cl8
phase prepared on the same low surface area silica (90 mz/g) as

the two polymeric C,, materials,

18

Selectivity factors for several PAH solutes on these three
C18 columns are plotted in Figure 1 as a function of k'BaP' As
noted previously (2) and as shown in Table 1, k'BaP values are

related to the 018 surface concentrations. This linear relationship
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of k'BaP and surface coverage is valid, however, only when 018
phases prepared on silica of the same surface area are compared.

In the previous study (2) data for columns from five different

lots of the polymeric material and from a monomeric column were
plotted in a similar manner as in Figure 1, However, the monomeric
column in the previous study was prepared on a high surface area
silica (~300 mz/g) with 13% carbon resulting in a k'BaP value of
5,5, The monomeric column in the present study was prepared on a
low surface area silica (90 m2/g) with a 47 carbon loading resulting
in a k'BaP value of 0.9. As shown in Figure 1, when the selectivity
factors are plotted as a function of k'BaP’ the linear trends
observed for the polymeric columns can generally be extrapolated
back to the monomeric column. This behavior suggests that for some
types of PAH solutes (particularly nonplanar solutes such as TBN

and PhPh in Figure 1) selectivity is dependent only on the extent

of C18 surface coverage (when phases prepared on silicas with
similar surface areas are compared) rather than the monomeric or
polymeric nature of the C18 phase.

Mixed phase columns were prepared by combining material from
lots 11 and 15 in proportions of 70/30, 50/50, and 30/70 (w/w) lot
11/1lot 15. The selectivity factors (a) for several PAH are plotted
in Figure 2 as a function of k'BaP values obtained for columns from
lots 11 and 15. The values on the abscissa for the mixed phase
columns (70/30, 50/5Q, and 3Q/7Q lots 11/15) were determined from
the o values of the PAH. The data in Figure 2 indicate that
columns of intermediate selectivities can be prepared by mixing the
two phases of different selectivity. The selectivities of these
mixed phase columns were found, however, to be slightly different
from those predicted by the actual mixture proportiomns, i.e.,
predicted k'BaP values of 3,62, 3.97, and 4,32 compared to actual
values of 3.84, 4.10, and 4.38 for the 70/30, 50/50, 30/70 1lot
11/15 mixtures, respectively. The actual and predicted values are
in better agreement as the proportion of lot 15 (high coverage)

increases.
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[«-70/30 LOTS 11/15
[*—50/50 LOTS 11/15
[«—30/70 LOTS 14/15

e~ LOT 11
e—LoT 15

20

DBahA
15[~ BghiP

1.0 |— TBN
N\
~ DBajA

SELECTIVITY FACTOR (a)

B NN
Chr

3.0 4.0 5.0
k 4
BaP

FIGURE 2: Selectivity factors (o), relative to benzolalpyrene,
for selected PAH on polymeric Cig columns from mixtures
of two different lots. BeP = benzo[e]lpyrene, BbF =
benzo{b]fluoranthene, DBacA = dibenz[a,c]anthracene. See
Figure 1 for additional compound identification.
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Differences in column selectivity for seven PAH solutes are
illustrated in Figure 3. Six columns were compared: the monomeric
phase, the high and low coverage polymeric phases, and three
columns consisting of mixtures of the two polymeric phases,
Phenanthro[3,4—c]phenanthrene (no. 2) and 1,2:3,4:5,6:7,8-tetra—
benzonaphthalene (no. 4) are nonplanar solutes for which the
selectivity factors vary significantly as the C18 surface concen-
tration varies (see Figure 2). These differences in selectivity
are discussed in detail elsewhere (2)., On the monomeric column the
phenanthro[3,4—c]phenanthrene and the 1,2:3,4:5,6:7,8-tetrabenzo-
naphthalene have longer retention times relative to the planar PAH
than on the polymeric columns. Since the selectivity factors for

these two solutes are very sensitive to changes in the C surface

coverage, they have been used as an empirical test to eviiuate the
monomeric or polymeric characteristics of C18 columns by comparing
their selectivity factors relative to a planar PAH solute (7).

For the selected solutes, the columns from lots 11 and 15 did not
separate all seven solutes, However, a:mixed phase column of 70%
lot 11 and 30% lot 15 provided the appropriate selectivity to
achieve separation of all of these solutes. These studies indicate
that columns of specific selectivity can be prepared by mixing C18
phases of different selectivities.,

The selectivity factors obtained for the 50/50 lot 11/lot 15
mixed column were compared with data obtained by coupling two short
columns (12.5 cm each), one containing material from lot 11 and one
containing material from lot 15. The results shown in Table 2
indicate that short columns of appropriate lengths packed with
materials from different lots can be coupled to achieve selectivities
similar to those obtained by physically mixing the different packing
materials. Thus, the chromatographer could have a collection of

short C columns of different selectivities which could be coupled

18
together in various combinations to achieve the necessary selec-
tivity for a particular separation.

To illustrate the potential use of mixed phase columns of

different selectivities, a fraction containing five condensed ring



3
3 O
100
3 L)
A B c 2 C0
45 e
6,2 1 0
6 3 ]
Ay
1
V¢
4 ‘O%
1 2
4
s oY
q
7+ 6 _OQO
18] 7 7
8 8 ng%
T T T 1 r T —
0 10 200 10 20 0 10 20
MINUTES MINUTES MINUTES
LOT 17 LOT 11 70/30 LOTS 11/15
8 3
1,2
3
D E F
6
1,4
2 4
4 2 s
7 7
& 7
[ J e
WU W
r T 1 r T Ll T 1 L
0 i0 20 © 10 20 0 10 20
MINUTES MINUTES MINUTES
50/50 LOTS 11/15 30/70 LOTS 11/15 LOT 15

FIGURE 3: Reversed-phase LC separation of selected PAH on a
monomeric C;g column from lot 17 (A) and on polymeric
C1g columns from lot 11 (B) and lot 15 (F) and mixtures
of these two lots [70/30 (C), 50/50 (D), and 30/70 lot
11/15 (E)]. Compound identification: (1) chrysene,
(2) phenanthro(3,4-c]lphenanthrene, (3) benzo[b]fluor-
anthene, (4) 1,2:3,4:5,6:7,8~tetrabenzonaphthalene,
(5) benzolalpyrene, (6) dibenzla,hlanthracene, and
(7) benzolghilperylene.
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FIGURE 4: Reversed-phase LC separation of five condensed ring PAH
fraction (isolated from an air particulate extract) on
C1g columns of different selectivities (A) lot 11,
(B) 70/30 lot 11/15, (C) 50/50 lot 11/15, (D) 30/70 lot
11/15, and (E) lot 15. Peak identification: DBacA =
dibenzl[a,clanthracene, DBajA = dibenz[a,j]lanthracene,
DBahA = dibenz[a,h]anthracene, BbC = benzo[b]chrysene,
and no. 6 = coronene. Peaks 1-5 are unknown.
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TABLE 2, Selectivity Factors (a) for Selected PAH on
Mixed vs. Coupled Columns

50/50 Lot 11/15

Mixed Coupled

m-Tetraphenyl 0.288 0.291
Phenanthro[3,4-c]phenanthrene 0.436 0.438
9,10-Diphenylanthracene 0.454 0.459
m-Quinquephenyl 0.557 0.564
Tetrabenzonaphthalene 0.676 0.676
Dibenz[a,e]lanthracene 0.728 0.730
Dibenz{a,jlanthracene 0.939 0.941
Dibenz[a, hlanthracene 1.42 1.43

PAH (molecular weight of 278) and coronene, which was isolated
from an air particulate sample as described previously (8), was
separated on columns from lots 11 and 15 and on the three mixed
phase columns. This fraction contains coronene and five PAH
isomers of molecular weight 278 which were identified by gas
chromatography-mass spectrometry (GC-MS) and LC with fluorescence
detection as dibenz[a,clanthracene, dibenz[a,jlanthracene, dibenz-—
[a,h]lanthracene, benzo[blchrysene, and picene. 1In addition, at
least one unidentified PAH isomer of molecular weight 278 was
confirmed by GC-MS.

The LC analyses of this fraction on the five different columns
are shown in Figure 4., All of these chromatograms were obtained
under the same chromatographic conditions. The five identified PAH
isomers of molecular weight 278 were separated on each of the five
columns. However, the unknown peaks (nos. 1-3) and coronene
coelute with each other and/or with the identified peaks on some
of the columns. These chromatograms illustrate the advantage of
having several columns of differing selectivities for the analysis

of complex environmental PAH mixtures.
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CONCLUSIONS

The complexity of PAH mixtures often necessitates the modifi-
cation of column selectivity to obtain the separation of particular
constitutents. Two methods for achieving a particular selectivity
for PAH in reversed-phase LC have been described in this paper,
i.e., physically mixed C18 sorbents of different selectivities and

coupled columns each containing a different C sorbent. Both of

these methods provide a selectivity which is igtermediate to that
of the individual C18 materials and which is related to the propor-
tions of each material. These two approaches allow the
chromatographer to "customize'" a column with an optimized selec~-
tivity for the separation of the components of interest. 1In
practice the coupled column approach provides the most flexibility
for preparing columns of a specific selectivity. With the avail-

ability of several short columns containing C,_, materials with

18
greatly differing selectivities, a particular intermediate selec-

tivity can be achieved readily by coupling the appropriate columns.
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AGING OF PRESSURE SENSITIVE ADHESIVES.II:
USE OF MULTIDETECTOR SEC
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ABSTRACT

The use of multiple detector size exclusion chromatography is
described for the study of aging of pressure sensitive adhesive
filme based on styrene-isoprene-styrene block copolymers. In this
preliminary investigation of thin films, room temperature oxidation
resulted in the formation of an easily detected carbonyl chromophore.
While the chromophore concentration was monitored with a UV detec-
tor on the chromatograph, the molecular weight distribution was
measured with a differential refractometer. Several important
general implications of this combination of detectors in SEC are
described.

INTRODUCTION

The first paper in this series (1) described initial efforts
to elucidate the nature of aging changes in the commercially

important styrene-isoprene-styrene (SIS) block copolymers, especi-
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ally as they are incorporated in pressure sensitive adheslves

(PSA). The use of multi-~detector size exclusion chromatography
(SEC) has proven extremely valuable in this study, and several
aspects of its application will be described herein.

The use of SEC for the analysis of polymers has been widely
reviewed (2-5). Since SEC is primarily used to determine the
molecular weight distribution (MWD) of polymers, it has found
extensive use in study of polymer degradation, many such applica-
tions of which have been discussed by Abbls (6). Relative changes
in MWD are very readily observed, and with extreme care useful
information can also be obtained on the kinetics of oxidation
chain scission.

The usefulness of SEC for the analysis of random and block
copolymers has been increased on occasion by using two or more
detectors (7,8,9,10). In these studies, typically one detector
(usually ultraviolet or infrared) is used to monitor the concen-
tration of the comonomers, while a second detector (refractive
index or light scattering) monitors molecular weight. Harmon and
Folt (7) used such a technique to measure the comonomer ratio in
SBR. In a similar study, Stojanez et al. (8) investigated both
random and block styrene/butadiene copolymers. In the latter, the
copolymer composition was determined by SEC, infrared spectroscopy
and nuclear magnetic resonance spectroscopy, and although results
for the block copolymers were in very good agreement, the randonm
SBR results varied somewhat. This was attributed to a change in
the UV extinction coefficient of styrene, depending upon the
sequence length in the random copolymers.

Dual detector (UV/RI) SEC has also been used to determine the
distribution of olefinic linkages in elastomers (11). 1In some
elastomers, small amounts of unsaturated monomers are incorporated
for crosslinking, and to estimate the concentration of these
external double bonds, Anderson reacted double bonds in the elas-
tomer with 2,4-dinitro-benzene sulfonyl chloride, thus forming a
chromaphore with a high extinction coefficient at 254 nm. While

the SEC separated the "stained" elastomer by molecular size, the
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RI detector measured the total concentration of polymer and the UV
detector provided the concentration of external double bonds.
Thus, the distribution of external double bonds as a function of
MW was determined.

In the oxidative chain scission of polyisoprene, a similar
effect is obtained. According to Shelton et. al. (12), the end
group residues after the chain scission of polyisoprene are
typically aldehydes and ketones. However, approximately 50% of
these residues are o,f-unsaturated carbonyls, which are known to
have an extremely high extinction coefficient at about 237 nm
(13). It is expected that the polyisoprene mid-block in SIS will
behave in an anaglogous manner. It is the use of a combination of
UV and RI detectors in SEC for studying aging in SIS formulated
PSA's which is investigated in this study.

It should be pointed out that multiple detector SEC has
received some criticism by Bressau (14), who contends that the
connecting tubing and fittings between detectors not only changes
the elution volume but also alters the shape of the chromatogram.
In his experiments, 20-50 cm capillary tubing and high dead volume
fittings were used. By shortening tubing lengths and using only
low dead volume fittings, these problems can be minimized.

EXPERIMENTAL

The SEC used in these experiments consisted of a Waters 6000A
solvent delivery system with a model U-6 sample Injector, 4
1-Styragel colums (105, 104, 103, and 5008), a Varian model UV-50
variable wavelength UV detector, and a Waters Model R401 RI
detector. These detectors were connected In series, with the RI
following the UV detector. Valco low dead volume fittings were
used in all connections. The tubing length between the UV and RI
detectors was V25 cm and the capillary ID was .05 cm. The UV flow
through cell was cylindrical (lmm x 6mm) to minimize mixing. The
solvent was freshly distilled unstablized THF, and the flow rate

was 1.5 cm3/min. The instrument was calibrated with narrow MWD
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polystyrene standards (Pressure Chemical), but since the Mark-~
Houwink constants were not known for the SIS block-copolymers used
in these experiments, data are reported as a function of elution
volunme.

Rubber solutions (20% SIS by weight) were mixed for 24 hours
in the dark on a gentle wrist action shaker, using nitrogen-degassed
toluene (reagent grade) as the solvent. SIS was from a commercial
lot of Kraton 1107 (Shell Chemical Company). The resulting solu-~
tions were stored in the dark under argon until used.

Solutions were coated with a Gardner Ultra Film Applicator on
25-um polyethyleneterephthalate films taped to glass plates. The
coatings were first dried in the dark at 20-25°C for one hour
under a continuous, slow nitrogen purge. They were then heated to
40°C in a 3300~Pa vacuum for 4 hours. During the heating cycle, a
small nitrogen leak was provided to the drying system to sweep
away any residual toluene or oxygen. It is likely that most of
the butylated hydroxytoluene (BHT) incorporated in the rubber
manufacturing process will be removed in this vacuum drying step.

UV spectra of polymers in unstabilized THF were recorded with
a Beckman Model 25 spectrophotometer.

RESULTS

In order to determine the optimum wavelength for the UV
detector, UV spectra of both polystyrene and polyisoprene in THF
were recorded. While the polyisoprene can only be detected below
232 nm, the polystyrene can be detected below 232 mm, and also
between 250 and 270 nm. Since it was found that the RI detector
responded well to solutions of either polystyrene or polyisoprene,
the UV detector was operated at 259 nm, the absorption maximum for
polystyrene in that region of its spectrum. It should be noted
that UV spectra of the polymer solutions cannot be recorded below
N224 nm due to a maximum at V220 for THF. Further considerationms
of detector wavelength will be discussed later.

It was found that when solutions taken from thin SIS films
were analyzed on this SEC, the UV and RI results were quite
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FIGURE 1l: SEC chromatograms of unaged 4 ym SIS Films. The UV
detector wavelength was fixed at 259 nm and the retention volume
was recorded in mil,

different. As seen in Figure 1, the RI detector indicates that
very little degradation has occurred to this 0.16 mil unaged SIS
film. This molecular welght distribution, is typical of unaged
SIS block copolymers. The large peak at 17.8 min (2.5 x 105 amu)
represents the SIS tri-block molecules, while the shoulder at 18.8

min (*1.3 x 105 amu) results from SI diblock fragments which did

not couple in synthesis. The small peak at 22.5 min ('\a104 amu) is
polystyrene (PS) homopolymer which terminated prior to anifonic
polymerization with isoprene. For a general discussion of the
synthesls of these block copolymers see Dreyfuss, et al, (15).

On the other hand the UV detector response in Figure 1

appears to indicate that substantial degradation of tri-block SIS
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TABLE 1

SEC Fraction Location

Fraction Retention Volume (ml)
1 16.0 - 17.8
2 17.8 - 18.5
3 18.5 - 19.2
4 19.2 - 20.8
5 20.8 - 21.5
6 21.5 - 24.0

molecules to di-~block SI fragments has occurred, if ome views the
response in the usual way as an indication of MWD. Since the RI
response 1s unmistakably MWD, it would appear that very little
degradation to the SIS film has actually occurred, and that the
small amount of degraded material must contain a chromophore whose
molar extinction coefficient (g€) is substantially greater than
that of polystyrene at 259 nm, thus yielding a large UV response
in this region.

In order to determine the chemical mojiety responsible for the
very large absorbance at 259 nm, a 3.8um thick film of SIS was
dissolved in THF and fractionated in the SEC. Six fractions were
collected, two from the SIS region, one from between the SIS and
the SI peaks and three from the SI to the PS region (Table 1).

UV spectra (220-290nm) were recorded for each of these fractions
and the results are summarized in Figure 2., It was observed that
fractions 1 and 2 are composed largely of polystyrene and polyiso-
prene, as expected. Fraction 3 shows some traces of polystyrene
as well as a broad shoulder centered at 240 nm on the large
polystyrene/polyisoprene absorption. In fractions 4, 5, and 6,
very little polystyrene is observed at 260 nm while the shoulder
observed in fraction 3 is now resolved into a peak which has its
maximum at approximately 237 nm.

The Woodward-Fieser rules for carbonyl compounds (13),

predict that a substituted a,B-unsaturated carbonyl will strongly
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FIGURE 2: Ultraviolet spectra of SEC fractions in THF. The
retention volume range of each fraction is shown in Table 1.
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absorb between 220 and 250 nm. It has been shown by Shelton et
al, (12) that such compounds are formed in the oxidative chain
scission of polyisopreme. While low MW compounds like 2-butenone
are a volatile product of this oxidative chain scission, other a,B
-unsaturated carbonyls may exist as end groups on the isoprene
chain after scission.

In addition to this maximum of 237 nm, a strongly absorbing
shoulder at 250 nm is also observed in fraction 3-6, This is
probably a similar residue with a slightly different structure.
This shoulder extends well beyond 259 nm and thus is responsible
for the interference observed in the UV chromatogram (Figure 1),
since its extinction coefficient may be as much as an order of
magnitude greater than that of PS at this wavelength. Thus, while
the RI detector shows very little material in the SI to poly-
styrene region of the chromatogram, a small amount of material
with a high extinction coefficient produces a large UV detector
response at 259 nm.

As a result of this finding, SEC chromatograms of 2,5-um SIS
films were recorded with the variable wavelength UV detector at
237 nm. A comparison of UV chromatograms at 237 nm, 226 nm and
259 nm is shown in Figure 3. At 226 nm both polystyrene and
polyisoprene absorb strongly, while the a,B-unsaturated carbonyl
residue absorbs only moderately. The SI and SIS peaks thus
resemble those found in the RI response, and are strongly related
to MWD in the polymer; there is however some interference from the
strongly-absorbing carbonyl group, as seen by comparison with the
RI chromatogram in Figure 1. The SEC chromatogram run at 237 nm
is very sensitive to both polystyrene and PI. The chromatogram
recorded at 259 nm is less sensitive to the carbonyl group, and
moderately sensitive to the polystyrene, however, the carbonyl
group still dominates. '

These results point out a potential problem from using a
fixed wavelength UV detector alone to study MWD in polymers
susceptible to oxidation. If only the UV detector at 254 nm had

been used in this study, as an example, the results would have
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FIGURE 3: SEC chromatograms of 2.5 pm SIS films using a variable
wavelength UV detector at 259, 237 and 256 nm.

been very misleading. Data collected at 254 nm would lead one to
believe that extensive degradation of SIS tri-block to SI diblock
had occurred, while in fact very little occurred, and the small
amount of degradation which did occur was accompanied by formation
of a product with a very large extinction coefficient. Infor-
mation obtained simultaneously from UV (226 nm) and RI detectors
prevent this misinterpretation. Thus, whenever possible, it is
desirable to use both detectors simultaneously when studying
unsaturated polymers under conditions of degradation.

From this information it seems that this is a very sensitive
method of detecting carbonyl groups that result from the oxidative

chain scission of polyisoprene. However, in order for this tech-
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FIGURE 4: SEC difference chromatograms using an UV detector fixed
at 237 nm. Normalization of the chromatograms was achieved
through dividing the detector response by the response at the SIS
peak (16.8 ml). The unaged sample was taken from a bulk SIS lot.
The aged film was coated from the same lot and had a dry thickness
of 8.6 ym. It was aged in air for seven hours at 80°C.

nique to be at least semi-quantitative, a method of normalization
must be designed. Using the information obtained from both RI and
UV detectors, we have found that the concentration of SIS molecules
in a given sample is essentially constant, for short aging times
at temperatures no greater than about 80°C. Also, since this
anionically polymerized polymer has a very narrow MWD, one can
achieve normalization by dividing each point on the chromatogram
by the SIS peak height.
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FIGURE 5: SEC difference chromatograms using a RI detector.
Normalization of the chromatograms was achieved through dividing
the detector response by the response at the SIS peak (16.8 ml),
The unaged sample was taken from a bulk SIS lot. The aged film
was coated from the same lot and had a dry thickness of 8.6 um,
It was aged in air for seven hr. @ 80°C.

-~

Once the data have been normalized, changes in the carbonyl
content can be followed with aging time. In order to facilitate
such an experiment, a difference chromatogram is determined by
subtracting the chromatogram of an uncoated and unaged sample from
one of a coated and/or aged sample, so long as each chromatogram
was previously normalized to the SIS peak height. The area under
the resulting, difference chromatogram represent the carbonyl
content in the sample being investigated. If the film volumes are
standardized to lem x lem x the film thickness, the relative
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concentration of carbonyl groups in a film can be calculated from
the area under the difference chromatogram. Using such a standard
sampling volume, the relative concentration of carbonyl groups in
films of varying thickness can be compared.

Figure 4 illustrates the subtraction procedure used. In this
case, the chromatogram of SIS bulk polymer is subtracted away from
one of an aged (7 hr, 80°C, Air) 8.6 um SIS film. The area under
the difference chromatogram 1is then calculated and used as a
measure of the carbonyl content in the specimen. To illustrate
the soundness of this technique, figure 5 shows the subtraction of
the RI chromatogram of SIS bulk from one of SIS film aged seven
hours at 80°C in air. The difference chromatogram shows that the
two films are essentially equivalent, with no appreciable mass

change of SIS to SI having occurred.

DISCUSSION

Although SEC is well suited for studies of polymer degrada-
tion, detector choice is crucial. In the case of thin SIS block
copolymers films a fixed UV detector at 254 nm can give misleading
results due to interference from carbonyl bands. By using both a
variable wavelength UV detector and an RI detector, the extent of
oxidation is easily followed. Further, if the UV detector is set
to a wavelength at which the degradation product absorbs, substan-
tial information on the degradation process can be obtained. Such
a method has been developed for studying the oxidation of thin SIS
block copolymers films used in PSA's, The method measures the
formation and/or deterioration of carbonyl groups which absorb at
237 nm. Such groups are typically found as chain end residues
after oxidative scission (12).

Further improvement of such experiments could be made by
using a UV spectrometer which is capable of quickly scanning (1-2
sec.) the flowing eluent from the SEC (16). This would yield a
separate UV spectrum for each segment of the chromatogram. Thus

typical components could easily be identified.
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In the SIS films examined in this study, the presence of
small amounts of oxidative chain scission products had a dramatic
effect on the ultraviolet detection of these materials. It is
believed that surface oxidation of these films was responsible for
this effect. It has been shown by Chang et al. (17) that polybuta-
diene (PB) films exposed for short periods to room temperature air
showed a dramatic increase in adhesive bond strength to other iden-
tical films. It was believed that surface oxidation was respon-
sible for this effect. Polyisoprene also undergoes such surface
oxidation., However, since chain scission predominates over cross-
linking, no covalent bonds are formed across the adhesive inter-
face, as in the case of PB, and no increase in adhesive strength
is realized.

