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POLYVINYLACETATE GEL PERMEATION CHROMATOGRAPHY OF H-COAL
LIQUIDS AND MODEL COMPOUNDS. COMPARISON WITH RIGID GEL,
REVERSED PHASE AND NORMAL PHASE CHROMATOGRAPHY

John L. Wong
Department of Chemistry
University of Louisville
Louisville, Kentucky 40292

ABSTRACT

This paper reports the application of polyvinylacetate gel
(Fractogel) for size fractionation of the H-Coal liquids and model
aromatic hydrocarbons. The four H-Coal liquids were each divided
into three classes according to solubility in hexane, benzene, and
pyridine. A model mixture of eight compounds when applied to the
Fractogel column yielded four fractions; a similar performance was
given by a prepacked, Toyo Soda microparticulate column containing
styrene—divinylbenzene copolymer. Regarding the twelve H-Coal
solvent fractions, the chromatograms obtained from the Fractogel
column were analogous to those from the Toyo Soda column. By
making further use of model compounds, the Fractogel results are
compared with those obtained from reversed phase chromatography on