The films studied in these experiments were very thin (2.5
um) and the surface to bulk ratio was sufficiently high to allow
the detection of these materials. Other methods such as multiple
internal reflectance infrared spectroscopy (MIR/IR) proved too
insensitive to detect the surface oxidation in these films.
However, in SIS films aged for several hours at 95°C MIR/IR was
found to be very useful. (1) The results of those experiments
were found to be in agreement with the FTIR studies of Shelton
(12).

Future studies will further characterize surface oxidation in
SIS films. These data will then be used to develop a model of the
influence of surface oxidation on the aging of SIS based PSA's.
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REVERSED-PHASE LIQUID CHROMATOGRAPHY
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ABSTRACT

A method for the simultaneous determination of uric acid in
human serum by reversed-phase high-performance liquid chromato-
graphy with electrochemical detection has been developed. Human
serum (0.5 ml) was mixed with 0.5 m! of 0.2 N perchloric acid solution
and the mixture was centrifuged at 3,000 g for 20 min. An aliquot
(10 pl) of the supernatant (deproteinized human serum) was injected
into the chromatographic system employed in this study. The assay
limit for quantitation was about 10 pg for uric acid. Complete
separation of uric acid was achieved in about 8 min under the present
chromatographic conditions.

INTRODUCTION

As described elsewhere (1), high-performance liquid chromato-
graphy (HPLC) may be an obvious candidate as a reference method
for the determination of serum uric acid. Different separation
principles and detectors have been used for determining uric acid

(UA) in serum by aid of HPLC. lon-exchange columns have been
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used, coupled with ultraviolet detection (2} or electrochemical
detection (3). Reversed-phase high-performance liquid chromato-
graphy (RPHPLC) has been also used with ultraviolet detection (4).
Recently, we have developed a method for the determination of UA
and catecholamines in rat serum and brain by RPHPLC with electro-
chemical detection (5).

The object of this paper is to report a simple, rapid, selective
and highly sensitive method for the determination of UA in human

serum by RPHPLC with electrochemical detection (ECD).

MATERIALS AND METHODS

UA was purchased from Wako Pure Qhemicals, Tokyo, Japan.
All other chemicals used in this study were the same ones as used in
our previous report (6). All buffers and aqueous solutions were
prepared with glass-distilled deionized water.

Serum samples prepared from healthy adult men were stored
at -80°C until use. Standards were prepared by appropriately
diluting a stock UA solution (1mg/ml) with water. The stock
solution was prepared as follows. An aliquot (0.05 ml) of 0.05 N NaOH
was dropped into 10 mg of UA for dissolving it completely because of
its low solubility in pure water. A 0.1 N HCI (9.95 ml) was added
into the alkaline UA solution.

Samples were analyzed using a reversed-phase partition mode of

HPLC. A JASCO-HPLC, TRIROTAR IIl, was used throughout this
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work. The instrument was fitted with an electrochemical detector
(Model ECP-1, Kotaki Inc., Funabashi, Chiba, Japan). A Finepak
SIL C18 column (2 4.6 x 250 mm, JASCO, Tokyo, Japan) was used
for the separation of UA. The column temperature was always kept
at 35°C. The mobile phase was 0.2 M phosphate buffer (KHZPOu—
H3P0u, pH 2). The flow rate was 0.5 ml/min. Ten microliters of each
sample was injected into the RPHPLC-ECD system. The electrochemi-
cal detector was set at +800 mV vs. the silver/silver chloride
reference electrode, as Pachela et al. (2) reported that the onset
potential of UA was about +330 mV vs. the silver/silver chloride
reference electrode under their electrochemical conditions and also
that an electrochemical detector was set at +800 mV. Fig. 1 shows
the standard curve for high-performance liquid chromatographic
determination of UA under the present chromatographic conditions.
As shown here, the minimum detectable quantity is about 10 pg for
UA. UA was quantitated by comparing the peak height in the

respective chromatogram with value from a standard curve.

RESULTS AND DISCUSSION

Recently, we have found (5) that alumina can adsorb UA as well
as catecholamines and also that the adsorption of UA onto alumina is
not always quantitative. These findings suggest that the so-called
alumina treatment procedure recently optimized (6) is not useful
for extraction and preliminary purification of UA in biological

materials. Therefore, we aimed to develop a pretreatment in
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Figure 1. Calibration curve for uric acid under the present
chromatographic conditions.

extracting procedure for UA of biological materials. In addition, we
have found (5) that concentrations of UA in rat serum and brain are
greater than those of any other electrochemically active components
in both biological materials. From the above observation, we assumed
that simply deproteinize. serum might be able to be injected into
the RPHPLC-ECD system for the determination of UA in serum
without any interferences.

Deproteinization of human serum was achieved as follows:
mix vigorously 0.5 ml of human serum with an equal volume of 0.2 M
perchloric acid solution, and then centrifuge at 3,000 g for 20 min.
An aliquot (10 }Jl) of the simply deproteinized serum was injected
into the RPHPLC-ECD system.

Figure 2 shows such a reversed-phase high-performance liquid

chromatogram. Peak X in the chromatogram has been found to be
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Figure 2. The typical reversed-phase high-performance liquid
chromatogram, obtained by injecting 10 ul of the
deproteinized human serum into the RPHPLC-ECD system.
Ten microliters of the serum was iniected into a column
(Finepak SIL C18, JASCO) by using a mlcrosyrmge
The eluent was 0.2 M phosphate buffer (KH PO -H
pH 2.0). The column temperature was mamtamed at3
35°C. The flow rate was 0.5 ml/min. Eluate from RPHPLC
was electrochemically monitored by aid of an electrochemi-
cal detector under the potentiostatic condition (+800 mV
vs. Aa/AgCl. The sensitivity of the detector was set at
64 nA full scale. For further explantions, see the text.

UA after the further co-elution of a mixture of UA and the

deproteinized serum. As shown in Fig. 2, the method for the deter-
mination of UA in serum, which has been developed in this study, is
not subject to interferences in other methods. The phosphotungstic

acid method is subject to interference resulting from endogenous
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nonurate chromogens, nutrients, and drugs (7). Urikase methods
based on spectrophotometry are also not without problems, in that
the specificity of the absorbance measurement is less than that of the
enzyme, and several interferences have been noted (8). Content of
UA in 0.5 ml of healthy human serum, as shown in Fig. 2, was found

to be 21.6 ug (43.2 pug/ml). Since the sample preparation did not
involve any transfer, the value for UA amount might be nearly

absolute, indicative of an endogenous quantity.

As described above, we have developed a practical method for
the determination of UA in human serum by RPHPLC with ECD. In
addition, most recently, we have developed a method for the
determination of xanthine and hypoxanthine by RPHPLC with ECD
(Iwamoto, Yoshiura, and Iriyama, to be published in Jikeikai Med. J.
with any other related experimental results). Xanthine, hypoxanthine,
and UA are themselves produced either as a result of the breakdown
of cellular material in toto, the turnover of nucleic acids in the cells,
or as a result of the intermediary metabolism of various purine
nucleotide derivatives. Modern biochemical investigators have found
purine metabolism in general to be of great theoretical interest, and
in addition to the problem there is hope the study of this metabolic
system will provide answers to a number of ancilary enigmas of
biochemistry. The biochemical and clinical importance of UA in gout
and several other desease states was discussed by Balis (9) and
Glynn et al. (10). As described by Glynn et al. (10), previous
epidemiologic studies of UA have been limited by a cross-sec*ional
design which precludes a determination of factors predictive changes

in UA levels. Furthermore, some studies have not controlled for the



URIC ACID IN HUMAN SERUM 2745

health status and drug intake of their populations. We believe that
the well-known separation power of RPHPLC, combined with current
state of the art in electrochemical monitoring will circumvent some of
the problems presently encountered in the analysis of UA of biological
and clinical importance. Because of its simplicity and applicability to
small sample volumes, this method is useful in basic biomedical
research. For example, we have determined concentrations of UA

in rat tissues (e.g. brain, heart, stomach, and ren) according to

the procedures developed in this study (Yoshiura, Iwamoto, and
Iriyama, to be published elsewhere). This method can be applied

for studying the change of UA levels in mammalian tissues.
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ABSTRACT

Following cesarean section 102 women were treated with
cefamandole by either perioperative intravenous administration or
intraperitoneal irrigation. High-~pressure liquid chromatographic
(HPLC) methods for the quantitation of the low serum levels of
cefamandole following intraperitoneal lavage were developed. The
antibiotic was assayed in the serum using a standard microbiologi-
cal assay and two types of reverse phase column technology for
HPLC. The two HPLC systems were almost identical in performance.
Both HPLC methods were at least 10-fold more sensitive than the
microbiological assay. The correlation between the three methods
was 0.9739. The half-life of cefamandole was 37 min, which was
not significantly different from the half-life of the drug in
serum of non-pregnant women. The peak serum levels were
47.6 + 36.8 yug/ml and 1.98 + 1.5 ug/ml for the intravenous and
intraperitoneal methods of administration, respectively.
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INTRODUCTION

Intrauterine intraperitoneal (IU/IP) irrigation and
intravenous (IV) administration of antibiotics have been used
effectively as prophylaxis in high-risk cesarean section patients
(1,2). Rudd and associates used IU/IP lavage with cefamandole
nafate to reduce post-cesarean section endometritis (2). Thirty
patients received antibiotic wvia IU/IP irrigation and none devel-
oped endometritis. The reported serum levels of cefamandole using
IU/IP lavage were frequently less than 0.5 ug/ml. Although the
microbiological assay may be capable of measuring these low
levels, the coefficient of variation of the assay has been very
large (3). The purpose of this investigation was to develop a
phase extraction procedure for cefamandole and to develop sensi-
tive high-pressure liquid chromatographic (HPLC) assays for the
determination of the wide range of levels of cefamandole antic-
ipated in serum subsequent to IU/IP lavage and IV administration
of the drug. Two types of column technology were compared, the

conventional C -Bondapak steel column, and the new Radial

18

Compression System (RCM-Z) containing a C -Bondapak compressi-

M
ble column. Serum levels were then deigrmined following both
IU/IP dirrigation and the 1V administration of the drug. In
addition, the half-life of cefamandole was calculated from these
data to determine if physiologic changes associated with pregnancy

affected the clearance of the drug from these women (4).

MATERIALS AND METHODS

Patients
One hundred and two women at high-risk for infection follow-

ing cesarean section were entered into this study. Informed
consent was obtained. The patients received either 2 g of cefa-
mandole IV over a 20 min infusion or 2 g of cefamandole in 800 ml
of saline as an IU/IP lavage of the uterus and pelvis commencing
at repair of the uterine incision. Using a bulb syringe, the

irrigant was applied and simultaneously suctioned as follows: 200
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ml to the uterine incision before closure, 200 ml to the bladder
flap and closed uterine incision, 200 ml to the colic gutters with
the patient in reverse Trendelenburg position, and 200 ml to the
subfascial and subcutaneous space. Blood samples were obtained at
30, 60, and 120 min following both the IU/IP irrigation and IV
administration of the drug. The serum was separated and frozen at

-20°C until assayed.

Microbiological Methods

The serum concentration of cefamandole was measured by the
agar diffusion technique (5). The test organism was Bacillus
subtilis ATCC 6633. All specimens were assayed in duplicate.

HPLC Assay

The serum concentration of cefamandole was measured by
modification of an existing HPLC assay for other penicillin and
cephalosporin antibiotics (6,7). The HPLC analysis was performed
on an extract of 0.5 ml of serum. The sera were extracted using a
two phase extraction procedure. Acetonitrile and dichloromethane
were used in the phase extraction which eliminates dilution of the
specimens. A 50 ul aliquot was injected into the HPLC. The HPLC
system was an ALC/GPC Model 204 liquid chromatograph attached to a
Model 710 B Waters Intelligent Sample Processor (WISP), (Waters
Associates, Milford, Mass.). - All analyses were performed utiliz-

ing a 30 cm p-Bondapak C steel column (Waters Associates,

Milford, Mass.). The eluatelias monitored at 254 um with a Waters
440 detector. The detector sensitivity was 0,10 absorbance units
(AU) full scale for the analysis of serum extracts from patients
receiving intravenous cefamandole, and 0.0l AU for analysis of
serum extracts from patients receiving IU/IP irrigation with
cefamandole. Peaks were recorded on a 10 mv chart recorder
(Houston Instruments, Houston, Texas) at a chart speed of 0.5
cm/min, The mobile phase consisted of 0.1 M sodium phosphate

(85%) and acetonitrile (15%) at a pH of 6.0. The flow rate was
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3.0 m1/min. Prior to use the mobile phase was degassed by filtra-
tion with a 0.45 ym FHUP filter (Millipore Corp., Bedford, Mass.).

In addition, assays were performed using the radial com-
pression Z module (RCM-Z) (Waters Assoc., Milford, Mass) equipped
with a column 10 cm long with an inside diameter of 8 mm contain-
ing a 10 u C18 packing which should produce a more rapid and effi-

cient separation than the 30 cm C steel column. The mobile

phase for this system consisted oflg.l M sodium phosphate (83%)
and acetonitrile (17%) at a pH of 6.0. The flow rate was 4.0
ml/min. Prior to use the mobile phase was degassed by filtration
as described previously.

Standard curves for both HPLC assays of cefamandole in serum
were generated by extracting and assaying normal human serum
spiked with cefamandole ranging from O to 100 ug/ml. In addition,
three serum specimens containing an unknown quantity of cefaman-
dole were assayed with the patients' specimens each time the assay
procedure was performed (the quantities were unknown to the person
performing the assay). The controls and the unknowns were prepar-
ed by the addition of a stock solution of cefamandole to serum
with a microliter syringe (Hamilton Co., Reno, Nevada). Between-
batch and within-batch recoveries were determined throughout the

study using the spiked controls prepared as mentioned previously.

Statistics

Friedman's Chi-square nonparametric analysis was used to
compare the three assay methods. Correlation coefficients for the
three methods were done using multiple least squares linear
regression, Comparison of the between-batch and within-batch data

were done by linear least squares regression.

RESULTS

A chromatogram of the separation of cefamandole is depicted
in Figure 1. Chloramphenicol, vancomycin, aminoglycosides,

penicillins, cephalosporins or theophylline were without effect on
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FIGURE 1. HPLC chromatograms of serum extracts of cefamandole (A)
normal pooled human serum containing 47.5 ug/ml of cefamandole
using a standard u-Bondapak C steel column; (B) the same serum

specimens using the Waters lﬁgdial Compression System (RCM-Z)

equipped with a 018 column,

the separation when added to the specimens. Between-batch and
within-batch reproducibility studies showed recoveries of at least
847 for the wide range of levels found using the two different
methods of administering cefamandole. The within-batch and
between-batch reproducibility data are depicted in Tables 1 and 2
and the correlation among the three methods of assay are shown in
Table 3. When standard curves were prepared for quantitation of

the low IU/IP irrigation levels, recoveries of greater than 90%



BAWDON ET AL,

2752

"UOTIBTIBA JO JUITITIIV0D °A) SUOTIBTAID PIepueys ‘qs fuesm ‘x

£°L6 11°9 132 B J A 4 ki 66 79°¢ 88°0 8Z°%T £ VART4

VAR L6°L 8E°0 LL'Y ki %16 ¢L701 6%°0 LS°Y S 0°s

0°¢8 60°Z1 01°0 €8°0 ki 0°L8 €891 €1°0 L8°0 S 0°1
Kxanr000y 28 as X v L13a003y Z as z e (Tw/3n)

A Z-RO4 % 81, uoTILIJUIIUOY
a8ei1aAy a8e1aAy aTopuemeIa)

*9TNPOR Z-WOY 9yl pue uunlo) wﬂo 343 YITM LITTTqFonpoadey ysieg-usemisg Jo SITnsey

‘T TT4VL

"UOTIBTIEA JO JUITOTFFI0D “AD {UOTIBTASD pippURIS ‘(S fUBOW X

07001 80°% 00'1 S°ve 01 6°L6 11°¢ %L°0 08°¢€T 6 VAR 74
7°66 sy'e L1°0  9L°% 9 9°86 69°¢ 81°0 ¢€6°Y L 0°S
0°06 LAAN %0°0 06°0 8 0'Yy8 66°¢S S0°0 ¥8°0 6 0°1
L13A009Y LY as X v £195009Y Z 80 as z v (Tm/81)
% Z~HOY % wﬁo UOTIBIJUIUOY
a8exaay a8e1aay afopueneja)
81

*STNPOR Z-JOU dY3 pue uwmnio) ° ') 9yl YITM £ITTTqIonpoidsy yojeg-uiyiiM Jo saTnssy

°T 419VL



CEFAMANDOLE IN SERUM

TABLE 3.
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The Comparison of Concentration of Cefamandole by the

Microbiological, the C

Column and RCM-Z HPLC Methods.

18
ASSAY

Method of HPLC HPLC
Administration Microbiological RCM-Z C18
Ip 3.40 3.95 3.10
1P 2.60 2.23 1.70
1P 6.20 5.38 4.50
IP 4.50 2.72 2.30
IP 0.80 0.74 0.45
IP 2.95 2.80 2,10
IP 1.30 1.10 1,10
IP 0.60 0.76 0.45
IP 7.50 5.90 5.10
IP 3.60 5.10 4,20
IP 2.80 3.20 2.80
IP 1.30 1.00 0.86
v 34.00 46.30 44,10
Iv 15.20 21,00 18.60
Iv 4.50 6.90 5.80
Iv 26.50 21.90 17.10
Iv 13.50 10.50 7.70
Iv 4,30 3.50 2.80
Iv 0.74 0.81 0.86
IP* ND 0.31 0.67
Ip* ND 0.14 0.51
Iv 46.00 34.90 33.80
v 21,00 18.10 17.20
v 4,20 5.10 3.90
Iv 34.00 31.40 26.10
Iv 14,00 13.60 11.00
Iv 2.90 4.30 3.70
Iv 53.00 55.50 45.40
IV 31.80 25.90 23.50
Iv 102.00 100.50 106.90
Iv 15.80 20.20 19.30
v 47.50 37.00 36.00
Iv 18.50 26.00 25.00

* 1Indicates that microbiological assay could not detect the pres~
ence of cefamandole in these specimens.

The correlation matrix for the above assays are as follows.

Microbiological to RCM-Z
Microbiological to C

18
RCM-Z to C18
IP = Intraperitoneal.
IV = Intravenous.

0.9792
0.9739
0.9934
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Figure 2. Semi-logarithmic plot of serum levels following the
intravenous or intrauterine administration of 2 grams of
cefamandole. Each time represents the mean and standard de-
viation. Forty-five or more values were used to achieve each
point.

were obtained (data not shown). All methods were accurate and
specific for cefamandole. The limit of detection for cefamandole
by HPLC was < 0.05 ug/ml. The limit of the microbiological assay
was approximately 0.50 ug/ml. Therefore the concentration of
cefamandole in some specimens could not be measured by the micro-
biological assay method. The regression coefficient (Y = a + BX;
where X and Y represent the dependent and independent variables, B
is the regression coefficient in the population and a is the value

of Y when X is 0) for the comparisons of the RCM-Z method to the
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microbiological assay method, the C18 steel column method to the
microbiological assay method, and the RCM-Z to the C18 steel
column assay method was 0.51 = 0.953X, -0.87 + 0.957X, and 1.56 +
0.984X, respectively.

Friedman's Chi-square test indicated a significant difference
in the comparison of the microbiological data with the HPLC C18
steel column data (p < .001). However, since these data had a
very high correlation coefficient for all three methods, we do not
feel that this significance was of practical importance.

Table 4 depicts the serum levels at the times collected. The
serum levels decreased from 47.6 ug/ml at 30 min to 9.54 pg/ml at
120 min for the IV dose, The serum levels from the patients
receiving cefamandole by IU/IP irrigation decreased from 1.98
pg/ml at 30 min to 0.58 ug/ml at 120 min, The disposition of
cefamandole through the two hours is shown on Figure 2. The

half-1life for both methods of administration was 37 min.

DISCUSSION

The RCM-Z system provided a more rapid analysis of
cefamandole than the standard C18 steel column. The C18 was
slightly more sensitive than the RCM-Z as depicted in Figure 1.
The decreased sensitivity of the RCM-Z 1is attributed to its
shorter length and larger diameter. The C18 steel column has a
lower flow rate, thus requiring less mobile phase for completion
of the assay, Both HPLC assay methods worked well for the quanti-
tation of cefamandole at the very low serum levels measured in
this study.

In this report, IU/IP irrigation with cefamandole resulted in
serum levels that were 4.5% of an equivalent IV dose. Although
the cefamandole administered by lavage was present in the perito-
neal cavity only momentarily, average serum concentrations of 1,98
ug/ml were present 30 minutes following dirrigation. The serum
concentrations measured in patients receiving cefamandole by IU/IP
irrigation were 1.5 to 3 times higher than levels reported in two

previous studies (1,8). This likely reflects idiosyncrasies in
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the method of irrigation used as well as differences in the
duration that the drug was in contact with the peritoneum before
it was removed by suction. A second less likely explanation is
that the microbiological assays used in the previous reports were
less sensitive than the assays used in the present report. The
sensitivity and precision of the microbiological assay probably
decreases substantially at the low levels of cefamandole in the
IU/IP lavage. Since the previous studies reported much lower
cefamandole levels, this lack of sensitivity may also explain the
discrepancy in results. Following either IU/IP irrigation or IV
administration of cefamandole, large variations in serum concen-
tration were measured in these women, We attributed this wide
deviation to large differences in volume distribution in these
patients who varied greatly in weight but who were all treated
with a standard dose of the drug.

The serum half-life for cefamandole in non-pregnant individu-
als has been shown to be 34 minutes following an intravenous dose
and 60 minutes following an intramuscular dose (9). In the
present study a serum half-life of cefamandole of 37 minutes was
measured in patients following either IU/IP dirrigation or IV
administration of the drug. It 1s well established that the
glomerular filtration rate (GFR) increases during pregnancy,
returning to normal only gradually over several days. It has been
suggested that this change in renal function may affect the
half-life of several drugs (4,5). From the data presented in this
report, it would appear that pregnancy associated changes in GFR
do not affect the renal excretion of cefamandole 1in patients
treated with the drug in the peripartum period. The low but
significant levels of cefamandole measured in the serum following
rapid IU/IP irrigation likely reflects the rapid uptake of the
drug across a large, well-vascularized space. Several reports
have documented the efficacy of peritoneal 1lavage with anti-
microbials at the time of cesarean section (1,2,8). The decreased
incidence of postoperative infection in patients treated with

IU/IP irrigation of cefamandole may be the result of either the
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local bactericidal action of the drug or the result of a low but
significant systemic level of cefamandole obtained in these
patients. The results of this investigation justify the eval-
uation of the mean inhibitory concentrations of cefamandole for
the bacteria recovered in these high-risk patients undergoing

cesarean section.
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ABSTRACT

A reversed-phase high pressure liquid chromatographic procedure has
been developed for the quantitation of the concentration of six different
tricyclic antidepressants in the plasma of patients undergoing routine drug
therapy. Plasma samples were extracted into a 97:3 hexane:isoamyl alcohol
solution and then extracted back into dilute acid. A Supelcosil C-8 column
with 5 micron packing was employed in combination with an acetonitrile/
phosphate buffer/diethylamine mobile phase. At an optimized mobile phase
pH of 7.22, baseline separation of all six tricyclic antidepressants plus
the internal standard was achieved within 8 minutes. UV detection at 254
nm resulted in limits of detection of 2.5 hg/L for each drug. The poten-
tial interferences from 13 different benzodiazepines and neuroleptics was
investigated. Five of the 13 parent drugs and three metabolites were found
to interfere with this tricyclic antidepressant assay.

INTRODUCTION

The growing practice of monitoring the concentration of tricyclic
antidepressants (TCAs) in plasma from patients undergoing antidepressant
therapy has required many clinical laboratories to introduce procedures for
quantitation of the common antidepressant drugs (1,2). Therapeutic plasma
levels of antidepressants are usually in the ug/L range and a number of
concurrently administered medications may possibly interfere with the
analysis (3,4). These considerations have resulted in many laboratories
using high-pressure liquid chromatography (HPLC) for the plasma monitoring
of the six common drugs: doxepin, desmethyldoxepin, imipramine, desipra-

mine, amitriptyline and nortriptyline.
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Several authors have published normal-phase chromatographic methods
for the separation of one or more TCAs (5-14); however, only Sutheimer has
accomplished baseline separation of all six drugs 1listed above (15).
Sutheimer's method is based on the earlier work of Vandemark et al. (6) in
which hydrophilic endogenous components were found to cause background
interference. Sutheimer did not apply the method to patient samples and,
further, presented no information on interferences, precision, or the
extraction procedure.

Reversed-phase HPLC techniques have less interference from plasma
extracts and have achieved more rapid chromatography of a few TCAs (16-29).
Kabra et al. (19) described a procedure providing baseline resolution of
all six drugs listed above; however, the retention time for the last elut-
ing component was about 13 min. Bannister et al (21) described a rapid
system for the automatic extraction and quantitation of TCAs in plasma
samples but routine use required two chromatographic runs with two dif-
ferent standards because all TCAs could not be simultaneously separated in
a single rum.

Before chromatographic analysis, TCAs must be extracted from the
plasma samples. Several liquid-solid and liquid-liquid extraction tech-
niques have been published (3). The liquid-solid techniques have required
a second liquid-liquid extraction (28) or evaporation step to concentrate
the samples (13). The liquid-liquid extraction methods have required long
mechanical shaking times (19), freezing steps for the isolation of the
organic phase (11), evaporation of solvent to concentrate the samples (7),
or an elaborate autoextraction system not available to many clinical lab-
oratories (21). All of these techniques are time consuming. Additionally,
the use of an evaporation step results in increased variability and re-
quires two internal standards (10).

In this paper we report the development of a reversed-phase HPLC
method for the simultaneous quantitation of six TCAs in the plasma from

patients undergoing routine antidepressant therapy.

EXPERIMENTAL

Apparatus

A Waters HPLC system (Waters Associates, Milford, Ma.) equipped with a
Model 441 UV absorbance detector (operated at 254 nm), a Model 6000A
solvent-delivery system, a Model 710 autoinjector, a Model 720 integrator
and a Model 730 System Controller was employed. A Supelcosil C-8 reversed-
phase column (4.6 x 250 mm with 5 pm packing), fitted with a C-8 guard
column (4.6 x 50 mm with 40 pm packing) was used (Supelco, Inc., Bellefonte,
Pa.).
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The mobile phase used for routine analysis was prepared by mixing 53.3
volumes of acetonitrile, 45.1 volumes deionized water, 1 volume diethyl-
amine, and 0.4 volumes 85% phosphoric acid. The pH was adjusted to 7.2 by
dropwise addition of phosphoric acid or sodium hydroxide. Other mobile
phase combinations were prepared as needed. All mobile phases were de-
gassed by ultrasonic vibration prior to use. Column mobile phase flow rate
was 2.0 mL/min.

Reagents
HPLC grade hexane, acetonitrile, and isopropamol, and reagent grade

potassium carbonate, diethylamine, and isoamyl alcohol were obtained from
Fisher Scientific Co. (Atlanta, Georgia). A 25% solution of potassium
carbonate containing 0.1% diethylamine was prepared and stored at room
temperature. A 97:3 mixture of hexane:isoamyl alcohol was stored in a

glass container at room temperature.

Standards

A standard stock solution of tricyclic antidepressant drugs contained
1 g/L of each of the following pure drugs was prepared in isopropanol:
doxepin (Pfizer Laboratories), desmethyldoxepin (Pfizer Laboratories),
imipramine (USV Laboratories), desipramine (USV Laboratories), amitripty-
line (Merck, Sharp & Dohme Laboratories), and nortriptyline (Merck, Sharp &
Dohme Laboratories). This stock standard was stored at ~15°C.

A stock internal standard containing 1 g/L of Loxapine (American
Cyanamid Co.) was prepared in isopropanol. This solution was stored at
-15°C.

A tricyclic working standard (100 pg/L) was made by a lO"-fold dilu-
tion of the TCA stock standard. To prevent adsorption of the TCAs onto the
glass container, diethylamine was added to a final concentration of 0.1%.
The tricyclic working solution was stored at 4°C.

The working internal standard was prepared by a 103-f01d dilution of
the stock internal standard to a final concentration of 1 mg/L with di-
ethylamine added (0.1%); this solution was stored at 4°C.

Samples
Patient blood samples were collected in Dark Blue stoppered Vacu-

tainers (Bectin-Dickinson, Rutherford, N.J.) and centrifuged within 2 hours
of sampling to obtain the plasma. The plasma was then stored at -15°C in a

clean Dark Blue Vacutainer tube until analyzed.
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Sample Preparation

Two mL of plasma was transferred to a 15 x 150 mm borosilicate glass
disposable test tube. Into this tube was added 100 pL of working internal
standard, 250 pL of the 25% potassium carbonate solution, and 5 mL of the
97:3 hexane:isoamyl alcohol solution. Each tube was vortexed rapidly for
30 s and then centrifuged for 3 min at 500 x g to break the emulsion. The
aqueous layer was removed by aspiration and the organic layer was trans-
ferred to a 15 mL glass conical centrifuge tube. A 100 pL aliquot of 0.25
mol/L HC1 was added and the tube vortexed rapidly for 30 s. The organic
layer was discarded and 50 UL of the aqueous layer was injected onto the

column.

Quantitation

The quantity of each drug in a sample was calculated by determining
the ratio of the peak absorbance of that tricyclic drug to that of the
working internal standard. The concentration was then calculated by com-

parison with a TCA standard curve generated with each rum.

RESULTS

Chromatography

The pH of the mobile phase was found to be a crucial factor in obtain-
ing baseline separation of the six TCAs plus the internal standard. Over
the pH range of 3.9 to 7.8 the retention times of the solutes showed consi-
derable variation (Figure 1). At the low pH extreme several of the drugs
coelute. Doxepin and nortriptyline reversed in elution order at pH 7.
Amitriptyline and loxapine (the internal standard) also reversed in elutiomn
order at high mobile phase pH (pH 7.8). The optimal regions of chroma-
tographic separation were determined from the retention data of Figure 1
using the "window diagram" technique popularized by Laub and Purmell (30)
and applied to reverse-phase HPLC by Deming and Turoff (31). Third-order
models were fitted to the retention data for each of the seven individual
peaks. These fitted equations were then employed to calculate the relative
retention ratios for all pairs of peaks (21 different pairs in this case)
over the pH range investigated. These results are plotted in Figure 2.
Regions of best separation for the worst separated pair of peaks are dar-
kened in as "windows" in Figure 2. The highest window occurs at pH 7.22
where the worst separated pairs show a relative retention of about 1.10.
At this pH all seven components are completely resolved as shown in the

chromatogram of Figure 3.
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FIGURE 1. The relationship between k' and pH for the seven solutes (1 =
desmethyldoxepin, 2 = desipramine, 3 = nortriptyline, 4 =
doxepin, 5 = imipramine, 6 = amitriptyline, 7 = loxapine (inter-

nal standard)).
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FIGURE 2. Window diagram of relative retention as a function of pH for all
21 pairs of tricyclic antidepressants. The location of the

optimum pH is marked by an arrow.
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FIGURE 3. Chromatogram of a spiked plasma standard extract containing 100

Hg/L of each of the tricyclic antidepressants. Peak identities:
1 = desmethyldoxepin, 2 = desipramine, 3 = nortriptyline, 4 =
doxepin, 5 = imipramine, 6 = amitriptyline, 7 = loxapine (inter-

nal standard).

An amine modifier was employed to reduce peak tailing of the solutes.
Diethylamine was chosen since it proved effective in improving peak sym-
metry at pH 7.2. The relatively high concentration of diethylamine (1%)
not only improved peak shape, but also improved selectivity among solutes

when compared with dibutylamine (Figure 4).

Precision, Accuracy and Recovery

The precision of analysis for a pooled serum sample spiked with 100
ug/L of each of the TCAs is shown in Table 1. The percent relative stan-
dard deviation ranged from 3.2 to 4.0%.
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FIGURE 4. Chromatogram of tricyclic antidepressants with 1% dibutylamine as

the asmine modifier in the mobile phase. Peak identities as in

Figure 3.

TABLE 1. Precision of the Method
Desmethyldoxepin 3.2 101.8
Desipramine 3.6 100.6
Nortriptyline 3.4 102.3
Doxepin 3.8 102.5
Imipramine 3.8 103.8
Amitriptyline 4.0 104.3
a

n = 25 measurements; bpg/L

TABLE 2. Analytical Recovery of Tricycle Drugs from Pooled Serum

Drug % Rec:ovegza
Desmethyldoxepin 53.8
Desipramine 48.8
Nortriptyline 50.9
Doxepin 54.6
Imipramine 54.3
Amitriptyline 50.0

aconcentration, 100pg/L
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FIGURE 5. Calibration curves (1 = desmethyldoxepin, 2 = desipramine, 3 =

nortriptyline, 4 = doxepin, 5 = imipramine, 6 = amitriptyline).

In Figure 5, a calibration curve is presented for each of the drugs
over a concentration range of 2.5 to 500 pg/L. Using this technique,
however, TCA concentrations up to 1000 pg/L can be measured without dilu-
tion.

The two stage liquid-liquid extraction can be completed within eight
minutes. The percent recovery (Table 2) for these TCAs ranged from 48.8 to
54.6%.

Interference
Table 3 lists the k' of the TCAs and some additional psychotropic

drugs which are often concurrently administered to patients receiving TCA
therapy. To identify whether or not the antipsychotic drugs or metabolites
interfered with the measurement of TCAs, plasma samples from patients
receiving standard neuroleptic drug therapy were assayed. Each of the

benzodiazepines was tested for interference using pooled human plasma
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TABLE 3. k' for Tricyclic Drugs and Other Common Psychiatric Drugs

and Metabolites

Tricyclic Antidepressants

Desmethyldoxepin
Desipramine
Nortriptyline
Doxepin
Imipramine
Amitriptyline

Y
Loxapine

Benzoiazepines
Desmethylchlordiazepoxide

Oxazepam
Chlordiazepoxide
Desmethyldiazepam

Diazepam

Neuroleptics
Molindone

Trifluoperazine

Perphenazine

Fluphenazine

Haloperidol

Thiothixene

Thioridazine metabolites
Chlorpromazine
Chlorpromazine metabolite (1)
Chlorpromazine metabolite (2)

#internal standard; bseveral unresolved peaks

k'
2.50
2.95
3.45
4.18
5.00
6.41
7.18

K'
2.06
2.44
2.53
3.93
5.20

Kkt

<2.00
<2.00
<2.00

2.67
3.34
3.39

<2.00~4.14P

8.23
3.02
3.65
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spiked with drug standards since the metabolites of these compounds were
available.

Among the benzodiazepines, three drugs were found to cause interfer-
ence with this assay. Diazepam interferes with the measurement of imipra-
mine, and the desmethyl metabolite of diazepam interferes with the measure-
ment of doxepin. The third benzodiazepine, chlordiazepoxide, interferes
with the analysis of desmethydoxepin.

Of the group of neuroleptic drugs tested, five were found to cause
interference: Haloperidol, thiothixene, fluphenazine, chlorpromazine and
thioridazine. Haloperidol and thiothixene elute with retention times which
conflict with nortriptyline. Fluphenazine interferes with the measurement
of desmethyldoxepin.

Although the parent compounds of chlorpromazine and thioridazine do
not interfere with the measurement of TCAs, the metabolites do. Chlorpro-
mazine metabolites interfere with the measurement of both desipramine and
nortriptyline. The metabolites of thioridazine provide the greatest pro-
blems in this assay. In the plasma from a patient whose thioridazine
treatment had been discontinued for seven days prior to the time the plasma
sample was obtained, sufficient levels of thioridazine metabolites were

still present to cause interference in the measurement of all six TCAs.

DISCUSSION

In this report, a rapid and sensitive HPLC technique is described for
the simultaneous measurement of six tricyclic antidepressants (doxepin,
desmethyldoxepin, imipramine, desipramine, .a.mitriptyline, and nortripty-
line) in human plasma. A simple extraction technique is used to prepare
the samples for analysis by reversed-phase chromatography. The liquid-
liquid extractiom requires no evaporation step, small extraction volumes,
and vortexing instead of mechanical shaking. The addition of the diethyl-
amine to the potassium carbonate buffer prevents adsorption of the TCAs to
the extraction glassware. These steps improve the reproducibility of the
extraction procedure, with typical % RSDs for the complete assay ranging
from 3.2 to 4.0% at a plasma concentration of 100 ug/L. Plasma samples can
be prepared for chromatography within eight minutes.

Using this reversed-phase HPLC technique, the six tricyclic drugs and
internal standard all elute within eight min. Thus, a total of only 16
minutes are required for both extraction and chromatography. Improvements
in peak symmetry and selectivity were obtained by using the amine modifier
diethylamine. The optimum mobile phase pH (7.22) was determined by conduct-
ing experiments over the pH range 3.9 to 7.8 and by plotting a window

diagram of relative retention for each pair of peaks versus pH. Loxapine,



MEASUREMENT OF SIX TRICYCLIC ANTIDEPRESSANTS 2771

which provides acceptable extraction and chromatographic characteristics
based on the structural similarities to the TCAs, was chosen as the inter-
nal standard.

It has been suggested that the use of a mobile phase pH above 7.0 in
combination with an amine modifier may reduce the life of a silica based
column by dissolving the silica (16). The method described in this report
has been used for several years in both a routine clinical laboratory and
in a research setting. Several thousand injections can be made on a single
column before performance deteriorates. Degradation is primarily due to a
buildup of lypophilic compounds on the column surface and is not due to the
silica base of the column dissolving. The use of a guard column greatly
extends the analytical column life by slowing lypophilic contamination.

Psychiatrists use TCAs as the drugs of choice for the treatment of
affective disorders. TCA therapy is also sometimes combined with con-
current administration of other psychotropic agents. An evaluation, using
the plasma from patients receiving some of these psychotropic drugs, showed
limited interference \from the parent compounds of three neuroleptics (thio-
thixene, haloperidol, and fluphenazine) and two benzodiazepines (diazepam
and chlordiazepoxide). In addition, the metabolites of one of the benzo-
diazepines (diazepam) and two neuroleptics (chlorpromazine and thiorida-
zine) caused interference in the assay.

This sensitive and rapid HPLC technique has been effectively applied
for two years in a tricyclic drug monitoring program for both inpatients
and outpatients at a major medical facility. Studies involving the pharma-

cokinetics and drug metabolism of TCAs are in progress.
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ABSTRACT

An HPLC instrument coupled with an electrochemical detector
was used to determine ritodrine (erythro-p-hydroxy-q -[1-[(p-
hydroxyphenethyl)-aminoJethyl] benzyl alcohol hydrochloride) at
nanogram levels in serum. Extraction of ritodrine was accomplished
using a multistep ethyl acetate procedure, and the mobile phase
consisted of acetonitrile, ammonium acetate, glacial acetic acid,
and a counterion, The stationary phase was a Biophase ODS S um
column at ambient temperature. Nalbuphine hydrochloride (Nubain®)
was used as an internal standard to quantitate the ritodrine 1lev-
els of pregnant patients receiving ritodrine. The procedure's
linearity for both ritodrine standards and spiked plasma samples
was demonstrated. The precision of the assay was found to be 3.4%
at 20 ng/ml ritodrine. The minimum detectable concentration, with
a signal-to-noise ratio of 6, was determined to be 0.31 ng per 50
pl injected, corresponding to a concentration of 0.6 ng/ml plasma.
The sensitivity, precision, and reproducibility of the assay were
all found to be acceptable for determining ritodrine in patient
serum.
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INTRODUCTION

Premature birth is the leading cause of neonatal mortality
and morbidity(1). Ritodrine hydrochloride (Yutopar®) is the first
product in the United States approved as tocolytic agent for the
management of premature labor. However, 1little information is
available describing its effective serum levels, pharmacokinetics,
and side effects in pregnant women and neonates.

The only analytical technique available for determining rito-
drine in serum is radioimmunoassay, a technique that requires the
development of a specific antiserum(2). Therefore, the purpose of
this study was to develop a high performance liquid chromatography
(HPLC) procedure that would obviate the need for an antiserum and
still provide a high level of sensitivity. Coupling HPLC with
electrochemical detection (EC) provided a high level of sensi-
tivity and precision, as well selectivity, for the analysis of
ritodrine in serum. HPLC/EC methods similar in nature have been

used to analyze tricyclic antidepressants(3).

MATERIALS AND METHODS

Reference Compounds

Reference ritodrine hydrochloride (Yutopar ® was obtained
from the Merrell Dow Research Center (Cincinnati, Ohio). The
internal standard, nalbuphine hydrochloride (Nubain®), was donated

by Endo Laboratories, Inc. (Garden City, New York).
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Apparatus

An HPLC instrument (Perkin-Elmer Model 3B) coupled with an
electrochemical detector (Bioanalytical Systems Model 4B) and a
data terminal (Perkin-Elmer Model Sigma 10B) was used for deter-
mining ritodrine., The electrochemical detector was equipped with a
glassy-carbon electrode; the chromatography column was a Biophase
ODS 5 um column. A Rheodyne injector (model 7125) was used with a
50 ul loop. The samples were centrifuged with an International
centrifuge (model HN) and the samples were mixed in a Vortex

shaker (model Vortex-Genie).

Chromatography Conditions

The mobile phase consisted of acetonitrile, ammonium acetate,
and water (20/10/70) with 3mM ion-pair reagent (1-heptane-
sulfonicacid sodium salt) at pH 3.7. The ammonium acetate buffer
(10x) contained H400mM ammonium acetate, 2.1M glaclal acetic acid
and water, Each liter of mobile phase contained 12ml of stock
ion-pair solution (5.52gm ion-pair salt, 10ml glacial acetic acid,
diluted to 100ml with water). The mobile phase was recirculated
at a flow rate of 1ml/min.. The Biophase ODS 5 um column was used
at ambient temperature; the carbon electrode at 0.95 volts (vs.

Ag/AgCl).

Treatment of Glassware

All test tubes and centrifuge tubes were surface treated with

PROSIL-28 (PCR Research Chemicals, Inc.) an organosilane surface
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treating agent. The procedure used was that recommended by the

product's manufacturer.

Extraction Procedure

One ml of plasma was added to 1.0 ml of distilled water (Type
1, one megaohm) and 1.0 ml of 0.6 M K2CO3 in a 15 ml conical cen-
trifuge tube with screw cap(3); this resulted in a pH of 9.4..
Then 8.0 ml of ethyl acetate was added. The tube was then mechani-
cally shaken for 5 minutes, and then centrifuged at 2000 rpm for
15 minutes. The organic layer was transferred to a 15 ml conical
centrifuge tube with a screw cap containing 1.2 ml of 0.1 M HC1,
The tube was again shaken for 5 min, and centrifuged at 2000 rpm
for 10 minutes, The top layer was aspirated to waste., Five-tenths
ml of 0.6 M K2C03 and 1.0 ml ethyl acetate was added (pH 9.4) and
the tube was again shaken and centrifuged as mentioned above. The
ethyl acetate layer was transferred to a 12 ml conical test tube
and evaporated under a stream of purified nitrogen to dryness at
room temperature., The residue was reconstituted in 300 pl mobile
phase and 50 ul of the sample was injected into the liquid chroma-

tograph.

RESULTS

LC Chromatograms

A chromatogram of ritodrine in the mobile phase (10 ng/ml) is

shown in Figure 1. The retention time of the ritodrine was
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approximately 9.33 min.; the contaminant came from the reagents
but it was not further identified since it did not interfere with
the procedure. Also shown in Figure 1 is a chromatogram from a
plasma extracted sample; the concentration of ritodrine in this
sample was also 10 ng/ml. The retention time of the internal

standard, nalbuphine, was 13.58 min..

Standard Curves

The linearity for both rithodrine standards and plasma
extractel samples over a range of 0-50ng/ml is demonstrated in
Figure 2. The minimum detectable concentration was 0.6ng/ml in
plasma, which yielded a signal-to-noise ratio of 6; this

corresponds to 0.31 ng/ml per 50 21 injected.

Oxidation Potential

The oxidation potential for ritodrine (+0.95 volts) was
optimized by plotting peak height versus applied potential. The
appropriate range for the applied potential was first determined

by Bioanalytical Systems of West Lafayette, Indiana.

Mobile Phase

Methanol was first used in the mobile phase; however, satis-
factory results were not obtained. This led us to experiment with
an acetonitrile solvent system. The mobile phase described in the
methods section was found to be satisfactory after experimenting

with the various solvent variables.
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TABLE I

Recovery of Ritodrine Added to Plasma

Tissue Number Recovery % SD CV%
Plasma (1 ml) 10 80.1 1.2 2.5%
TABLE II

Assay Precision for Plasma Ritodrine

Conditions Concentration Mean "+ SD cv%
(ng/ml)
Separate Extractions 20 19.6 + 0.7 3.4
(n=12)
Recovery

The recovery of ritodrine was determined using spiked plasma
samples (25ng/ml). The results are shown in Table 1. The mean
recovery was 80.1% with a coefficient of variation of 2.5%. The
extraction solvent used (ethyl acetate) was arrived at by experi-
menting with the solvents used in our laboratory for drug extrac-

tion (see Discussion).

Precision

The analytical precision at a plasma concentration of 20ng/ml

was found to be excellent. The coefficient of variation was 3.4%

(Table 2).
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DISCUSSION

A radioimmunoassay technique for analyzing ritodrine was not
used by us because of the difficulty in producing a suitable
antiserum., Instead, an HPLC/EC technique was developed that gave
a level of sensitivity (0.6ng/ml plasma) comparable to that
reported by Gandar et al. (0.3ng/ml plasma)(2) wusing radioimmu-
noassay. We found the HPLC/EC technique to be sufficiently sensi-
tive for analyzing ritodrine in pregnant women receiving the drug
to prevent premature labor.

Since our lab does not have cyclic voltammetry, the oxidation
potention for ritodrine was determined by Bioanalytical Systems of
West Lafayette, Indiana. They found the optimum potential to be
approximately +900 wmv with a glassy carbon electrode. The poten-
tial used in our method was +950 mv; this value was arrived at
experimentally and was within the appropriate range suggested by
the voltammogram produced by Bioanalytical Systems.

A considerable amount of experimentation was done to
determine which solvent system would provide the best results. The
first system tried was that used by Merrell Laboratories, the pre-
vious manufacturer of ritodrine., Their mobile phase contained
methanol, water, sodium-n-heptal sulphinate, and ammonium acetate.
The solvent system we report here, using acetonitrile, etc., gave
us good sensitivity and precision.

Several organic extraction solvents were tried before one was
found that was satisfactory. Among those tried were: acetonitrile,
methyl-t-butyl ether, diethyl ether, and ethyl acetate. Ethyl ace-

tate gave an extraction efficiency of 80%; however, adjustment of
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the pH as described in the procedure section is wvital to obtain
this efficiency (personal communication with Dr. Lan K. Wong of
the University of Pittsburgh). The extraction procedure followed
was that described by Suckow and Cooper with the exception of
using ethyl acetate and adjustment of the pH.

Overall, the sensitivity, precision, and reproducibility of
the assay were all found to be acceptable for determining rito-

drine in the serum of pregnant mothers.
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Analysis of Indenolol In Biological Fluids
By High Performance Liquid Chromatography.

S.A. Babhair*, H.Y. Aboul-Enein and Sami El-Houfy,
Departments of Pharmaceutics and Pharmaceutical Chemistry,

College of Pharmacy, King Saud University,
Riyadh, Saudi Arabia.

ABSTRACT

The analysis of indenolol in plasma and urine is
described, The method involves extraction of the drug
from plasma or urine using chloroform at basic pH.
The separation was performed on CN column using methanol
and 0.01M potassium dihydrogen phosphate solution 50:50.
The efficiency of extraction was 97%. Minimum detectable
amount by fluorescence was 20 ng/ml.

INTRODUCTION

Indenolol (1) a 1l-(7-indenyloxy)-3-isopropylamino-2-propanol a
relatively new beta-blocking agent is prescribed for the treatment of
angina, cardiac arrhythmias and hypertension. Previous methods of
analysis involved gas-liquid-chromatography, non-aqueous potentiometry,
U.V. spectrophotometry and HPLC in dosage forms (1,2). The present study
reports a simple method for the analysis of the drug in biological fluids

using HPLC.

* To whom correspondence should be addressed.
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CH,
0-CHy~C-H=-CH,~N=C
OH H 3
1
EXPERIMENTAL

Apparatus
The chromatographic equipment consisted of Model 6000A Pump with

Flourescence detector model 420-C and 420-E from Water Associates
(Bedford, Massachusetts, USA). The signal output was displayed on a

Philipps PM 8251 single-pen recorder.

Chromatographic System

A 3.9ID X 30 cm commercially available stainless steel CN column
made by chemically bonding, a cynogroup to PORASIL at 9% w/w was used
(Waters Associates). Mobile phase consisted of methanol and 0.01M
KH PO4 (50:50). The mixture was degassed for 5 minutes by filteration:

2
Flow rate was 1.5 ml/min. and detector gain was 64,

Reagents

Standard solutions were made by dissolving indenolol in the mobile
phase. Methanol and chloroform (spectral grade) were obtained from
Merck (61 Darmstadt Germany) and KH2P04 (analytical grade) was obtained
from BDH (Poole, England). Authentic sample (labelled purity 99.2% w/w)
of indenolol hydrochloride was obtained from Yamanouchi Pharmaceutical

Co., Ltd., Tokyo, Japan.

Standard Curve
20 mg of indenolol hydrochloride was dissolved in 200 ml of

distilled water. From this stock solution a series of dilutions were
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made ranging from 2 yg/ml to 20 pg/ml, 25 ul of these solutions were
injected onto the column in triplicate, the peak height was measured
and plotted versus the concentration injected. The results are

shown in Figure 1.

Extraction from the urine

Urine samples were collected from an apparently healthy adult male.
In each run, various amount of the stock solution was added to 2 ml of
urine giving final concentration ranging from 166 to 833 ug/L. Extrac-
tion was performed by adding 0.5 ml of 25% ammonia solution and the
sample was then extracted with 5 ml of chloroform. The sample was then
centrifugated for 10 minutes at 2500 r.p.m. The Chloroform layer was
transferred and evaporated at 60° using water bath. The residual was
dissolved in 2 ml of the mobile phase and 25 ul of this solution was

injected in duplicate.

Extraction from plasma

Plasma was obtained from a whole citrated human blood which was
then centrifugated for 10 minutes at 2000 r.p.m. and then pippted to
another tuﬁe. In each run, various amounts of the stock solution was
added to one ml of plasma giving final concentrations ranging also from
166 to 833 ug/L. The same procedure for urine was followed except that

0.1 ml of 25% ammonia solution was added instead of 0.5 ml.

RESULTS AND DISCUSSION

A simple method for the analysis of indenolol in biological fluids
was developed using HPLC and fluorescence detector. A typical graph of
the results when peak height was plotted versus concentration injected
from both urine and plasma are shown in Figures 2 and 3 respectively.
Typical chromatograms wusing this method are shown in Figures 4 and 5.

The retention time for the drug was 4.2 min. The method is
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Fig. 4: A typical chromatogram of indenolol when
25 yl of the drug was injected.
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Fig. 5: Typical chromatograms of
Indenolol extracted from
Plasma (A) and Urine (B)
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Fig. 7: Typical chromatograms when blank Urine (A) and blank
Plasma (B) were extracted, and then injected
onto the column.
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very sensitive and concentrations as low as 20 ug/L (S/N > 2) can be
detected (Figure 6). Peak height was linearily correlated to the drug
concentration for the standard curves, urine and plasma with correlation
coefficients of 0.995, 0.994 and 0.994. Intercepts of -0.35, -0.4,
-0.1 and slopes of 0.007, 0.0066 and 0.0076 respectively. The inter-
ference from other plasma constituents was minimal and the recovery

of the drug from the plasma or urine using this method of extraction

was 97%. The sensitivity of the method can be considerably improved

by dissolving the residual after evaporating the chloroform in 500 ul

or even 100 pl of the mobile phase and injecting 50 or 75 ul of the

reconstituted solution onto the column (Figure 7).
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HPLC ANALYSIS CF OLIGOMERIC ETHYLENE GLYCCL MIXTURES
VIA BIS(2, 4~DINITRCPHENYLATICN).

Abraham Warshawsky¥, Nurit Shoef and Arieh Tishbee

Department of Crganic Chemistry,
Weizmann Institute of Science, Rehovot, Israel.

ABSTRACT

Bis(2, 4=dinitrophenylation) of oligomeric ethylene glycols of
the formula HC~(CH CH20)n-H (n=4-1€)to the corresponding INP-
O(CHZCH -0) -DNP (wgere INP stends for 2, 4-dinitrophenyl) provides
chromopgorig derivatives, which are separated chromatographicslly
on HFLC column,

The bis(2,4~dinitrophenyl) glycols are stable in presence of
triethylamine, but undergo ethanolysis in presence of hydroxide
ions. The quantitative removal of the [INP groups allows an
integrated scheme to pure glycols from commercially aveilable
polyethylene glycol mixtures, by bis(2,4-dinitrophenylstion),

chromatographic separation, end-group removal, using HFLC of the
bis=-(2, 4~dinitrophenyl) glycols for purity monitoring.

INTRODUCTION

Ethylene glycol cligomers are important starting materisls in
the synthesis of macrocyclic ethers (1-5). Their special solubil-
ity and chain folding properties are extensively studied (6-8).
Considerable attention is alsc given to the use of oligoglycols as
liquid polymeric supports in automestic liquid phzse pertide syn-

thesis (9).
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Our interest in facile synthetic methods to pure glycols hes
risen in the course of studies on the synthesis of polymeric
crown (10) end pseudocrown ethers (11), This has also led us to
develop a highly sensitive and accurate analytical method based on
conversion of the glycols to bis(2,4-dinitrophenyl derivatives)
(12), coupled with kKigh Performance Liquid Chromatography Analysis

(HPLC), which is reported in this paper.

Synthesis of Bis(2,4-Dinitrophenyl) Glycols: Chromophoric Ligands

for HPLC Anzlysis.

The bis(2,4~dinitrophenylstion) of glycols converts the
water-soluble glycols, to hydrophotic derivatives incorporating
high-extinction coefficient chromophores, which can be readily
resolved by chromastographic methods wusing spectroscopic moni-
toring. The synthesis of bis(2,U4-dinitrophenyl) glycols
(abbreviated bis-DNP—glycolsL the product composition are to be
described elsewhere (13). The lower glycols (tri-to-penta glycol)
yield exclusively the bis-DNP derivatives after 24 hours reaction.
The reactivity of the glycol decreases as chain length increases,
and longer reaction times are needed to convert the higher glycols

to the bis-DNP derivatives.

High Performance Liquid Chromatography Analysis of Polyethylene

Glycol Oligomer Mixtures.

The resolution of a prepared mixture of tetra, penta, hexs,

hepte and octa glycols (ss the bis-2,4-dinitrophenyl derivatives)
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FIGURE 1

HPLC analysis of a prepared mixture of pure bis(2,4-dinitrophenyl)
derivatives of tetra to octa glycol.
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FIGURE 2

HPLC analysis of a mixture of bis(2,4-dinitrophenyl)polyethylene
glycol 600, spiked with: (a) bis(2, i-dinitrophenyl)hepta glycol
and (b) bis(2,4-dinitrophenyl)octe glycol.
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on a nucleosil C6H5 (7’(m) column is shown in Fig. 1. Next, the
chromatogram of the bis(2,U4-~dinitrophenylated) mixture of poly-
ethylene glycol (PEG)-600 is shown in Fig. 2. Bis(2,4-dinitro-
phenyl) heptaethylene glycol and bis(2,4-dinitrophenyl) dodeca-
ethylene glycol were added as internal markers.

Under the above conditions, resolution between the bis(2,4-
dinitrophenyl) derivatives of ethylene glycols from diglycol to
pentedeca glycol is possible. The resolution of crude bis(2, 4-di-
nitrophenylated) mixtures of polyethylene glycols (product of
Fluka, Switzerland) are shown in Fig. 3. (Fig. 3A - PEG-200; Fig.
3B - PEG-300; Fig. 3C - PEG-H00; Fig., 3D - PEG-600)., Each
chromatogram contazins 2, 4-dinitrophenol, 2, Y-dinitrofluorobenzene
(2,4 DNFE, Rt=6.0min). then a band of closely packed mono (2,4~
dinitrophenyl) glycol homologes (abbreviated VLB, for mono-DNP-
BAND). Then a band of the bis(2, 4-dinitrophenyl) glycols, assign-
ed by numerals identical with the integer n in HO(CH2CH20-}1H.

The identificstion of the components in Fig. 3 was through
comparison with prepared mixtures of the pure glycols, such as a
mixture of tetra to octa glycols shown in Fig. 1. Alternatively,

samples were spiked with 2 known component, as shown in Fig. 2.

HPLC Purity Monitoring in Chromatographic Separation of

Bis(2, 4-Dinitrophenyl) Oligoethylene Glycol Mixtures.

Bis(2, 4~dinitrophenyl) glycols are very sensitive to nucleo-
philic substitution by ethoxide in the system NaOH/EtOH/CHCl3 [the
reaction being completed within 5 minutes at 80°¢ (13)], and pro-

duce a mixture of liberated glycols and 2,H4-dinitrophencl. This
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FIGURE 3

HPLC analysis of bis(2,4-dinitrophenyl) derivastives of polyethyl-
ene glycol mixtures: (a) PEG-200; (b) PEG-300; (c¢) PEG-U00;
(d) PEG-600, MNumbers identify with n in HO-(CH2CH2O)n-H,
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FIGURE &

HPLC analysis of nonaglycol with octa glycol and decaglycols as
impurities: PEG-300, starting material.

property allows the design of an integrated scheme leading from
mixtures of polyethylene glycols, via bis-(2,4-dinitrophenylation)
chromstographic separation and removal of the 2,4-dinitrophenyl
protecting group to pure glycols (see scheme 1), The HPLC method
described in this work allows this scheme by ensuring purity moni-
toring and control of the chromatographic separation procedure.
From the composition of the commercial PEG-mixtures (see Fig. 3)
it follows that PEG-200 is a source of tri, tetra and penta gly-
cols, PEG-300 and FEG-400 are a source for pents to deca glycols
and PEG-600 a source for octe to hexadeca glycols. Fig. 4 shows
enriched nonaglycol obtained from PEG-300, and Fig. 5 shows
enriched fractions of the Bis-(2,4-dinitrophenyl) derivatives of
the higher glycols obtsined from PEG-~600 using scheme 1. Further

chromatographic separation yields pure glycols.

In conclusion, in the present paper we have presented s high-

ly sensitive HPLC method for the resolution and identification of



OLIGOMERIC ETHYLENE GLYCOL MIXTURES 2803

Scheme no. 1 . pure glycol via bis-(dinitrophenilation)of glycol mixtures,
chromatographic separation and deblocking

FO(CHQCHZ)E_IOH +  HO(CH,CHp)p~ OH + HO(CHaCH, )y i OH |

2,4-dinitrofluobenzene

NEty
[ DNP-0/(CH, CH, Y0-DNP +DNP-0(CHaCH3 Jn-O~DNP + DNP- O(CH,CHy), 5 0-DNP |
chromatography
[onp - 0(cH,CHp0-0NP|  [DNP-0-CHyCHaz0-ONF [ DNP-04CH,CHg Iy rO- DN} -
NoaOH/EtOH NaOH/EtOH Nde/E'OH ‘
HO(CH2CH, ). OH HO(CH ,CH, )-OH HO(CH,CH,) = OH

DNP= 2 4-dinitropheny!

oligoethylene glycols in synthetic samples or in their commercial
admixtures, resulting from enionic polymerization of ethylene
oxide. In addition, we have elsborated & method to pure oligo-
ethyleneglycols (n=4-16) f;om commercially available polyethylene
glycol mixtures by bis(2,U4-dinitrophenyletion) chromatographic
separation and end-group removal. The HPLC analysis of the bis-
DNP glycols enables purity monitoring of the glycols ottained by
either route.

Making aveilable high purity glycols will contribute to the
synthesis of ultra pure crownethers, and will make evaluation of
thermodynamic and bioclogicsl measurements of varicus physical
properties of crownethers more significant.

Although analysis of bhigher than hexadeca glycol was not

attempted, the method should be applicable to higher glycols.
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HPLC analysis of chromatographically separated bis(2,4-dinitro-
phenyl derivatives of: (e) hepta, octa; (b) nona, deca, undeca;
{c) deca, undeca, dodeca; (d) dodeca, trideca and (e) trideca,
tetradeca and pentadeca glycols. PEG-600, as starting material.
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EXPERINMENTAL

Preparation of Bis(2,4-Dinitrophenyl) Derivatives.

The glycol (13.0 mmole) is dissolved in 30 ml distilled
acetone, and 4.7 w1l (66 nmoles) of triethylamine added, followed
by 5.0 g (26,4 mmoles) of 2,4-dinitroflurobenzene (A.R). The
solution is allowed to stand at room temperature for 24-48 hours
in the case of the lower glycols (up to decaglycol), and up to 7
days with the higher glycols.

After evaporating the acetone, the product is taken in 100 ml
CHC13, washed with 2x50 rl in HCl, and then with water to neutral
pH. The solution is dried on w,gsou, and the CHCl3 removed by
distillstion, Chromatographic separation allows isolation of the

bis (2, 4~dinitrophenyl) derivatives in 45-76% yields (13).

High Performance Liquid Chromatography Analysis.

The HPLC analysis was performed on a Waters Associates Model
244 HPLC using a self-packed Nucleosil (—7‘,1 m) C6H5 column of 2590
by 4.6 mm, at room temperature. Several solvent elution systems

were tried: (a) 20% dioxane in CHCl (b) 202 dioxzne + 1% iso-

34
propanol in CHC13; (c) 301 H20 in CHSOH. The last system was
found to be superior and all the results reported Lere refer to
the last system. Flow rate of 1 ml/min and chert speed 0.5 cm/mrin.
Sample concentration in CH2012:10'4M. Sample size: S-ZOI‘I 1, ULV
detector - 254 nm. All the HPLC chromatograms of the crude
bis(2,4-dinitrorhenyl) glycols contain 2,4-dinitrofluorotenzene
(2,4-DNFB) and 2, 4-dinitrophenol (2, 4-DNPOH). In the case of the

2, 4~dinitrophenylated polyethylene glycol mixtures a band corres-—
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ponding to the mono-2, 4-dinitrophenyl derivatives is presented and

is designated as MDB.
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DATA ACQUISITION AND PROCESSING
FOR HIGH SPEED LIQUID CHROMATOGRAPHY

J. M. Anderson
Alltech Associates
2051 Waukegan Road
Deerfield, IL 60015

SUMMARY

The effect of sampling rate and digital smoothing
on data acquired from high speed liquid chromatography
(HSLC) is explored. The amount of data required per
peak is determined from the precision of area, height,
and retention time measurements. The correct sampling
rate is related mathematically to column characteristics
and operating conditions. The effect of a modified
moving average digital smoothing routine on peak width
and height is investigated. Digital smoothing functions
are shown to behave similarly to analog noise filters.
The merits of raw data storage and post analysis

processing are discussed in light of the short analysis
times in HSLC and the decreased cost of computer memory.

INTRODUCTION

Short HPLC columns filled with 3 micron particles,
when operated at high flow rates, are capable of
performing many separations 5 - 50 times faster than
with conventional HPLC columns, with little or no loss
of resolution. Specialized or modified HPLC equipment
has been developed to take full advantage of this

technique. The high efficiency and low volume of the
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peaks generated in high speed liquid chromatography
(HSLC) require reduced volume in injectors, connecting
tubing, and detector flow cells.(1) Detector
electronics must also be modified to cope with the
sharp, relatively high frequency peaks. Noise filtering
networks must have low time constants so as not to
distort peak shape and thereby decrease resolution.{(1-3)
In a similar fashion, the data handling system employed
for HSLC must be carefully designed to accurately
represent the chromatographic data in a digital format
without significantly distorting peak shape.

This paper describes a data handling system for use
with HSLC based on the Apple II computer. The effects
of sampling rate and digital smoothing routines on
chromatographic data are investigated. The use of low

cost RAM memory for raw data retention is described.

EXPERIMENTAL

CHROMATOGRAPHY

A Gilson Model 303 Pump (Gilson Medical
Electronics, Middleton, WI, USA) in conjunction with an
LDC Mark III Pulse Dampener (LDC, Riviera Beach, FL,
USA) was used as the solvent delivery system. Samples
were injected with a Rheodyne 7410 internal loop
injector fitted with either a 2 or 5 ul sample loop
(Rheodyne, Cotati, CA, USA). Separations were performed

on 100mm x 4.6mm columns packed with 3 micron RoSiL C18
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DA (Alltech Associates, Deerfield, IL, USA). Tubing
used to connect the column to the injector and detector
was 1/16"™ OD x .004" ID (Alltech Associates, Deerfield,
IL, USA). A Kratos 773 UV-Visible Detector (Kratos
Analytical Instruments, Westwood, NJ, USA), equipped
with a 0.5 ul flow cell, was used to monitor column
effluent at 254 nm. The square wave rise time for the
detector's noise filter was set at 100 msec. Samples

and mobile phases were as noted with each figure.

DATA SYSTEM

An Apple II Plus with 48K RAM memory was used as
the host processor. Peripherals consisted of a single
floppy disk drive with controller and an Apple DOT
Matrix Printer (All obtained from Alltech Associates,
Deerfield, IL, USA). Analog to digital (A/D) conversion
and data integration was done with an Analytical
Computers' Chromcard (Analytical Computers, Elmhurst,
IL, USA) supplied with an optional 128K RAM memory
expansion card.

The Chromcard consists of a printed circuit board
that fits into one of the empty slots in the back of the
Apple and receives the analog signal from the detector's
recorder output. The accompanying software digitizes
incoming data with 12 bit precision at up to 20 Hz. The
chromatogram is displayed in real time on the Apple's

CRT, using the high resolution graphics mode.
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The incoming data is smoothed using 3, 5 or 9
points and is fitted to a quadratic curve. The first
and second derivatives are calculated to define the
onset of the peak, the position of valleys between
peaks, and the proper peak end point. User defined
valves for slope sensitivity, minimum peak height and
minimum peak area are used to discriminate against noise
and other artifacts. Raw data points are stored in RAM
memory for subsequent re-analysis or for transfer to
disk for permanent storage.

Once all peaks have been defined and raw areas
calculated, retention times are compared with expected
values supplied by the operator. If experimental values
match expected values within a user defined window, peak
names are assigned. Raw peak areas are then normalized,
compared with an internal standard (if desired), and
multiplied by response factors prior to generation of
the final report.

The final report lists all chromatographic
conditions, together with operator name, date, and
sample identification. Each peak is listed with
retention time, area, area %, normalized area and
concentration, A typical report is shown in Figure 1.
The chromatogram may then be reproduced on the line

printer in a dot-matrix format, as shown in Figure 2.
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DATE O6/22/8.5 UFERATUOR DB SAMFLE EXFTL1 SIZE 20 ULITERS
METHOD Ni.M METHOD DESCRIFTION NUCLEOTIDES

LULLUMN DESCRIFTION:
COLUMN TD 8 M oD FACKEING € 18 REVERSE TYFE RADIAL FAK
MUBILE PHALSE SO MM AMM/FHOS FH6 FLOW RATE 1 ML/MIN PRESSURE Sou FSI

UFERATING CONDITIONS:

INITLIAL TEMP ENDING TEMF TEMF RATE

DETECTOR TYFE WY 258NM DETECTOR SENS O.2 DETECTOR TEMF

FR# COMFQOUND NAME TIME HT WIDTH AREA AREAZ  NUORM CONC

1 GTF 5.18 7.48 14.38 472 14.88 Q.

2 GDP 85.67 10.90 20.88 17709 27.82 Q.

x GMF 7.81 17.79 27,06 36467 857.29 Q.
FIGURE 1
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RESULTS AND DISCUSSION

The extremely narrow peaks generated by HSLC present a
unique problem to chromatography data systems. These
narrow peaks are a result of the high efficiency of HSLC
columns, coupled with the speed at which peaks elute.
The speed arises from the use of short columns (30 - 150
mm) and operation at high mobile phase velocities. A
comparison of HSLC with conventional HPLC is shown in
Figure 3. The conventional column (150 mm, 5 micron)
separates seven components in just under 9 minutes. The
HSLC column (100 mm, 3 micron) separates the same
mixture in just under 50 seconds, with little or no loss
of resolution. The amount of information available from
both chromatograms is the same, but the time base has
been decreased almost twelvefold. The data system, to
maintain the same integrity of information, must
digitize the chromatogram twelve times faster, requiring
higher sampling rates. Simultaneously, the peaks shift
to a higher frequency, increasing the effect of digital
smoothing routines on the peak shape.

A comparison may be made between these digital
effects and their analog counterparts. Faster sampling
rates correspond to faster strip chart recorder speeds.
Improved digital smoothing routines parallel analog

noise filters with shorter time constants.
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CONVENTIONAL
Vvs.
HIGH SPEED
HPLC

HIGH SPEED
COLUMN
(10cm x 4.6mm)

L
INJECT 60 SECONDS
CONVENTIONAL
COLUMN
(15cm x 4.6mm)
b M
INJECT 9 min.

FIGURE 3 Conventional Columm, 15cm x 4.6mm P/W RoSiL C18 HL 5 micron.
High Speed Column 10cm X 4.6mm P/W RoSiL C18 HL 3 micron. Mobile
Phase 75/25 Acetonitrile/Water. 1.0ml/min for Conventional Column,
3,0ml/min for High Speed Column, Sample - Anilides,
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SAMPLING RATE

The sampling rate determines the interval between
consecutive examinations of the analog signal. The
speed of the analysis and the shape of the peaks
determine the sampling rate required--the sharper the
peaks, the greater the sampling rate. The sampling rate
should be fast enough to provide an adequate digital
representation of the peak profile. On the other hand,
excessive sampling rates will generate large quantities
of data. If raw data is being stored, this rapidly
fills the computer's memory.

The sampling rate required for a given peak can be
related to chromatographic parameters using Equation

(M.

(1) W = 4Vo (1 +xkh
Q N*
W = Peak Width (at Base)

Vo = Column Void Volume

Q

Volume Flow Rate

N = Column Efficiency

k1 = Capacity Factor

If the peak duration (W) is known, it is simple to

calculate the sampling rate, using Equation (2).
Cc o N%

(2) F = —=
4 Vo (1 + k1)
F = Sampling Rate

C = The Number of Data Points Desired per Peak
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Inspection of Equation (2) reveals that sampling
rate increases with increased flow rate (Q), increased
efficiency (N), and decreased column void volume (Vo).
All three of these occur in HSLC. Smaller particles
result in higher efficiencies; shorter columns have
smaller void volumes, and shallow H/U curves for small
particles allow operation at higher flow rates.

Choosing the correct value for C depends on the
precision required from subsequent calculations. 1In
most cases area, height, and retention time are
extracted from raw peak data. Examining the precision
of area, height, and retention time at various sampling
rates may be used to determine the correct value for C.

The Chromcard system allows A/D conversion rates of
20 Hz, 10 Hz, 2 Hz, 1 Hz, and 0.5 Hz. For the high
speed separation shown in Figure 4, A/D conversion rates
of 20 Hz, 10 Hz, and 2 Hz were examined. Ten runs were
collected at each rate. The earliest eluting peak
(phenol) is the sharpest of the five, hence presenting
the most demanding case to the data handling system.

The mean values for area, height, and retention time,
along with the relative standard deviation (RSD) for
each quantity are shown in Table 1,

The mean values for retention time, peak height and
peak area are nearly identical when calculated from data
collected at 10 Hz and 20 Hz. As expected, the preci-

sion obtained from data collected at 20 Hz is slightly
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0 2 min.

FIGURE 4 Column 10cm x 4.6mm P/W RoSil Cl18 HL 3 micron. Mobile
Phase 75/25 Acetonitrile/Water. Flow 3.0ml/min 3000 PSIG. Peak 1,
Phenol; Peak 2, Benzaldehyde; Peak 3, N,N-Diethyl-m-Toulamide;
Peak 4, Toluene; Peak 5, Ethyl Benzene.

TABLE 1
Integrator Precision at Various A/D Conversion Rates#¥*

Mean Value/% RSD

Sampling Rate Retention Time Peak Peak
(Points/Sec.) (Seconds) Area Height
20 21.83 1522.55 2712.108
(0.771) (1.329) (1.271)
10 21.84 1536.92 2622.113
(0.418) (1.512) (1.497)
2 21.95 1623.90 1901.200
(1.293) (16.38) (12.34)

¥10 runs at each rate. Data for Peak 1, phenol.
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better, although the maximum RSD for 10 Hz is only
1.512%. This is acceptable precision for most applica-
tions. When the sampling rate is dropped to 2 Hz,
however, the mean values for peak height and peak area
differ greatly from those obtained at 10 and 20 Hz. The
precision at the 2 Hz rate also becomes unacceptable
(RSD>12%) .

This information suggests that the number of points
collected at the 10 Hz and 20 Hz rates provides an
adequate data base for integration with good precision.
Table 2 displays the number of data points obtained
experimentally at each sampling rate, along with the

theoretical value obtained by solving Equation (2) for

c.
[N
TABLE 2
Number of Data Points Collected at Various A/D
Conversion Rates

Sampling Rate Number of Data Points
(Points/Second) Experimental¥® Calculated¥®*¥

20 19.6 16.4

10 10.1 8.2

2 3.2 1.6

¥ Average values for 10 runs. Data for Peak 1, phenol.

#* Calculated using ¢ = 4 F Vo(l + kl), from Egn (2).
N = 11,300 plates. Q N%
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-

FIGURE 5 Phenol Peak Profile

The lack of correlation between the experimental
and calculated values may be explained by the
non-Gaussian shape of the phenol peak. The efficiency
value used in calculating C by Equation (2) was obtained
using bandwidth at 50% of peak height. This method
assumes a Gaussian peak shape, and as Figure 5 reveals,
the phenol peak has a significant tail. This leads to
an inflated value for N and a reduced value for C.
Nonetheless, Equation (2) provides a reasonable method-
for choosing sampling rate. This data indicates that a
C value of 10 - 20 points/peak (minimum) will provide

acceptable precision.
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FIGURE 6 Sampling Rate va. Flow Rate

For a typical 3 micron HSLC column 100 mm long with
12,000 plates and a Vo of 0.6 ml, then substituting in

Equation (2) with C = 20, yields Equation (3).

(3) F = 2228

A peak eluting at the void volume (k' = 0) will
require the fastest sampling rate. For HSLC with 4.6mm
columns, flow rates of up to 6 ml/min may be
encountered. Figure 6 displays the plot of sampling
rate vs. flow rate, for a peak eluting at the void

volume. For a flow rate of 6 ml/min, sampling rates of
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close to 100 Hz may be required to generate 20 data
points. Chromcard's current maximum sampling rate of 20
Hz should be adequate for most HSLC and for all
conventional HPLC. However, to provide adequate
precision and accuracy for the fastest analyses, a

system with higher sampling rates would be desirable.

DIGITAL SMOOTHING

Most commercial LC detectors incorporate some type
of analog noise filter as part of the signal electron-
ies. The purpose of these filters is to eliminate noise
at frequencies higher than that of the chromatographic
peaks. Most of these filters can be characterized by
their time constant. The time constant should be high
enough to remove short term noise without distorting the
peak shape. If a 5% increase in bandwidth due to noise
filters is deemed acceptable, then the time constant
should not exceed 32% of the peak's bandwidth,(3)
Haddad, et al., quantifies the effects of RC filters on
chromatographic efficiency and resolution.(2) As the
peak's bandwidth decreases, the effect of the noise
filters on the peak shape increases. Analog noise
filters for HSLC have been designed with small time
constants <o as not to significantly degrade peak shape.

Chromatography data systems usually include
software for smoothing digitized data. The purpose is

similar to that of analog noise filters--to remove
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spurious signals from chromatographic data. The
simplest of these numeric noise suppression methods is
the moving average. The values of several consecutive
data points are summed and divided by the number of
points collected. This average is used for the value of
the middle point in the array. The oldest point is
dropped; a new point is added, and the process is
repeated for the new array. In this manner, a "window"
moves through the data, assigning a value for the middle
data point in the window based on the past and future
points in the array. The number of points used in the
average (the size of the window) determines the extent
of the smoothing. The length of the smoothing array can
be qualitatively compared with the magnitude of the time
constant used in analog filters. The more points used
in the smoothing function, the greater the distortion of
peak shape. As the peak's bandwidth becomes smaller,
the effect of the moving average on the peak shape
becomes more significant.

The software used with Chromcard uses a modified
moving average as described by Savitsky and Golay.(H4)
The software operates on a 3, 5, or 9 point window.
Instead of calculating a simple average of the data
points, the data in the array is fitted to a quadratic
curve (y = ax2+bx+c) using a least squares approxima-

tion. A quadratic curve fit is superior to a simple
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moving average in that the quadratic function can be
fitted more correctly to a rapidly changing signal such
as a chromatographic peak. The result is better
smoothing with less distortion.

The effect of the size of the window on peak shape
is shown in Table 3. Using a 3, 5, or 9 point window,
data from the phenol peak (Fig. 4) was acquired and
smoothed with a quadratic curve fit. Peak height and
peak bandwidth (at 50%) were measured for the smoothed
data., Efficiency was calculated using the 1/2 height
method.

Inspection of bandwidth and peak height values in
Table 3 demonstrates that digital smoothing affects peak
shape in a manner similar to analog noise filters. 1If
the smoothing function begins to affect signals in the
same frequency range as the chromatographic peaks, then
the apparent bandwidth will increase, decreasing

efficiency. Peak height will decrease, affecting

Table 3

Effect of Digital Smoothing on Peak Width and Height

Points Used in Peak Peak Efficiency
Smoothing Routine Height Width (50%) (Plates)
3 3529 6.750 12,100
5 3526 6.750 12,100

9 3385 7.125 11,000
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sensitivity. In the case of the quadratic curve fit
program applied in this work, no decrease in performance
due to digital smoothing occurred for the 3 or 5 point
windows. Using 9 points, however, reduced measured
efficiency by 8.5% and peak height by 4.1%.

Unlike analog noise filters, whose characteristics
are fixed by the value and nature of their electronic
components, digital smoothing functions may take on
almost any characteristic. The virtually unlimited
ability to manipulate data through software makes this
so. The Savitsky-Golay procedure, for example, may be
modified to fit the raw data to virtually any mathema-
tical function. 1In the future, it may be possible to
dispense completely with analog signal processing in
favor of more powerful, versatile digital methods.

When applying digital smoothing to chromatographic
data, care must be taken to avoid distortion of peak
shape. When the frequency of the peaks becomes closer
to that of the noise to be eliminated, such as in HSLC,

the design of the digital smoothing becomes increasingly

important.

RAW DATA STORAGE

Chromatography data systems may be categorized
according to the way they treat raw data. So called
"on-the-fly" systems process data as it is received from

the A/D converter, determining when peaks occur and
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performing integration as the analysis takes place. Raw
data values are discarded after they are processed.
Small microprocessor based data systems usually have
been limited to operation in this mode due to the high
cost of solid state memory and the limited addressing
capacity of 8 bit processors. 1In some cases, raw peak
data can be stored in a small solid state memory buffer,
then transferred to disc when the buffer is filled. The
buffer is then filled with new data until the buffer
once again requires "dumping" to disc. Unfortunately,
transfer of data to a typical floppy disc can take up to
one full second, during which time data acquisition must
be interrupted. This places a severe limitation on
sampling rate.

Larger computers with increased memory capacity
have normally been employed for peak processing with
retention of raw data. The major advantage of raw data
retention is the ability to reanalyze the data under an
alternate set of conditions. Peak processing parameters
may be modified after the analysis to cope with unfore-
seen changes in the incoming data. For example, peak
threshold and minimum area parameters can be adjusted to
eliminate an unexpected peak from calculations.

In 1980 Reese predicted that data systems would be
developed to operate with raw data retention as the cost

of memory decreased.(5) Since that time, advances in



DATA ACQUISITION AND PROCESSING 2827

small personal computers have made fairly sophisticated
computing power available at modest costs. Relatively
inexpensive, high volume, solid state memory has also
been developed making it possible to retain a fair
amount of raw data with a microprocessor based system.

HSLC is an ideal candidate for systems of this
nature since the amount of data generated is relatively
small. Although the amount of data per unit time is
high in HSLC due to the high sampling rates, the
analyses themselves are typically quite short. 1In most
cases, the entire separation takes place in less than
ten minutes.

The data system employed in this work was equipped

with a 128K RAM memory expansion card for the purpose of

Table 4
Data Storage Capacity at Various Sampling Rates¥

Approximate Storage

Sampling Rate (Hz) Capacity (Minutes)
100 10
75 13.34
50 20
40 25
20 50
10 100

¥Based on 128K system.
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raw data storage. Table 4 shows the amount of raw
chromatographic data (in minutes) that may be stored
with 128K memory at various sampling rates. Even at
sampling rates of 100 Hz, ten minutes of raw data may be
stored in a 128K buffer. This is certainly adequate for

even the most demanding HSLC.

CONCLUSION

With the advent of HSLC, the components of the LC
system have been critically reviewed and modified to
cope with the narrow, high speed peaks produced by HSLC
columns. The data system must be viewed in the same
light. Sampling rates should be adjusted to produce a
minimum of 10 - 20 points per peak. Digital smoothing
programs should be carefully evaluated to insure that no
artificial decreases in performance are introduced.
With the advent of low cost RAM memory to complement
microcomputers, data processing with retention of raw

data is possible.
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REVERSE PHASE COLUMN
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Carcinogenesis Division
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India.

ABSTRACT

A method is described for isocratic high-
performance liquid chromatographic separation of
chlorinated phenols using methanol : phosphate
buffer - pH 7,20 (50:50) solvent system. 13 out of
15 congeners of chlorophenols and phenol have been
separated in 32 minutes at a flow rate of 0.8 ml per
minute, The system is found to be ugseful for the
separation of chlorophenols extracted from mouse
liver fed with hexachlorocyclohexane.

INTRODUCTION

Hexachlorocyclohexane (HCH) is a widely used .
pesticide in developing countries and is reported to
be carcinogenic in mice by many laboratories (1 - 3),
We in our laboratory were interested in finding out
the profile of the chlorophenols which are possible
metabolites of HCH in mouse liver - the target tissue.
Among the various separation techniques, high-
performance liquid chromatography (HPLC) with reverse
phase column 1s found to be very effective for

2829
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the separation of chlorophenols in recent years.
McLeod and Laver (4) have reported an isocratic
system for the separation of 13 out of 19 congeners
of chlorophenols using two reverse phase columns

and acetonitrile : phosphate buffer - pH 9.2, Smit et
al, (5) have separated ll congeners of chlorophenols
using tetrahydrofuran : perchloric acid = pH 3,0
solvent system., Ugland et al. (6) have successfully
resolved 18 congeners of chlorophenols using a 30
minute linear gradient from methanol : phosphate
buffer - pH 4,0 (56 : 44 to 80 : 20) as mobile phase.
Lores et al. (7) separated several chlorophenols
using methanol : acetonitrile : phosphate buffer -
pH 4,0 (40:14:46) and acetonitrile : phosphate

buffer (50:50).

The present communication reports an isocratic
HPLC separation of chlorophenols using a solvent
system consisting of methanol : phosphate buffer -
pH 7.20 (50:50). Separation of 13 congeners of
chlorophenols out of 15 and phenol is achieved by
this system with a single 018 reverse phase column.
The system has been successfully used to separate
chlorophenols extracted from mouse liver fed with
HCH, The ¢lean up procedure of the chlorophenols
from the liver and the chromatographic parameters
like retention time, response factor are discussed.

MATERIALS AND METHODS

HPLC was carried out using a Waters Associates
(Milford, Massachusettes, U.S.A.) HPLC system fitted
with a model 6000 A solvent delivery system,

p Bondapak C18 reverse phase column (30 cm X 0.29 cm),
U6K universal injector and a model 440 absorbance
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detector fitted with 254 nm filter. Chromatograms
were recorded on Omniscribe (Houston Instruments,
Austin, Texas) strip-chart recorder,

The chlorophenols were obtained from Aldrich
Chemical Co. and were purified before use, if
necessary. Stock solutions were prepared by
dissolving 4-10 mg of the compounds in 5 ml of
methanol, The stock solutions were diluted in
methanol singly or in mixture so as to get desired
standard concentrations.

Distilled E.Merck (India) G.R. grade methanol
and triple distilled water from all glass apparatus
were used for preparing solvent system.

Solvent System : Two stock solutions of 50 mM
dipotassium hydrogen phosphate and 50 mM of potassium
dihydrogen phosphate were prepared from AnalaR grade
reagent and stored at 4 %C. The stock solutions were
mixed and diluted appropriately to make a buffer of
0.5 mM strength and pH 7,20 + 0.02. Running solvent
was prepared by mixing methanol and phosphate buffer
(50:50) after filtering through appropriate Millipore
filters.

Sample Preparation ¢ Livers were collected from male
Swiss mice (B-week-old) fed with a diet containing

500 ppm HCH continuously for 2 months., Livers were
minced and the chlorophenols were extracted from it by
alkaline and acid hydrolysis followed by distillation
and extraction in toluene as described by Sackmauerova-
veningerova et al. (8)., Instead of 15 ml, 3 X 50 ml

of toluene was used. The combined toluene extract

was then concentrated to dryness using rotary vacuum
evaporator at 60 9C. The residue was taken in 2 ml
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benzene and cleaned up using Sephadex QAE Q-=25-120 anion
exchanger (Sigma) as described by Renberg (9)., The
final benzene solution was concentrated to dryness in

a stream of nitrogen at 40 °C. The residue was

then taken in 0,5 ml of running solvent and filtered
before injection,

Procedure : C,q M Bondapak column was first washed
with methanol for 15 minutes and then with running
solvent for 60 minutes at a rate of 2 ml per minute.,
The flow rate was then adjusted to 0.8 ml per minute.
Suitable aliquots of standard mixture and the samples
were injected (1-5 pl) by Hamilton syringe.

RESULTS AND DISCUSSION

Fig. 1 shows the separation of standard chloro-
phenols from a mixture using the present system.
13 out of 1% congeners of chlorophenols and phenol can
be well separated. At a flow rate of 0.8 ml per minute
32 minutes were required to elute all chlorophenols
undexr the present experimental condition., 2-chloro-
phenol eluted with 2,3,4,5-tetrachlorophenol while
2,4-dichlorophenol eluted with 2,3,4-trichlorophenol.
The column required a minimum of 60 minutes washing
for getting constant retention time of the chlorophenols,
The pH of the running solvent was very critical
in the elution pattern of the chlorophenols. Change
in pH caused change in the retention time and
co-elution of several congeners., We have tried the
separation with methanol i1 water (50:50) and
methanol : phosphate buffer (50:50) ranging from pH
6 - 8, We found that pH 7,20 + 0.02 was the optimum
pH at which maximum separation of 13 congeners of
chlorophenols and phenol was obtained, Methanol :
water and methanol : phosphate buffer - pH < 6 caused
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FIGURE 1, HPLC profile of the Chlorophenols and

Phenol (Refer Table 1 for the Congeners
of Chlorophenols).

poor resolution of the later eluting congeners,
Although separation of chlorophenols have been reported
using solvent with pH > 8 (4,10) we have not tried
solvent system with higher pH as it might damage the
reverse phase,

The retention time, response factor (peak area/
concentration) and the minimum detectable amounts of
chlorophenols at 0.0l AUFS (254 nm) are given in
Table 1, Pentachlorophenol has the maximum response
factor followed by tetrachlorophenols, trichlorophenols
and dichlorophenols, Phenol and monochlorophenols
have the least response factor, It can be noted that
ng of chlorophenols ¢an be detected at 0.01 AUFS,
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Table 1. Retention Time, Response Factor and Minimum
?etecta?le Amounts of Chlorophenols at 0,0l AUFS
254 nm

Reten- » Minimum
Peak Phenols tion Response Detect-
No. Time, Factor able
Min, amount, ng,
l. 2,3,5,6-Tetrachloro=- 3.00 72.85 5.0
2. 2,3,6-Tr10h10r0—' 3.26 67.40 5,0
3. Pentachloro- 3.66 86,65 4,0
4, 2.4,6-Trich10r0- 4,34 58,19 9.0
5. 2 'y 6-Dichl°ro - 5. 34 23. .l.O 1600
6. Phenol 5.82 7.14 35,0
7. 2-Chloro-and 8,00 4,70 40,0
2,3,4,5-Tetrachloro- 8,00 T7.65 7.0
8., 2,3,5~Trichloro=- 9,08 37.90 20,0
9., 4=Chloro-~- 9.90 4,72 45,0
10. 2,4,5-Trichloro~ 12,08 46,76 9.0
ll. 2,4-Dichloro-and 13,40 14,30 25,0
2,3,4=-Trichloro- 13,40 43,65 9.0
12, 3,4—Dich10r°- 17,08 7.19 45,0
13, 3,5-Dichloro- 22,74 11.54 40,0
14, 3,4,5=Trichloro- 31.40 30,42 25,0

#* Peak area 0m2/mg X 10'3, calculated from three
concentrations,.

Fige 2 shows the HPLC profile of the chloro-
phenols extracted from mouse liver fed with HCH, It
can be seen that 2,6-dichlorophenol was the major chloro-
phenol in the sample, Apart from this, 2,3,5,6-,
2,3,4,5-tetrachlorophenols, 2,3,6-, 2,4,6-, 2,3,5-
trichlorophenols and pentachlorophenol were present
to a lesser extent, Alkaline and acid hydrolysis
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INJECT

HO-001ABSH

24 7
3 mw‘—\/\
— AL /] 1 1 ]

4 8 12 16 20
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FIGURE 2, HPLC Profile of the Chlorophenols
Extracted from HCH Treated Mouse Liver
(Refer Table 1 for the Congeners of
Chlorophenols).

followed by distillation and solvent extraction is
reported to give good recovery of the chlorophenols
from the biological samples (8), However, we found
that some unknown compounds interfered with separation
of chlorophenol if the samples were injected directly
without QAE Sephadex ion exchange clean-up.

The present system is useful for separating most
of the congeners of chlorophenols from a mixture, It
can be used for estimating chlorophenols in biological
samples where they are present as degraded products
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of chlorinated pesticides. The method may further be
useful for the quantitation of chlorophenols in
environmental samples,
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ANNOUNCEMENT

The Biological Research Center of the Hungarian Academy of Sciences,
the Chromatography Committee of the Hungarian Academy of Sciences,
and the Hungarian Chemical Society announce a conference entitled

"ADVANCES IN LIQUID CHROMATOGRAPHY"

consisting of two parts:

-Fourth Annual American-Eastern European Symposium on Liquid
Chromatography,

-International Symposium on Thin-Layer Chromatography with
Special Emphasis on Overpressured Layer Chromatography (OPLC).

The conference will include invited papers, oral presentations,

and posters in all fields of liquid chromatography and will be
held in Szeged, Hungary on September 10-14, 1984,

A1l correspondence concerning the conference should be directed to:

-Dr. Huba Kalasz, Department of Pharmacology, Semmelweis
University of Medicine, P.0.Box 370, H-1445 Budapest, Hungary

-Dr. E. Tyihak, Research Institute for Plant Protection, P.O.
Box 102, H-1525 Budapest, Hungary.

2839



2840 ANNOUNCEMENTS

ANNOUNCEMENT
14th NORTHEAST REGIONAL ACS MEETING
June 10-14, 1984
Fairfield University
Fairfield, Connecticut
Symposia

Applications of Molecular Orbi- Chem'1 Separations & Identifica-

tal Theory tions
Chem'1 Education Towards the The Future of the US Comodity &

21st Century Specialty Chemicals Industry
Chemical Technicians Hazardous Waste Management
Computers in Chemistry Medicinal Chemistry
Organometallic Chemistry Physical Organic Chemistry
Synthetic Organic Chemistry Water Soluble Polymers

General Sessions

Analytical Chemistry, Biochemistry, Environmental, Inorganic
Chemistry, Physical Chemistry.

The deadline for abstracts is January 15, 1984, Abstracts should be
submitted to Miss Linda Somma, P.0.Box 2559, Waterbury, CT, 06725.
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LC NEWS

FAST FLOW ION EXCHANGE GELS offer significant <improvements in
processing speed and througput for large scale use. The gels are
derived from DEAE- and CM-Sepharose gels via modification of the
cross-linking that results in improved mechanical strength.
Pharmacia Fine Chemicals, Inc., JLC/83/14, 800 Centennial Avenue,
Piscataway, NJ, 08854, USA.

ALKYLPHENONE HPLC INTERNAL STANDARD KIT consists of a family of
neutral compounds whose retention volumes will not be aff fected by
solvent modifiers or acidic/basic buffers. Due to their wide
solubility range, they can be used with polar and non-polar
solvents. Pierce Chemical Co., JLC/83/14, P.0.Box 117, Rockford,
IL, 61105, USA

STRONG ANION EXCHANGE COLUMNS FOR HPLC are prepared by bonding an
organic quaternary nitrogen via Si-C bonds to spherical silica.
The columns are said to resist deterioration in aqueous, polar and
low pH mobile phases. Phase Separations, Inc., JLC/83/14, River
View Plaza, 16 River Street, Norwalk, CT, 06850, USA.

IMPROVED BIOPOLYMER YIELDS are claimed for an ion exchange 25 liter
column bed capable of absorbing up to 2 kg of biopolymer.
According to the manufacturer, packing and separation can be
accomplished in a single shift. The column is made of transparent
PVC to afford direct view of the column bed, allowing early
detection of bed cracking. Whatman Chemical Separation, JLC/83/14,
9 Bridewell Place, Clifton, NJ, 07014, USA.

REACTIVATION SOLUTION RESTORES SILICA COLUMNS following
water-deactivation during normal phase LC. The three~component
solution provides a cost-saving treatment which avoids a lengthy
series of multiple solvent washes and reduces down time. Burdick &
Jackson Labs.,

LC/83/14, 1953 S. Harvey Street, Muekegon, MI, 49442, USA.

DIGITAL MICROPIPETTOR 1is a positive displacement device with a
digital display, 1is easily set and secured at a precise volume.
Sample volumes are unaffected by surface tension, viscosity, vapor
pressure or density. No calibration for each reagent is necessary.
Labindustries, JLC/83/14, 620 Hearst Avenue, Berkeley, CA, 94710,
USA.
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REVERSED-PHASE 0DS COLUMNS are constructed of stainless steel with
a highly polished dinterjor surface. They are packed with
Spherisorb 0DS-I1I, a spherical silica of very narrow particle size
distribution. It is coated with a C18 function and is fully end
capped. Columns are guaranteed to deliver 50,000 to 80,000 plates
per meter. HPLC Specialties, JLC/83/14, P. 0. Box 484, Edmond, OK,
73083, USA.

PHENOLS IN WATER are determined by isocratic mode LC. A large
volume of water 1is injected onto a reversed-phase column, and
eluted with a 40:60 acetonitrile/water mobile phase. Detection is
at 200 nm down to less than 0.001 ppm. Pye Unicam Ltd., JLC/83/14,
York Street, Cambridge CB1 2PX, England.

ULTRA-RESOLUTION IN GPC ANALYSIS is offered by a new generation of
GPC columns for polymer analysis and testing. They are available
in 500, 1,000, 10,000, and 100,000 angstroms exclusion limits as
well as a mixed-bed column that provides ultra-resolution from less
than 100 to well over 20 million Daltons. They are available
packed 1in any of several commonly used GPC solvents and 1in many
polymer solvents not generally available with GPC columns. Jordi
Associates, Inc., JLC/83/14, 397 Village Street, Millis, MA, 02054,
USA.

PROTEIN ANALYSIS LC 1is described in a recent brochure. Four
separation mechanisms are used--ion exchange, gel filtration,
reverse phase, and hydroxyapatite fractionation. The methods allow
identification and quantitation of components that might not be
amenable to any single mechanism. Bio-Rad Labs, JLC/83/14, 2200
Wright Avenue, Richmond, CA, 94804, USA.

AUTOMATED TLC SAMPLE APPLICATOR consists of a control unit and the
actual applicator. The control unit is a Z-80 microprocessor-based
device that holds 8 sample application modes, five of which are
user programmable. Sample volumes from 100 nL to 20 microlL may be
applied. Applied Analytical Industries, JLC/83/14, Route 6, Box
55, New Hanover Air Park, Wilmington, NC, 28405, USA.

THIN~LAYER CELL FOR ELECTROCHEMICAL DETECTION allows placement of
the auxilliary electrode both downstream and across from the
working electrode. A highly polished stainless steel top extends
cell life, permits compatibility with new "high speed" columns, and
allows for connection of low dead volume fittings for use with
micro columns. Bioanalytical Systems, Inc., JLC/83/14, 1205 Kent
Avenue, Purdue Research Park, West Lafayette, IN, 47906, USA.

LIQUID PROCESSING UNIT can be used to feed most analytical
instruments. It performs all of the crucial sample pickup, mixing
and dispensing operations. A pair of syringes whose plungers are
driven by a stepper motor and precision ball lead screws, a mixing
chamber, and a hand-held control unit are the principal working
parts. A computer program directs all operations. Processing
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parameters such as time, volume, ratios, and increments are entered
thru the control unit and become a part of an individual routine
program. Hamilton Company, JLC/83/14, P. 0. Box 10030, Reno, NV,
89510, USA.

PREPARATIVE SPHERICAL SUPPORTS are said to provide resolution and
loading characteristics approaching those of microparticulate
columns. They are available in 30 micron particles for don
exchange, reversed phase, and hydrophobic interaction
chromatography of proteins. SynChrom, Inc., JLC/83/14, P.0.Box
110, Linden, IN, 47955, USA.
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LC CALENDAR

1983

DECEMBER 6-7 and 8-9: Electrofocusing and Electrophoresis
Workshop, Los Angeles, CA, USA. Contact: Workshop Registrar, LKB
Instruments, Inc., 9319 Gaither Road, Gaithersburg, MD, 20877,
USA.

1984

JANUARY  19-20: Workshop: "Low Dispersion Liquid Chromatography,"
The Free University of Amsterdam, The Netherlands. Contact: LDLC
Workshop Office, Dept. of Analytical Chem., The Free University,
DeBoelelaan 1083, 1081 HV Amsterdam, The Netherlands.

FEBRUARY 12-16: 14th Australian Polymer Symposium, 01d Ballarat
Travel Inn, Ballarat, Australia, sponsored by the Polymer Div.,
Royal Australian Chemical Inst. Contact: Dr. G. B. Guise, RACI
Polymer Div., P. 0. Box 224, Belmont, Victoria 3216, Australia.

FEBRUARY 20-22: International Symposium on HPLC in the Biological
Sciences, Regent Hotel, Melbourne, Australia. Contact: The
Secretary, Int'l Symposium on HPLC in the Biological Sciences, St,
Vincent's School of Medical Research, 41 Victoria Parade, Fitzroy
3065, Victoria, Australia.

APRIL 8-13: National ACS Meeting, St. Louis, MO. Contact:
Meetings, ACS, 1155 16th Street, NW, Washington, DC, 20036, USA.

MAY 20 - 26: 8th Intl. Symposium on Column Liquid Chromatography,
New York Statler Hotel, New York City. Contact: Prof. Cs.
Horvath, Yale University, Dept. of Chem. Eng., P. 0. Box 2159,
Yale Stn., New Haven, CT, 06520, USA.

JUNE 18-21: Symposium on Liquid Chromatography in the Biological
Sciences, Ronneby, Sweden, sponsored by The Swedish Academy of
Pharmaceutical Sciences. Contact: Swedish Academy of
Pharmaceutical Sciences, P. 0. Box 1136, S-111 81 Stockholm,
Sweden.
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AUGUST 26-31: National ACS Meeting, Philadelphia, PA. Contact:
Meetings, ACS, 1155 16th Street, NW, Washington, DC, 20036, USA.

SEPTEMBER 10-14: Advances in Liquid Chromatography, including the
4th Annual American-Eastern European Symposium on LC and the Int'l
Symposium on TLC with Special Emphasis on Overpressured Layer
Chromatography, sponsored by the Hungarian Academy of Sciences'
Chromatography Committee & Biological Research Center and the
Hungarian Chemical Society, in Szeged, Hungary. Contact: Dr. H.
Kalasz, Dept. of Pharmacology, Semmelweis University of Medicine,
P.0.Box 370, H-1445 Budapest, Hungary, or Dr. E. Tyihak, Research
Inst. for Plant Protection, P.0.Box 102, H-1525 Budapest, Hungary.

OCTOBER 1-5: 15th Int'l. Sympos. on Chromatography, Nurenberg,
West Germany. Contact: K. Begitt, Ges. Deutscher Chemiker,
Postfach 90 04 40, D-6000 Frankfurt Main, West Germany.

DECEMBER 16-21: International Chemical Congress of Pacific Basin
Societies, Honolulu, Hawaii, sponsored by the Chemical Inst. of
Canada, Chemical Soc. of Japan, and the American Chem. Soc.
Contact: PAC CHEM '84, International Activities Office, American
Chem. Soc., 1155 Sixteenth St., NW, Washington, DC, 20036, USA.

1985

FEBRUARY 11-14: Polymer 85, Int'l Symposium on Characterization
and Analysis of Polymers, Monash University, Melbourne, Australia,
sponsored by the Polymer Div., Royal Australian Chemical Inst.
Contact: Polymer 85, RACI, 191 Royal Parade, Parkville Victoria
3052, Australia.

APRIL 28 - MAY 3: 189th National ACS Meeting, Miami Beach.
Contact: A. T. Winstead, ACS, 1155 16th Street, NW, Washington,
DC, 20036, USA.

JuLY 1-5: Ninth International Symposium on Column Liquid
Chromatography, sponsored by the Chromatography Discussion Group
and by the Royal Society of Chemistry's Chromatography &
Electrophoresis Group, Edinburgh, Scotland. Contact: Prof. J. H.
Knox, 9th ISCLC Secretariat, 26 Albany Street, Edinburgh, EHT 3QH,
Great Britain.

SEPTEMBER 8-13: 190th National ACS Meeting, Chicago. Contact: A.
T. Winstead, ACS, 1155 16th Street, NW, Washington, DC, 20036, USA
1986

APRIL 6-11: 191st National Am. Chem. Soc. Mtng., Atlantic City,
NJ. Contact: A. T. Winstead, ACS, 1155 16th Streeet, NW,
Washington, DC, 20036, USA.
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SEPTEMBER 7-12: 192nd National Am. Chem. Soc. Mtng., Anaheim,
Calif. Contact: A. T. Winstead, ACS, 1155 16th Street, NW,
Washington, DC, 20036, USA

1987

APRIL 5-10: 193rd National Am. Chem. Soc. Mtng., Denver, Colo.
Contact: A. T. Winstead, ACS, 1155 16th Street, NW, Washington,
DC, 20036, USA.

AUGUST 30 - SEPTEMBER 4: 194th National Am. Chem. Soc. Mtng., New
Orleans, LA. Contact: A. T. Winstead, ACS, 1155 16th Street, NW,
Washington, DC, 20036, USA.

The Journal of Liquid Chromatography will publish
announcements of interest to liquid chromatographers
in every issue of the Journal. To be listed in the
LC Calendar, we will need to know: Name of the
meeting or symposium, sponsoring organization, when
and where it will be held, and whom to contact for
additional details. You are invited to send
announcements to Dr. Jack Cazes, Editor, Journal of
Liquid Chromatography, P. 0. Box 1440-SMS, Fairfield,
CT, 06430, USA.
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A

2-AAF. See 2-Acetylaminofluorene
(2—-AAF)

2-Acetylaminofluorene (2-AAF), in
laboratory diets, determina-
tion of by HPLC, 367-373

Acetylated cellulose, separation
of amino acids on RP~-TLC
plates of, 95-108

Acids

HPLC determination of for oenol-
ogy, $153-58158
See also Arachidonic acid; Aro-

matic acids; Ascorbic acid;
Barbitoric acid; Dehydro-
ascorbic acid; Iodoamino
acid; Organic acids

Acrylic latexes, determination of
gel content of by SEC, 667-
683

Adenine, in cacao products, iden-
tification of by HPLC, 927-
930

Adhesives, pressure sensitive, use
of multiple detector SEC in
determination of aging in,
2723-2737

Adrenaline, dansyl derivatives of,
chemiluminescence detector
for trace determination of,
1603~-1616

Adsorbent, role of surface area
of, in TLC, 2665-2677

Adsorption behavior

of metal ions in aqueous HCL
systems using stannic ar-
senate layers, determina-
tion of by TLC, 1253-1264
of solvents with molecules of
different polarity, 63-71
Adsorption effects, in GPC, 1385-
1394
AEC. See Anion exchange chroma-
tography (AEC)
Aflatoxins, HPLC determination of
for oenology, S167
Aging, of pressure sensitive ad-
hesives, use of multiple de-
tector SEC in determination
of, 2723-2737
Air pollutants. See Amines; For-
maldehyde; Isocyanates
Alcohols, polymeric permanganate
oxidation of, in HPLC with
solid phase reactor, 2109-
2127
Aldehydes
determination of, by RP-HPLC
with fluorescence detection,
425-444
polymeric permanganate, oxida~
tion of in HPLC with solid
phase reactor, 2109-2127
n-Alkyl chain length. See Chain
length, n-alkyl
Aluminum, in alloys and silicate
rocks, quantitative determi-
nation of after cation-ex-
change separation on zirco-

Note: Numbers with an "S" prefix indicate entries appearing in Sup-

plements 1 and 2 of Volume 6.

2857



2858

[Aluminum]
nium(IV) phospho and silico
arsenates, 1535-1545
Aluminum hydroxide, separation of
organic acids on papers im~
pregnated with, 973-981
o—~Amanitin, in serum, separation
of, by RP-HPLC, 551-558
Amine metabolites, automated anal-
ysis of brain extracts for,
by HPLC, 871-886
Amine modifiers, determination of
salbutamol by RP-HPLC with,
1955-1967
Amines
analysis of impurities in, by
RP-HPLC using binary and
ternary solvent mixtures,
311-323
carcinogenic, determination of
in work atmosphere by RP-
HPLC, 453-469
in beer, determination of, by
RP-HPLC with laser fluores-—
cence, 931-938
separation of, on papers impreg-
nated with zinc silicate,
959-972
See also Biogenic amines; Bio-
genic amine metabolites
Amino acid mixtures, separation of
glutathione from, by TLC,
2635-2645
Amino acids
chemiluminescence detector for
trace determination of,
1603-1616
conversion of in membrane reac-
tor, HPLC in combination
with dansylation technique
for monitoring, 1395-1405
electrochemical detection of, at
platinum electrode in alka-
line chromatographic efflu-
ent, 1727-1743
HPLC determination of for oenol-
ogy, S167-5168
separation of by TLC on stannic
tungstate, 109-122
separation of on RP-TLC plates,
95-108
Amino acid sequence, of 12K frag-
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ment of avian sarcoma virus
structural protein p27, de-
termination of using HPLC,
249-258
bonded phase column. See
Column, amino bonded phase
coumarin dyes. See Dyes,
amino coumarin
S§-2—-(3-Aminopropylamino)ethyl
phosphorothioate. See Ra-
dioprotective drug
Amperometric detection
pulsed, determination of carbo-
hydrates by AEC, with, 1577-
1590
See also Coulometric-amperomet-—
ric detection
Analgesics, in serum and urine,
determination of by LCEC,
2311-2335
Androgen acetates, separation of
by HPLC, 1987-1995
Animal feed, analysis of diazepam
in, by HPLC, 2557-2564
Anion-exchange chromatography
(AEC), with pulsed ampero-
metric detection, determi-
nation of carbohydrates by,
1577-1590
Anion-exchange extraction, assay
of azocillin and mezlocillin
by HPLC with, 2513-2520
Anionic surfactants. See Surfac-
tants, anionic, cationic,
and nonionic
Antibiotics
in biological fluids, analysis
of by HPLC, S$251-5293
See also Azocillin; Mezlocilling;
Penicillins; Piperacillin
Anticonvulsant bensodiazepine. See
Clonazepam
Antidiabetic compounds, potential,
identification of by TLC,
2661-2664
Arachidonic acid, separation of
by one-dimensional TLC, 55-
62
Arbaprostil, separation of by
HPLC, 1499-1511

Amino

Anmino
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Arene oxides, K-region, of dia-
stereoisomeric glutathione
adducts, separation of by
RP-HPLC, 1693-1704

Aromatase, hypothalamic, rapid as-
say for, using HPLC, 861-870

Aromatic acids, chromatographic
behavior of on macroporous
ion-exchange resin, 1081-
1097

Aromatic isocyanates. See Isocya-
nates, aromatic

Aromatic sulfonic acids. See Sul-
fonic acids, aromatic

Arsenates, zirconium(IV) phospho
and silico, quantitative de-
termination of iron and alu-
minum in alloys and silicate
rocks after cation-exchange
separation on, 1535-1545

Ascorbic acid, determination of by
RP-HPLC, 1319-1332

Automated analyses, of brain ex-—

tracts for dopamine, seroto-

nin, and amine metabolites

by HPLC, 871-886

sarcoma virus, amino acid

sequence of 12K fragment of

structural protein p27 of,
determination of using HPLC,

249-258

Azocillin, assay of by HPLC with
anion—-exchange extraction,
2513-2520

Avian

B

Bacteria, analysis of phospholipid
composition of, by TLC,
2699-2707

Barbituric acid, derivatives of,

correlation of chromato-

graphic parameters for,

with modified valence con-

nectivity index, 73-80

determination of amines in

by RP-HPLC with laser fluo-

rescence, 931-938

Biogenic amine metabolites, deter-
mination of by micro-HPLC

Beer,
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with dual electrochemical
detection, 1907-1925
Biogenic amines
gradient elution of, in ion-
pair RP-HPLC with electro-
chemical and fluorometric
detection, 2255-2274
HPLC determination of for oenol-
ogy, S159-5160
Biological fluids
analysis of antibiotics in, by
HPLC, S5251-5293
analysis of drugs in, by HPLC
using flow programming,
1949-1954
analysis of indenolol in, by
HPLC, 2785-2795
analysis of phospholipids in,
using TLC, 179-192
determination of chloroquine
and desethylchloroquine in,
by HPLC, 1513-1522
determination of reserpine and
trichlormethiazide in, by
micro-HPLC, 2383-2409
Biological samples
determination of pharmaceuticals
in, by LCEC, 2209-2230
determination of a—tocopherol
in by HPLC, 1123-1130
Biopterin, in tissue samples, de-
termination of using ion-
pair RP-HPLC with electro-
chemical detection, 1863-
1872
Biphenyl, determination of in cit-
rus fruits, by TLC, 2679-
2685
2,2'-Bipyridine complexes, sepa-
ration of nickle and iron
‘complexes as, with ion pair
HPLC, 1073-1080
Blocking agent, B-adrenergic. See
Indenolol hydrochloride
Blood
determination of chlormethiazole
in by RP-HPLC, 907-916
See also Biological fluids
Blood elements, isolation of gly-
colipids from, for 1liquid
chromatography, 2647-2660
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Bonded phases, octyl and diphenyl,
separation of protein and
peptides by HPLC on, 2465~
2499

Borohydride/silica reductions. See
Reductions, borohydride/sil-
ica

Brain indoleamine metabolites, of
tryptophan, fluorometric de-
termination of by ion pair
HPLC, 527-541

Brain tissue

analysis of trace amounts of
catecholamines in, by LCEC,
2337-2351

See also Mouse brain

Bricanyl. See Terbutaline

Buffers, effect of on retention
behavior of ionogenic spe-
cies in RP-HPLC, 684-704

C

Cacao products, identification of
adenine in by HPLC, 927-930
Cadmium hydroxide, separation of
organic acids on papers im-
pregnated with, 973-981
Caffeine metabolites, separation
of by HPLC, 895-906
Calibration, dispersion-compen-
sated, for GPC, 401-424
Carbamates, separation of using
TLC on plates impregnated
with zinc acetate, 139-143
Carbohydrates
determination of by AEC with
pulsed amperometric detec—
tion, 1577-1590
evaluation of eluent recycling
and column life for HPLC
analysis of, 1139-1151
Carbon electrodes. See Electrodes,
carbon
Carbon packings
application of, S29-831
chromatographic studies on, S14-
529
preparation of, S4-S13
use of in HPLC, S1-S36
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Carbonyl compounds
HPLC determination of for oenol-
ogy, S160-S161
on—-line HPLC derivatizations
via borohydride/silica re-—
ductions for, 1015-1036
polymeric reductions for, by RP-
HPLC, solid phase derivati-
zation reactions in, 605-626
Carboxylic acids, low molecular
weight, in water, determi-
nation of by RP-HPLC with
conductivity detection,
705-714
Catecholamines
high-speed analysis of, using
LCEC, 2335-2373
trace amounts of in brain tissue,
analysis of by LCEC, 2337-
2351
Cation-exchange separation, on
zirconium(IV) phospho and
silico arsenates, quantita-
tive determination of iron
and aluminum in alloys and
silicate rocks after, 1534-
1545
Cationic surfactants. See Surfac-
tants, anionic, cationic
and nonionic
Cefamandole, in serum, determina-
tion of by HPLC, 2747-2759
Cefoperazone, in plasma, urine,
and CSF, microassay for by
RP-HPLC, 743-754
Cell extracts, analysis of deox-
ythymidine in, by RP-HPLC,
655-666
Cellulose. See Acetylated cellu~-
lose
Cephalosporin C, separation uf by
ligand exchange chromatog-—
raphy, 2543-2556
Cerebrospinal fluid
determination of piperacillin
in by RP-HPLC, 575-583
microassay for cefoperazone in
by RP-HPLC, 743-754
g-Chain, of hemoglobins, separa-
tion of tryptic peptides of
by RP-HPLC, 199-213
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Chain length, n-alkyl, influence
of on protein retention,
resolution, and recovery in
RP-HPLC, 497-510

Chelates, nickle and iron, sepa-
ration of as 2,2'-bipyridine
complexes with ion pair
HPLC, 1073-1080

Chemiluminescence detector, for
trace determination of flu-
orescent compounds, 1603-
1616

Chemotherapy agents, platinum—-de-
rived, dual electrode LCEC
for, 2173-2194

Chlormethiazole, in blood, deter-
mination of by RP-HPLC, 907~
916

l-m~Chlorophenylpiperazine, in
plasma, determination of by
LCEC, 2195-2208

Chloroquine, in biological fluids,
determination of by HPLC,
1513-1522

Chromatographic behavior

of aromatic acids on macroporous
ion-exchange resin, 1081-
1097

of metal ions on TBP impregnated
silica gel-G layers, 165-177

Chromatographic effluent, alka-
line, electrochemical detec-
tion of amino acids with
platinum electrode in, 1727-
1743

Chromatographic mobility, of te-
buthiuron and related thia-
diazoles, relationship of to
structure, 1221-1226

Chromatographic papers

aluminum and cadmium hydroxide,
separation of organic acids
on, 973-981

ferric phosphate, separation of
drugs on, 1153-1162

zinc silicate, separation of
amines on, 959-972

Chromatographic parameters, for
barbituric acid derivatives,
correlation of with modified
valence connectivity index,
73-80
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Chromatography (book review),
2129-2130
Chromatography discussion groups
(announcement), 2131
Chromatotron, isolation of glyco-
alkaloids with and HPLC,
281-289
Citrus fruits, determination of
biphenyl in, by TLC, 2679-
2685
Clonazepan
determination of in human plas-
ma by HPLC, 301-310
and metabolites, separation of
by RP-HPLC, 585-598
H-Coal liquids, fractionation of
by polyvinylacetate GPC,
1935-1948
Cocoa beans, determination of io-
dine in by anion HPLC, 2067~
2077
Column life, evaluation of for
HPLC analysis of carbohy-
drates, 1139-1151
Columns
amino bonded phase, study of
polynuclear aromatic hydro-
carbons on, 471-495
comparative evaluation of for
analysis of drugs of foren-
sic interest by ion-pair RP-
HPLC, 1617-1630
high efficiency, for HPLC, 765-
775
microbore. See High performance
(pressure) liquid chroma-
tography (HPLC), micro
short, containing ODS particles,
separation of polycyclic
aromatic hydrocarbons by
HPLC, using, 1375-1383
tin (IV)~iodophosphate, synthe-
sis and ion exchange prop-
erties of, 777-794
twin phase, ion exchange, and
reverse phase, separation
of organic acid in plant
tissue by HPLC with, 1705-
1716
Complex formation, of monomeric
phosphorus oxoacids with so-
dium ion in DEC, 755-763
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Computers
control of HPLC by, hardware
for, 2095-2108
use of for data acquisition and

analysis for SEC, 1037-1063

Conductivity detection, determina-
tion of low molecular weight
carboxylic acids by RP-HPLC
with, 705-714

Corticosteroids, detection of by
fluorimetric method using
post—-column derivatization
with glycinamide, 1131-1138

Cotton bracts, determination of
lacinilene C 7-methyl ether
in, by HPLC, 917-926

Coulometric-amperometric detec-
tion, thyroid hormone assay
using, 2275-2310

Crystalline quartz detector, for
HPLC, 1275-1289

Cyclopentylphenol, separation of
isomers of by TLC, 1171~
1174

Cytochrome C-derived peptides. See
Peptides, cytochrome-C de-—
rived

D

Dansylation technique, in combina-
tion with HPLC for monitor-
ing amino acid conversion in
membrane reactor, 1395-1405

Data acquisition and analysis,
computer assisted, for SEC,
1047-1063

DEC. See Donnan exclusion chroma-
tography (DEC)

Degradation, of tetrahyroisoquino-
lines, determination of ef-
fect of temperature on, by
HPLC, 343-352

Dehydroascorbic acid, determina-
tion of by RP-HPLC, 1319-
1332

Densitometry

determination of pulegone in He-
deoma pulegiocides and pep-—
permint oil by TLC with,
1175-1182
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RP-TLC with, quantitation of
herbicides by, using Brat-
ton-Marshall detection rea-
gent, 1183~1192

Deoxynivalenol. See Vomitoxin

Deoxyriboducleosides, separation
of by RP-HPLC using tetra-
butylammonium hetaerons,
1673-1691

Deoxythymidine, in cell extracts,
analysis of by RP-HPLC, 655~
666

Derivatization

determination of penicillins by
HPLC with, 2019-2031

in HPLC, solid phase reactions
for, §125-S151

on—line HPLC, via borohydride/
silica reductions for car-
bonyl compounds, 1015-~1036

post—column, with glycinamide,
detection of corticosteroids
by fluorimetric method us-
ing, 1131-1138

Derivatization reactions

polymer supported, in HPLC,
$137-8139

gsolid phase, in polymeric re-
ductions for carbonyl com-
pounds by RP-HPLC, 605-626

Desethylchloroquine, in biologi-
cal fluids, determination
of by HPLC, 1513-1522
Detection reagent

Bratton-Marshall, quantitation
of herbicides by RP-TLC
with densitometry, using,
1183~1192

comparison of for lipid and
phospholipid detection and
densitometry on solica gel
and Cig thin layers, 1193-
1211

Detectlion systems. See Post—column
reactors
Diastereoisomeric glutathione
separation of adducts of K-re-
gion arene oxides of, by
RP-HPLC, 1693-1704
separation of styrene oxide ad-
ducts of, by HPLC, 1475-
1489
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Diastereoisomeric impurities. See
Impurities, enatiomeric and
diastereoisomeric

Diazepam, in animal feed, analy-
sis of by HPLC, 2557-2564

Differential refractometer (RI),
for quantitative analysis in
HPLC, effect of temperature
on response of, 813-824

Digital smoothing, effect of on
HSLC, 2809-2828

Digoxin, detection of by tensam-
metry in RP-HPLC, 1745-1758

Diphenyl bonded phase, separation
of proteins and peptides by
HPLC om, 2465-2499

Dispersion—compensated calibra-’
tion. See Calibration, dis-
persion compensated

Dithiolthiones, determination of
by HPLC, 1275-1289

Donnan exclusion chromatography
(DEC)

complex formation of monomeric
phosphorus oxoacids with so—
dium ion in, 755-763

elution behavior of organic
acids in, 271-280

Dopamine, automated analysis of
brain extracts for by HPLC,
871-886

Drift, in electrochemical detec-
tors with solid electrodes,
2231-2254

Drugs

in biological fluids, analysis
of by HPLC using flow pro-
gramming, 1949-1954

of forensic interest, analysis
of by ion-pair RP-HPLC, com—
parative evaluation of col-
umns for, 1617-1630

separation of, on ferric phos-
phate papers, 1153-1162

standardized analysis of by ion-
pair HPLC, 2521-2541

See also Pharmaceuticals; Radio-
protective drug; Sulpha
drugs

Dual electrochemical detection.
See Electrochemical detec-—
tion, dual
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Dual electrode LCEC, for platinum-—
derived chemotherapy agents,
2173-2194

Dyes, amino coumarin, purification
of by RP-HPLC, 951-958

E

Eastern analytical symposium (an-
nouncement), 397-398
Ecdysteroids, of boll weevil, de-
termination of by HPLC,
2055-2066
Electrochemical detection
of amino acids at platinum elec-
trode in alkaline chromato-
graphic effluent, 1727-1743
assay of MHPG by HPLC with,
1997-2003
determination of biopterin in
tissue samples using ion-
pair RP-HPLC with, 1863-1872
determination of phenylenedia-
mines by HPLC with, 1897-
1905
determination of ritodrine in
plasma by HPLC with, 2775-
2783
determination of uric acid in
human serum by RP-HPLC
with, 2739-2746
determination of voltammetry
in striatum by HPLC with,
1873-1896
dual, determination of biogenic
amine metabolites by micro-
HPLC with, 1907-1925
ion-pair partition RP-HPLC
with, gradient elution of
biogenic amines in, 2255-
2274
leak-tight glassy carbon elec-
trodes for, 1849-1861
separation of thyromimetic io-
doamino acids by gradient
elution RP-HPLC with, 511-
526
simultaneous determination of
metals in zinc sulfate plant
electrolyte using RP-HPLC
with, 1799-1822
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[Electrochemical detection]

See also High performance (pres-
sure) liquid chromatography
(HPLC), with electrochemical
detection; Liquid chromatog—
raphy with electrichemical
detection (LCEC)

Electrochemical detectors, with
solid electrodes noise and
drift in, 2231-2254

Electrodes

carbon

composite, for LCEC, 2157-2172

leak-tight glassy, for elec-
trochemical detection, 1849-
1861

platinum, in alkaline chromato-
graphic effluent, electro-
chemical detection of amino
acids with, 1727-1743

solid, noise and drift in elec-
trochemical detectors with,
2231-2254

Electrokinetic detection

of quaternary ammonium ion-pairs
of volatile fatty acids in
RP-HPLC, 1837-1848

of volatile fatty acids in RP-
HPLC, 1823-1835

Eluent recycling, evaluation of
for HPLC analysis of carbo-
hydrates, 1139-1151

Elution behavior, of organic acids
in DEC, 271-280

Elution volumes, effect of flow
rate on in SEC, S$219-5249

Emulgen 911

removal of from solubilized mi-
crosomes by HPLC, 1459-1473

See also Surfactants

Enatiomeric impurities. See Im-
purities, enatiomeric and
diastereoisomeric

Engine coolants, determination of
sodium tolyltriazole -and so-
dium mercaptobenzothiazole
in by HPLC, 805-812

Enzyme immunoassay. See Immunoas-
say, enzyme

Ephedrine. See Amines

Epimeric guailanolides. See Guaian-
olides, epimeric
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Ethylene glycol, oligomeric mix-—~
tures of, analysis of by
HPLC, 2797-2807

Excretion patterns, of urinary
phenolic compounds, deter-
mination of by HPLC, 375-
381

F

Fast Fourier transform (FFT), cor-
rection of instrumental
broadening in SEC by, 2411-
2431

Fatty acids, volatile

electrokinetic detection of,
in RP-HPLC, 1823-1835

quaternary ammonium ion-pairs
of, electrokinetic detec-
tion of in RP-HPLC, 1837-
1848

Fenitrothion, determination of in
pesticides by HPLC, 353-365

Fermentations, process control of
by HPTLC, 1227-1238

Ferric phosphate, separation of
drugs on papers impregnated
with, 1153-1162

FFF. See Field-flow fractionation

(FFF)
See Fast Fourier transform
(FFT)
Field-flow fractionation (FFF)
sedimentation-flotation focus-
ing, in channels with modu-
lated cross-sectional per-
meability, theory of, 1559-
1576
See also Fractionation

Flavonoids, analysis of, by HPLC,
$105-5118

Flow programming, analysis of
drugs in blological fluids
by HPLC using, 1949-1954

Flow rate, effect of on elution
volumes in SEC, S219-5249

Flow-through detector, polaro-
graphiec, 1759-1776

Fluorescence detection

determination of 6B-hydroxycor-
tisol in urine by HPCL with,
1977-1985

FFT.
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[Fluorescence detection]
determination of formaldehyde by
RP-HPLC with, 425-444
determination of reserpine in
plasma by liquid chromatog-
raphy with, 1111-1122
Fluorimetric method, using post-
column derivatization with
glycinamide, detection of
corticosteroids by, 1131~
1138
Fluorometric detection, ion-pair
partition RP-HPLC with, gra-
dient elution of biogenic
amines in, 2255-2274
Formaldehyde, determination of by
RP-HPLC with fluorescence
detection, 425-444
Fractionation
of polymers by RP-TLC, 1-22
See also Field-flow fractiona-
tion
Fractogel. See Gel permeation
chromatography (GPC), poly-
vinylacetate

G

Gel content, of acrylic latexes,
determination of by SEC,
667-683

Gel permeation chromatography
(GPC)

dispersion—compensated calibra-—
tion for, 401-424

polyvinylacetate, fractionation
of H-coal liquids by, 1935~
1948

solvation and adsorption effects
in, 1385-1394

use of Mark-Houwink constants
in, 2433-2463

Glutamic acid decarboxylase, mi-
croassay for, using ion-ex-
change TLC, 127-137

Glutathione

separation of from amino acid
mixtures by TLC, 2635-2645

See also Diastereoisomeric glu-
tathione

Glycinamide, detection of cortico-
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steroids by fluorimetric
method using post-column
derivatization with, 1131~
1138

Glycoalkaloids, isolation of with
chromatotron and HPLC, 281-
289

Glycolipids, isolation of from
blood elements for liquid
chromatography, 2647-2660

GPC. See Gel permeation chroma—
tography (GPC)

Gradient elution, of biogenic
amines, in ion-pair RP-HPLC
with electrochemical and
fluorometric detection,
2255-2274

Guaianolides, epimeric, separation
of by preparative HPLC,
543-550

H

Hardware, for computer controlled
HPLC, 2095-2108
Hedeoma pulegioides, determination

of pulegone in by TLC with
densitometry, 1175-1182
Hemoglobins, separation of tryp-
tic peptides of B-chain of
by RP-HPLC, 199-213
Herbicides, urea, carbamate, and
anilide, quantitation of by
RP-TLC with densitometry
using Bratton-Marshall de-
tection reagent, 1183-1192
hGH. See Human growth hormone
(hGH)
High performance (pressure) liquid
chromatography (HPLC)
analysis of antibiotics in bio-
logical fluids by, S251-5293
analysis of carbohydrates by,
evaluation of eluent recy-
cling and column life for,
1139-1151
analysis of diazepam in animal
feed by, 2557-2564
analysis of flavonoids by,
$105-5118
analysis of indenolol in bio-
logical fluids by, 2785-2795
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[High performance (pressure) liq-

uid chromatography (HPLC)]

analysis of oligomeric ethylene
glycol mixtures by, 2797-
2807

analysis of pentazocine and tri-
pelennamine in combination
by, 2005-2017

with anion-exchange extraction,
assay of azocillin and mez-
loecillin by, 2513-2520

automated analyses of brain ex-
tracts for dopamine, seroto-
nin, and amine metabolites
by, 871-886

carbon as packing material in,
S1-836

combined with dansylation tech-
nique for monitoring amino
acid conversion in membrane
reactor, 1395-1405

combined with 125I-labeled pep-
tide mapping, separation of
proteins of Neigseria gonor-
rhoeae by, 1421-1439

computer controlled, hardware
for, 2095-2108

crystalline quartz, laser-excit-
ed fluorescence, photoacous-
tic, and two-photon photoi-
onization detector for,
1275-1289

detection of mycoplasma contami-
nation in lymphoblastoid
cultures by, 1099-1110

determination of 2-acetylamino-
fluorene in laboratory diets
by, 367-373

determination of amino acid se-
quence of 12K fragment of
avian sarcoma virus struc-
tural protein p27 using,
249-258

determination of boll weevil ec-
dysteroids and juvenile hor-
mones by, 2055-2066

determination of cefamandole in
serum by, 2747-2759

determination of chloroquine and
desethylchloroquine in bio-
logical fluids by, 1513-1522

determination of clonazepam in
human plasma by, 301-310
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determination of dithiolthiones
by, 1291-1317
determination of effect of tem—
perature on degradation of
tetrahydroisoquinolines by,
343-352
determination of excretion pat-
terns of urinary phenolic
compounds by, 375-381
determination of indenolol hy-
drochloride by, 715-723
determination of iodine in milk
and milk chocolate by, 2067~
2077
determination of lacinilene C
7-methyl ether in cotton
bracts by, 917-926
determination of N-methyl-2-
pyrrolidone in water by,
445-452
determination of metribuzin and
metabolites in plant tissue
by, 725-742
determination of naloxone hy-
drochloride by, 1491-1497
determination of organics in
high purity water, by, 2565-
2570
determination of radioprotective
drug by, 1523-1534
determination of sodium tolyl-
triazole and sodium mercap-
tobenzothiazole in engine
coolants by, 805-812
determination of stability of
promethazine hydrochloride
by, 1333-1344
determination of a—tocopherol
in biological specimens,
by, 1123-1130
determination of verapamil and
norverapamil in serum by,
887-893
effect of temperature on response
of RI for quantitative anal-
ysis in, 813-824
with electrochemical detection
assay of MHPG by, 1997-2003
determination of phenylenedi-
amines by, 1897-1905
determination of ritodrine in
plasma by, 2775-2783
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[High performance (pressure) lig-
uid chromatography (HPLC),
with electrochemical detec-—
tion]

determination of voltammetry
in striatum by, 1873-1896
See also Electrochemical de-
tection; Liquid chromatogra-
phy with electrical detec-
tion (LCEC)
with fluorescence detection, de-
termination of 6B8-hydroxy-
cortisol in urine by, 1977-
1985
identification of adenine in
cacao products by, 927-930
ion-pair. See Ion-pair high per-
formance liquid chromatog-
raphy
isolation of glycoalkaloids with
chromatotron and, 281-289
isolation of individual peptides
from thymus fraction by,
647-654
micro
determination of reserpine and
trichlormethiazide in bio-
logical fluids by, 2382-2409
with dual electrochemical de-
tection, determination of
biogenic amine metabolites
by, 1907-1925
evaluation of for separation
of styrene oligomers, 1631-
1643
use of for monitoring reac-
tion processes, 1065-1071
on octyl and diphenyl bonded
phases, separation of pro-
teins and peptides by, 2465-
2499
in oenology, S$153-5158
on-line derivatizations in, via
borohydride/silica reduc-i
tions for carbonyl com—
pounds, 1015-1036
post column reactors in, $37-559
preparation of high efficilency
columns for, 765-775
preparative
separation of epimeric guaian-
olides by, 543-550
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separation of lubricating base

oil into hydrocarbon frac-
tions by, 627-645

purification of human platelet
monamine oxidase B by, 1407-
1419

rapid assay for hypothalamic
aromatase using, 861-870

removal of Emulgen 911 from
solubilized microcomes by,
1459-1473

separation and characterization
of cytochrome C-derived pep-
tides by, 1591-1601

separation of androgen acetates
by, 1987-1995

separation of arbaprostil by,
1499-1511

separation of caffeine metabo-
lites by, 895-906

separation of diastereoisomeric
glutathione adducts of
styrene oxide by, 1475-1489

separation of organic acid in
plant tissue by, 1705-1716

separation of polycyclic aro-
matic hydrocarbons by, us-
ing short columns containing
ODS particles, 1375-1383

separation of proteins of locust
neurosecretory endings by,
2501-2512

separation of shale oil by,
325-342

simultaneous determination of
warfarin, sulphaquinoxaline,
and fenitrothion in pesti-
cides by, 353-365

size exclusion. See Size exclu-
sion chromatography (SEC)

solid phase reactions for deriv-
atization in, S$125-8151

with solid phase reactor, poly-
meric permanganate oxida-
tions of alcohols and alde-
hydes in, 2109-2127

use of in combination with TLC
for determination of tiazo-
furin in serum, 1239-1247

using flow programming, analy-
sis of drugs in biological
fluids by, 1949-1954
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High performance thin layer chro-
matography (HPTLC), process
control of fermentations by,
1227-1238

High speed liquid chromatography
(HSLC), effect of sampling
rate and digital smoothing
on, 2809-2828

HPLC. See High performance (pres-
sure) liquid chromatography
(HPLC); Reversed phase high
performance liquid chroma-
tography (RP-HPLC)

HPTLC. See High performance thin
layer chromatography (HPTLC)

Human growth hormone (hGH), and
its 20k dalton variant, sep-
aration of tryptic peptides
of by RP-HPLC, 215-228

Human plasma, determination of
clonazepam in by HPLC, 301-
310

Hungarian chemical society (an-
nouncement), 2839

Hydrocarbons

polynuclear aromatic, study of
on amino bonded phase col-
umn, 471-495

See also Shale oil

Hydrocarbon fractions, separation
of lubricating base oil into
by preparative HPLC, 627-
645

Hydrochloric acid (HLC) systems,
using stannic arsenate lay-
ers, adsorption behavior of
metal ions in, determined by
TLC, 1253-1264

Hydronamic chromatography (HDC),
separation of particle sus-—
pensions by, $179-S5217

6B~-Hydroxycortisol, in urine, de-
termination of by HPLC with
fluorescence detection,
1977-1985

I

Immunoassay, enzyme, LCEC of phen-
ol and NADH for, 2141-2156
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Impurities, enatiomeric and dia-
stereoisomeric, in amines,
analysis of using RP-HPLC,
311-323

Indenolol, in biological fluids,
analysis of by HPLC, 2785-
2795

Indenolol hydrochloride, and phar-
maceutical formulation, de-—
termination of by HPLC, 715-
723

Indoleamine metabolites. See Brain
indoleamine metabolites

Indole derivative, antineoplastic,
determination of by RP-HPLC,
939-949

Infrared spectroscopy. See Spec—
troscopy, micro infrared

Inorganic ions, separation of
using TLC on plates impreg-
nated with sulpha drugs,
145-153

Insect hormones, analysis of by
radial compression separa-
tion system, 291-299, 1725

Instrumental broadening, in SEC,
correction of by FFT, 2411-
2431

Instrumental spreading, Tung's
equation for, in SEC, S61-
S75

Interfacial tension, role of in
RP-HPLC, 1777-1784

Iodine, in milk and milk choco-
late, determination of by
anion HPLC, 2067-2077

Iodoamino acids, thyromimetic,
separation of by gradient
elution RP-HPLC with elec-
trochemical detection, 511-
526

Ion-exchange chromatography (IEC)

fractionation of acidic ninhy-
drin-positive compounds of
mouse brain by, 2621-2634

separation of thiol compounds
by, 1785-1798

Ton-exchange high performance
(pressure) liquid chromatog-
raphy, separations by, us-
ing high content organic mod-
ifier mobile phase, 825-831
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Ion-exchange materials. See Chro-
matographic papers
Ion-exchange properties, of tin
(IV)-iodophosphate columns,
777-794
Jon exchangers, in analytical
chemistry (book review),
1547
Ion~exchange thin layer chromatog-
raphy, microassay for glu—
tamic acid decarboxylase us-
ing, 127-137
Ion~pair high performance (pres-
sure) liquid chromatography
fluorometric determination of
tryptophan and brain indole-
amine metabolites by, 527-
541
separation of nickle and iron
chelates as 2,2'-bipyridine
complexes with, 1073-1080
standardized analysis of drugs
by, 2521-2541
Ionogenic species, retention be-
havior of in RP-HPLC, effect
of buffers on, 685-704
in alloys and silicate
rocks, quantitative determi-
nation of after cation-ex-
change separation on zirco-
nium(IV) phospho and silico
arsenates, 1535-1545
Isocyanates, aromatic, determina-
tion of in work atmosphere
by RP-HPLC, 453-469
Isomers, of cyclopentylphenol,
separation of by TLC, 1171-
1174

Iron,

J

Juvenile hormones, of boll weevil,
determination of by HPLC,
2055-2066

L

Laboratory diets, determination of
2-acetylaminofluorene in by
HPLC, 367-373
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Lacinilene C 7-methyl ether, in
cotton bracts, determina-
tion of by HPLC, 917-926
fluorescence, determination
of amines in beer by RP-
HPLC with, 931-938
Laser-excited fluorescence detec—
tor, for HPLC, 1275-1289
Latexes. See Acrylic latexes
LCEC. See Liquid chromatography
with electrochemical detec-
tion (LCEC)
Ligand exchange chromatography,
separation of cephalosporin
C by, 2543-2556
Lincomycin, diagnostic toxicolog-
ical analysis of using TLC,
123-126
Linear thin layer chromatography.
See Thin layer chromatogra-
phy (TLC), linear
Lipids, detection of by RP-TLC
with densitometry, 1193-1211
Liquid chromatography
isolation of glycolipids from
blood elements for, 2647-
2660
with fluorescence detection, de-
termination of reserpine in
plasma by, 1111-1122
Liquid chromatography calendar,
197-198, 399-400, 601-603,
799-803, 987-991, 1165-1169,
1347-1351, 1553-1556, 1721-
1724, 1931-1934, 2137-2140,
2379-2381, 2573-2575, 2845-
2847, 8121-5123
Liquid chromatography directory,
2579-2619
Liquid chromatography news, 193~
195, 395-396, 599-600, 795-
797, 983-985, 1163-1164,
1345-1346, 1551-1552, 1717~
1719, 1927-1929, 2133-2136,
2375-2377, 2841-2843, S119-
120
Liquid chromatography with elec-—
trochemical detection (LCEC)
analysis of trace amounts of
catecholamines in brain tis-
sue by, 2337-2351
carbon composite electrodes
for, 2157-2172

Laser
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[Liquid chromatography with elec-
trochemical detection
LCEC)]

determination of analgesics in
serum and urine by, 2311-
2335

determination of pharmaceuticals
in biological samples by,
2209-2230

determination of trazodone and
1-m-chlorophenylpiperazine
in plasma by, 2195-2208

dual electrode, for platinum-
derived chemotherapy agents,
2173-2194

high speed analysis of phenols
and catecholamines using,

2335-2373
of phenol and NADH for enzyme
immunoassay, 2141-2156

quantitative analysis of terbu-
taline in human plasma by,
559-574
See also Electrochemical detec~
tion; High performance
(pressure) liquid chromatog-
raphy (HPLC), with electro-
chemical detection
Lymphoblastoid cultures, detection
of mycoplasma contamination
in by HPLC, 1099-1110
Lynestrenol, detection of by ten-
sammetry in RP-HPLC, 1745-
1758

M

Manufacturers. See Liquid chroma-
tography directory
Mark-Houwink constants, use of in
GPC, 2433-2463
Metabolite, of trazodone. See 1-m-—
Chlorophenylpiperazine
Metal chelates. See Chelates,
nickle and iron
Metal ions
chromatographic behavior of on
TBP impregnated silica gel-G
layers, 165-177
in HCL systems using stannic ar-
senate layers, adsorption
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behavior of, determined by
TLC, 1253-1264
3d transition, analysis of us-
ing TLC, 155-164
quantitative separation of by
TLC, 1249-1252
Metals
heavy, in water, determination
of by RP-HPLC, 2079-2093
simultaneous determination of
in zinc sulfate plant elec-
trolyte using RP-HPLC with
electrochemical and spec-
trophotometric detection,
1799-1822
3-Methoxy—4-hydroxythenylethylene
glycol (MHPG), assay of by
HPLC with electrochemical
detection, 1997-2003
N-Methyl-2-pyrrolidone, in water,
determination of by HPLC,
445-452
Metribuzin, determination of and
metabolites in plant tissue
by HPLC, 725-742
Mezlocillin, assay of by HPLC with
anion-exchange extraction,
2513-2520
MHPG. See 3-Methoxy-4-hydroxythen-
ylethylene (MHPG)
Microassay, for glutamic acid de-—
carboxylase, using ion-
exchange TLC, 127-137
Microbore column HPLC. See High
performance (pressure) lig-
uid chromatography (HPLC),
micro
Micro-HPLC. See High performance
(pressure) liquid chromatog-
raphy (HPLC), micro
technique, HPLC, for moni-
toring reaction processes,
1065-1071
Microsomal incubations, rat liver,
quantitation of clonazepam
from, 585-598
Microsomes, solubilized, removal
of Emulgen 911 from, by
HPLC, 1459-1473
Milk, determination of iodine in
by anion HPLC, 2067-2077

Micro
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Mobile phase
high content organic modifier,
separations by ion-exchange
HPLC using, 825-831
mixed, parameters characterizing
TLC systems with, 81-93
selection of for optimal separa-
tion in RP-HPLC, 259-269
Monoamine oxidase B, human plate-
let, purification of by
HPLC, 1407-1419
Monomeric phosphorus oxoacids,
complex formation of with
godium ion in DEC, 755-763
Mouse brain, fractionation of
acidic ninhydrin-positive
compounds of, by TLC and
IEC, 2621-2634
Mycoplasma, detection of contami-
nation by in lymphoblastoid
cultures by HPLC, 1099-1110

N

NADH. See Nicotinamide adenine di-
nucleotide (NADH)

Naloxone hydrochloride, determina-
tion of by HPLC, 1491-1497

Neuropeptides, invertebrate, anal-
ysis of by RP-HPLC, 993-1013

Neurosecretory endings, of locust,
separation of proteins of
by HPLC, 2501-2512

Nicotinamide adenine dinucleotide
(NADH), LCEC of for enzyme
immunoassay, 2141-2156

Neisseria gonorrhoeae, separation
of proteins of, by HPLC com-
bined with 125I-labeled pep-
tide mapping, 1421-1439

Ninhydrin-positive compounds, aci-

dic, of mouse brain, frac-

tionation of by TLC and IEC,

2621-2634

in electrochemical detec-

tors with solid electrodes,

2231-2254

Nonionic detergent. See Emulgen
911

Nonionic surfactants.
tants, anionic,
nonionic

Noise,

See Surfac-
cationic and
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Noradrenaline, dansyl derivatives
of, chemiluminescence detec~-
tor for trace determination
of, 1603-1616

Norverapamil, determination of by
HPLC, 887-893

Nucleosides. See Deoxythymidine

0

Octyl bonded phase, separation of
proteins and peptides by
HPLC on, 2465-2499
0ODS particles, separation of poly-
cyclic aromatic hydrocarbons
by HPLC, using short columns
containing, 1375-1383
Oenology, HPLC in, S153-5158
0il, lubricating base, separation
of into hydrocarbon frac-
tions by preparative HPLC,
627-645
Oligomeric ethylene glycol mix-
tures. See Ethylene glycol,
oligomeric mixtures of
One-dimensional thin layer chro-
matography, separation of
prostanoids and arachidonic
acid by, 55-62
Optical detection, HPLC
advances in, S77-S104
new techniques in, $99-S103
Optical detectors, HPLC, impact
of new technology on, S79-
599
Organic acids, elution behavior
of in DEC, 271-280
Organic acids
in plant tissue, separation of
by HPLC with twin phase,
ion exchange, and reverse
phase column, 1705-1716
separation of on papers impreg-
nated with aluminum and
cadmium hydroxides, 973-981
Organics, in high purity water,
determination of, by HPLC,
2565-2570
Oxidations
polymeric permanganate, of al-
cohols and aldehydes in HPLC
with solid phase reactor,
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[Oxidations]
2109-2127
via non-polymeric, solid sup~
ported reagents, in HPLC,
$135-8137

P

Packing material, use of carbon as
in HPLC, S1-S36

Paraxanthine. See Caffeine metabo-
lites

Particle suspensions, separation
of by SEC and HDC, $179-S217

PCR. See Post-column reactors
(PCR)

Penicillins, determination of by
HPLC with derivatization,
2019-2031

Pentacarboxylic porphyrins, from
uroporphyrinogen III, isola-
tion and characterization of
by RP-HPLC, 1969-1976

Pentazocine, in combination with
tripelennamine, analysis of
by HPLC, 2005-2017

Pentobarbital, analysis of by RP-
HPLC, 2033-2041

Peppermint oil, determination of
pulegone in by TLC with den-
sitometry, 1175-1182

Peptides

cytochrome C-derived, separation
and characterization of, by
HPLC, 1591-1601

influence of structure on reten—
tion of small chain peptides
on reverse stationary
phases, 1645-1671

isolation of from thymus extract
by HPLC, 647-654

separation of by HPLC on octyl
and diphenyl bonded phases,
2465-2499

See also Neuropeptides; Tryptic
peptides

Peptide mapping, 1257 _1abeled,
combined with HPLC, separa-
tion of proteins of Neisse-
ria gonorrhoeae by, 1421-
1439
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Permeability, modulated cross-
sectional, sedimentation-
flotation focusing FFF with,
1559~1576

Pesticides, wheat-based, simul-
taneous determination of
warfarin, sulphaquinoxaline,
and fenitrothion in, by
HPLC, 353-365

Pharmaceuticals

in biological samples, deter-
mination of by LCEC, 2209-
2230

See also Drugs; Radioprotective
drug; Sulpha drugs

Phenol, LCEC of for enzyme immu-
noassay, 2141-2156

Phenolic compounds

HPLC determination of for oen-
ology, 5161-S167

urinary, determination of ex-
cretion patterns of by
HPLC, 375-381

Phenols

chlorinated, separation of by
isocratic RP-HPLC, 2829-
2837

high-speed analysis of, using
LCEC, 2335-2373

Phenylenediamines, determination
of by HPLC with electrochem-
ical detection, 1897-1905

Phospholipid composition, of bac—
teria, analysis of by TLC,
2699-2707

Phospholipids

detection of by RP-TLC with
densitometry, 1193-1211

saturated and unsaturated, in
biological fluids, analysis
of using TLC, 179-192

Photoacoustic detector, for HPLC,
1275-1289

Photoionization detector, two-
photon, for HPLC, 1275-1289

Phytotoxic terpene. See Pulegone

Piperacillin, determination of in
plasma and cerebrospinal
fluid by RP~HPLC, 575-583

Plant tissue

determination of metabolites of
metyibuzin in, by HPLC, 725-
742
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[Plant tissue]
separation of organic acids in
by HPLC with twin phase, ion
exchange, and reverse phase
column, 1705-1716
Plasma
detection of reserpine in by
liquid chromatography with
fluorescence detection,
1111-1122
determination of piperacillin in
by RP-HPLC, 575-583
determination of trazodone and
1-m-chlorophenylpiperazine
in, by LCEC, 2195-2208
determination ritodrine in, by
HPLC with electrochemical
detection, 2775-2783
microassay for cefoperazone in
by RP-HPLC, 743-754
See also Biological fluids
Platinum, dual electrode LCEC for
chemotherapy agents derived
from, 2173-2194
Polarity, effect of on adsorption
behavior of solvents, 63-71
Polarographic flow-through detec—
tor, 1759-1776
Polycyclic aromatic hydrocarbons
modification in selectivity in
RP-HPLC for determination
of, 2709-2721
separation of by HPLC, using
short columns containing
0ODS particles, 1375-1383
Polymers
fractionation of by RP-TLC, 1-22
synthetic, determination of spe-
cific refractive index of
during SEC, 1359-1373
Polynuclear aromatic hydrocarbons.
See Hydrocarbons, polynu-
clear aromatic
Poly(styrene). See Polymers
Post-column reactors (PCR)
in HPLC, S37-S59
design of, S38~S47
reaction types in, S47-854
Promethazine hydrochloride, deter-
mination of stability of by
HPLC, 1333-1344
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Prostaglandins
separation of by linear TLC,
1265-1272

See also Arbaprostil
Prostanoids, separation of by
one~dimensional TLC, 55-62
Protein-ligand interactions, char-
acterization of by SEC, 229-
248
Protein-protein interactions,
characterization of by SEC,
229-248
Proteins
of locust neurosecretory end-
ings, separation of by HPLC,
2501-2512
of Neisseria gonorrhoeae, sepa-
ration of by 125I-labeled
peptide mapping and HPLC,
1421-1439
retention, resolution, and re-
covery of, influence of n-
alkyl chain length on in
RP-HPLC, 497-510
separation of by HPLC on octyl
and diphenyl bonded phases,
2465-2499
Pseudoephedrine. See Amines
Pulegone, in Hedeoma pulegioides
and peppermint oil, deter-
mination of by TLC with
densitometry, 1175-1182
Pulsan. See Indenolol hydrochlor-
ide
Pulsed amperometric detection.
See Amperometric detection,
pulsed
Pyrazoline-5-ones, characteriza-
tion of derivatives of by
TLC, 2695-2697
Pyrrolidone. See N-Methyl-2-pyr-
rolidone

Q

Quantitative analysis, in HPLC,
effect of temperature on
response of RI in, 813-824

Quantitative separation, of metal
ions, by TLC, 1249-1252
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Quaternary ammonium ion-pairs, of
volatile fatty acids, elec-
trokinetic detection of, in
RP-HPLC, 1837-1848

R

Radial compression separation sys-
tem, analysis of insect hor-
mones by, 291-299, 1725

Radiochromatogram analysis instru-
mentation, review of, 35-53

Radiolabeled TLC plates. See Radi-
ochromatogram analysis in-
strumentation

Radioprotective drug, determina-
tion of by HPLC, 1523-1524

Reaction processes, micro-HPLC
technique for monitoring,
1065-1071

Reagents, solid supported, in
HPLC, S131-S133

Reductions

borohydride/silica, for carbonyl
compounds, on-line HPLC de-
rivatizations via, 1051-1036

via non-polymeric, solid sup-—
ported reagents, in HPLC,
S133-S135

Refractometer, Waters R401l differ-
ential, determination of re-
fractive index of synthetic
polymers during SEC, using,
1359-1373

Reserpine

in biological fluids, determina-
tion of by micro-HPLC, 2382-
2409

in plasma, detection of by liq-
uid chromatography with flu-
orescence detection, 1111-
1122

Resin, macroporous ion-exchange,
chromatographic behavior of
aromatic acids on, 1081-1097

Retention behavior, of ionogenic
species in RP-HPLC, effect
of buffers on, 685~704

Reversed phase high performance
(pressure) liquid chromatog-
raphy (RP-HPLC)
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with amine modifiers, determina-—
tion of salbutamol by, 1955-
1967

analysis of deoxythymidine in
cell extracts by, 655-666

analysis of impurities in amines
by, using binary and ternary
solvent mixtures, 311-323

analysis of invertebrate neuro-
peptides by, 993-1013

analysis of pentobarbital by,
2033-2041

comparative evaluation of col-
umns for analysis of drugs
of forensic interest by,
1617-1630

with conductivity detection, de-
termination of low molecular
weight carboxylic acids by,
705-714

detection of lynestrenol and -
digoxin by tensammetry in,
1745-1758

detection of vomitoxin using,
833-843

determination of antineoplastic
indole derivative by, 939~
949

determination of ascorbic acid
and dehydroascorbic acid by,
1319-1332

determination of chlormethiazole
in blood by, 907-916

determination of heavy metals
in water by, 2079-2093

determination of piperacillin
in plasma and cerebrospinal
fluid by, 575-583

determination of stability of
tetrahydro—-B-carbolines by,
2043-2053

determination of urinary uric
acid by, 845-860

effect of buffers on retention
behavior of ionogenic spe-
cies in, 685-704

with electrochemical detection,
determination of uric acid
in human serum by, 2739-2746

with electrochemical and spec-—
trophotometric detection,
simultaneous determination
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[Reversed phase high performance
(pressure) liquid chroma-
tography (RP-HPLC)]
of metals in zinc sulfate
plant electrolyte using,
1799-1822

electrokinetic detection of qua-
ternary ammonium ion-pairs
of volatile fatty acids in,
1837-1848

electrokinetic detection of vol-
atile fatty acids in, 1823-
1835

with fluorescence detection, de-
termination of formaldehyde
by, 425-444

fractionation of tRNA by, 1441-
1457

gradient elution, separation of
thyromimetic iodoamino acids
by, 511-526

influence of n-alkyl chain
length on protein retention,
resolution, and recovery in,
497-510

ion-pair, with electrochemical
detection, determination of
biopterin in tissue samples
using, 1863-1872

ion-pair partition, with elec~
trochemical and fluorometric
detection, gradient elution
of biogenic amines in, 2255~
2274

isocratic, separation of chlori-
nated phenols by, 2829-2837

isolation and characterization
of pentacarboxylic prophy-
rins from uroporphyrinogen
III by, 1969-1976

with laser fluorescence, deter-
mination of amines in beer
by, 931-938

microassay for cefoperazome in
plasma, urine, and CSF by,
743-754

mobile phase selection for opti-
mal separation in, 259-269

modification of selectivity of
in determination of polycy-
clic aromatic hydrocarbons
by, 2709-2721
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purification of amino coumarin
dyes by, 951-958

role of interfacial tension in,
1777-1784

separation of c-amanitin in
serum by, 551-558

separation of clonazepam and
metabolites by, 585-598

separation of deoxyribonucleo-
sides by, using tetrabutyl-
ammonium hetaerons, 1673-
1691

separation of dlastereomeric
glutathione adducts of K-
region arene oxides by,
1693-1704

separation of thiol compounds
by, 1785-1798

separation of tryptic peptides
of B-chain of hemoglobins
by, 199-213

separation of tryptic peptides
of hGH and its 20k dalton
variant by, 215-228

separations of uroporphyrin so-
mers by, 383-394

simultaneous determination of
aromatic isocyanates and
carcinogenic amines in work
atmosphere by, 453-469

simultaneous measurement of tri-
cyclic antidepressants by,
2761-2773

solid phase derivatization reac-
tions in polymeric reduc-—
tions of carbonyl compounds
by, 605-626

Reversed phase thin layer chroma-

tography (RP-TLC)

with densitometry, quantitation
of herbicides by using Brat-
ton-Marshall detection rea-
gent, 1183-1192

polymer fractionation by, 1-22

separation and quantitation of
anionic, cationic, and non-
ionic surfactants by, 23-33

separation of amino acids on
plates of, 95-108

See also Thin layer chromatog-
raphy (TLC)
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Reversed phase thin layers, silica
gel and C;g, comparison of
detection reagents for lipid
and phospholipid detection
and densitometry on, 1193-
1211

Reverse stationary phases, influ-
ence of structure on reten-
tion of on, 1645-1671

RI. See Differential refractometer
(RT)

Ritodrine, in plasma, determina-
tion of by HPLC with elec—
trochemical detection,
2775-2783

tRNA, fractionation of by RP-HPLC,
1441-1457

Rodenticide baits. See Pesticides,
wheat-based

RP-HPLC. See Reversed phase high
performance (pressure) liq-
uid chromatography

RP-TL.C. See Reversed phase thin
layer chromatography (RP-
TLC)

S

Salbutamol, determination of by
RP-HPLC with amine modifi-
ers, 1955-1967

Salsolinol. See Tetrahydroiso-
quinolines

Sampling rate, effect of on HSLC,
2809-2828

SEC. See Size exclusion chromatog-
raphy (SEC)

Sedimentation-flotation focusing
FFF. See Field-flow frac-
tionation (FFF), sedimenta-—
tion-flotation focusing

Selectivity, in RP-HPLC, modifi-
cation of in determination
of polycyclic aromatic hy-
drocarbons, 2709-2721

Serotonin, automated analysis of
brain extracts for by HPLC,
871-886

Serum

determination of analgesics in

by LCEC, 2311-2335
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determination of cefamandole in,
by HPLC, 2747-2759
determination of tiazofurin in,
by HPLC and TLC, 1239-1247
determination of verapamil and
norverapamil in, by HPLC,
887-893
human, determination of uric
acid in, by RP-HPLC with
electrochemical detection,
2739-2746
separation of o-amanitin in,
by RP-HPLC, 551-558
See also Biological fluids
Shale oil
separation of by HPLC, 325-342
See also Hydrocarbons
Silica gel, Cjg, separation of
amino acids on RP-TLC plates
of, 95-108
Silica gel-G layers, TBP impreg-
nated, chromatographic be-
havior of metal ions on,
165-177
Silver salts, of aromatic sulfonic
acids, use of in TLC, 2687-
2694
Size exclusion chromatography
(SEC)
characterization of protein-
protein and protein-ligand
interactions by, 229-248
computer assisted data acquisi-
tion and analysis for, 1047-
1063
correction of instrumental
broadening in, by FFT, 2411-
2431
determination of gel content of
acrylic latexes by, 667-683
determination of specific re-
fractive index increment of
synthetic polymers during,
1359-1373
effect of flow rate on elution
volumes in, S219-5249
multiple detector, use of in de-
termination of aging of
pressure sensitive adhe-
sives, 2723-2737
separation of particle suspen-
sions by, S179-S217
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[Size exclusion chromatography

(SEC)]
Tung's instrumental spreading

equation in, S61-S75

Size fractionation, of H-coal liq-
uids by polyvinylacetate
GPC, 1935-1948

Slaframine, diagnostic toxicologi-

cal analysis of using TLC,

123-126

chain peptides, influence of

peptide structure on reten-

tion of on reverse station-

ary phases, 1645-1671

Sodium ion, complex formation of
monomeric phosphorus oxo-
acids with, in DEC, 755-763

Sodium mercaptobenzothiazole, in
engine coolants, determina-
tion of by HPLC, 805-812

Sodium tolyltriazole, in engine
coolants, determination of
by HPLC, 805-812

Solid phase reactions, for deriva-

tization in HPLC, S125-S151

phase reactor, polymeric

permanganate oxidations of

alcohols and aldehydes in

HPLC with, 2109-2127

supported reagents. See Rea-

gents, solid supported

Solvation effects, in GPC, 1385-
1394

Solvent mixtures, binary and ter-
nary, analysis of impurities
in amines by RP-HPLC using,
311-323

Solvents, with molecules of dif-
ferent polarity, adsorption
behavior of, 63-71

Specific refractive index incre-
ment, of synthetic polymers
during SEC, using Waters
R401 differential refractom-—
eter, 1359-1373

Spectrophotometric detection, si-
multaneous determination of
metals in zinec sulfate plant
electrolyte using RP-HPLC
with, 1799-1822

Spectroscopy, micro infrared, com—
bined wit- TLC, 1213-1220

Small

Solid

Solid
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Stability, of tetrahydro-B-carbo-
lines, determination of by
RP-HPLC, 2043-2053

Stannic arsenate layers, adsorp-
tion behavior of metal ions
in HCL systems using, de-
termination of by TLC,
1253-1264

Stannic tungstate, separation of
amino acids by TLC on, 109-
122

Striatum, determination of voltam-
metry in, by HPLC with elec-—
trochemical detection, 1873-
1896

Structure

of peptides, influence of on
retention of small chain
peptides on reverse sta-—
tionary phases, 1645-1671

of tebuthiuron and related thi-
adizoles, relationship of
to chromatographic mobil-
ity, 1221-1226

Styrene oligomers, evaluation of
micro-HPLC for separation
of, 1631~1643

Styrene oxide, separation of dia-
stereoisomeric glutathione
adducts of, by HPLC, 1475-
1489

Sugars, HPLC determination of for
oenology, S158-5159

Sulfonic acids, aromatic, use of
silver salts of, in TLC,
2687-2694

Sulpha drugs, separation of in-
organic ions using TLC on
plates impregnated with,
145-153

Sulphaquinoxaline, determination
of in pesticides by HPLC,
353-365

Surface area, of adsorbent, role
of in TLC, 2665-2677

Surfactants, anionic, cationic,
and nonionic, separation
and quantitation of by RP-
TLC, 23-33

Synthesis properties, of tin(IV)-
iodophosphate columns, 777-
794
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T

Tebuthiuron, separation of by TLC,
1221-1226
Temperature .
effect of on degradation of tet-
rahydroisoquinolines, deter-
mination of by HPLC, 343-352
effect of on response of RI for
quantitative analysis din
HPLC, 813-824
effect of on stability of tetra-
hydro-g-carbolines, deter-
mination of by RP-HPLC,
2043-2053
Tensammetry, in RP-HPLC, detection
of lynestrenol and digoxin
by, 1745-1758
Terbutaline, quantitative analysis
of in human plasma with
LCEC, 559-574
Tetrabutylammonium hetaerons, sep-
aration of deoxyribonucleo-
sides by RP-HPLC using,
1673-1691
Tetrahydro—B-carbolines, effect of
temperature on stability of,
determinations of by RP-~
HPLC, 2043-2053
Tetrahydroisoquinolines, effect of
temperature on degradation
of, determination of by
HPLC, 343-352
Tetrahydropapaveroline. See Tetra-
hydroisoquinolines
Theobromine. See Caffeine metabo-
lites
Theophylline. See Caffeine metabo-
lites
Thiadiazoles, separation of by
TLC, 1221-1226
Thin layer chromatography (TLC)
advances in (book review), 1549-
1550
analysis of phospholipid compo-
sition of bacteria by, 2699-
2707
analysis of saturated and unsat-
urated phospholipids in bio~
logical fluids using, 179-
192
analysis of 3d transition metal
ions using, 155-164
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characterization of derivatives
of pyrazoline-5-ones by,
2695-2697

combined with micro infrared
spectroscopy, 1213-1220

with densitometry, determination
of pulegone in Hedeoma pule-
gioides and peppermint oil
by, 1175-1182

determination of adsorption be-
havior of metal ions in
aqueous HCL systems using
stannic arsenate layers by,
1253-1264

diagnostic toxicological analy-
sis of licomycin and slafra-
mine using, 123-126

fractionation of acidic ninhy-
drin-positive compounds of
mouse brain by, 2621-2634

identification of potential
antidiabetic compounds by,
2661-2664

linear, separation of prosta-
glandins by, 1265-1272

with mixed mobile phase, param-
eters characterizing, 81-93

quantitative, determination of
biphenyl in citrus fruits
by, 2679-2685

quantitative separation of me-
tal ions by, 1249-1252

role of surface area of adsor-
bent in, 2665-2677

separation of amino acids by,
on stannic tungstate, 109-
122

separation of carbamates using,
on plates impregnated with
zinc acetate, 139-143

separation of glutathione from
amino acid mixtures by,
2635-2645

separation of inorganic ions
using, on plates impregnated
with sulpha drugs, 145-153

separation of isomers of cyclo-
pentylphenol by, 1171-1174

separation of tebuthiuron and
related thiadiazoles by,
1221-1226
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[Thin layer chromatography (TLC)]
use of in combination with HPLC
for determination of tiazo-
furin in serum, 1239-1247
of silver salts of aromatic
sulfonic acids in, 2687~
2694
See also One-dimensional thin
layer chromatography; Re-
versed phase thin layer
chromatography
compounds, liquid chromato-
graphic behavior of, 1785-
1798
Thymus extract, isolation of indi-
vidual peptides from, by
HPLC, 647-654
Thyroid hormone, assay of using
coulometric—amperometric
detection, 2275-2310
Tiazofurin, in serum, determina-
tion of by HPLC and TLC,
1239~1247
Tin(IV)-iodophosphate columns.
See Columns, tin(IV)-iodo-
phosphate
Tissue samples, determination of
biopterin in using ion-pair
RP-HPLC with electrochemical
detection, 1863~1872
o-Tocopherol, in biological speci-
mens, determination of by
HPLC, 1123-1130
Toxicology, diagnostic, applica-
tion of TLC to, 123-126
Trace determination, of fluores-
cent compounds, chemilumi-
nescence detector for, 1603-
1616
Trazodone, in plasma, determina-
tion of by LCEC, 2195-2208
Trichlormethiazide, in biological
fluids, determination of by
micro-HPLC, 2382-2409
Tricyelic antidepressants, simul-
taneous measurement of, by
RP-HPLC, 2761-2773
Tripelennamine, in combination
with pentazocine, analysis
of by HPLC, 2005-2015
Tryptic peptides, of B-chain of
hemoglobins, separation of
by RP-HPLC, 199-213

use

Thiol
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Tryptic peptides, of hGH and its
20k dalton variant, sepa-
ration of by RP-HPLC, 215-
228

Tryptophan, fluorometric determi-
nation of by ion pair HPLC,
527-541

Uric acid
in human serum, determination
of by RP-HPLC with electro-
chemical detection, 2739-
2746
urinary, determination of by
RP~HPLC, 845-860
Urine
determination of analgesics in
by LCEC, 3211-3235
determination of 6f-hydroxycor-
tisol in, by HPLC with flu-
orescence detection, 1977-
1985
microassay for cefoperazone in
by RP-HPLC, 743-754
See also Biological fluids
Uroporphyrin isomers, separation
of by RP-HPLC, 383-394
Uroporphyrinogen IIT, isolation
and characterization of
pentacarboxylic prophyrins
. from, by RP-HPLC, 1969-1976

v

Valence connectivity index, modi-
fied, correlation of chro-
matographic parameters for
barbituric acid derivatives
with, 73-80

Verapamll, determination of by
HPLC, 887-893

Voltammetry, in striatum, deter-
nination of by HPLC with
electrochemical detection,
1873-1896

Vomitoxin, detection of using
RP-HPLC, 833-843
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1
Warfarin, determination of in pes-
ticides by HPLC, 353-365
Water

determination of heavy metals in

by RP-HPLC, 2079-2093
determination of N-methyl-2-

pyrrolidone in, using HPLC,
445-452

high purity, determination of
organics in, by HPLC, 2565-
2570

Wines. See Oenology
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Z

Zinc acetate, separation of carba-
mates using TLC on plates
impregnated with, 139-143

Zinc silicate, separation of
amines on papers impregnated
with, 959-972

Zinc sulfate plant electrolyte,
simul taneous determination
of metals in using RP-HPLC
‘with electrochemical and
spectrophotometric detec-
tion, 1799-1822
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tHE EXPLOSIVE GROWTH of chromatog-
raphy has made it difficult for any
single person to maintain a coherent
viewof progress in the field. Individual
investigators trying to preserve even a
moderate awareness of advances must
rely upon responsible surveys, rather
than attempting to read the avalanche
of original research papers.

This continuing series presents critical,
current reviews, written by noted au-
thorities, of the most important devel-
opments of chromatographic science.
The wealth of literature, even in spe-
cialized areas of chromatography, is
so great that in these superb volumes
recognized experts separate hard-core
advances from the overwhelming mass
of supporting evidence and data. The

~ authors summarize and develop self-
contained evaluations of various fac-
ets and trends in research, putting
their subject matter into perspective.

Volume 21, like its predecessors, pro-

vides up-to-the-minute coverage of

topics of contemporary interest, in-

cluding

® quantitation in trace analysis by GC, by the
renowned expert, Josef Novak

@ HPLC/MS instrumentation and applications,

one of the fastest growing chromatographic
techniques

@ the use of capillary columns in LC, an ap-
proach that lowers costs, speeds analyses,
and affords ultra high resolution

® droplet counter-current chromatography, a
newly developed partition chromatography
method

® chromatographic determination of copoly-
mer composition, expanding the range of
chromatographic applications

These volumes are of utmost interest to
all researchers who need to use separa-
tion techniques effectively —especially
analytical, organic, and physical chem-
ists; biochemists; biomedical research-
ers; clinical chemists; polymer scientists;
environmental scientists; as well as sci-
entists in academia, government, hos-
pitals, and industry, both in research
and quality control.
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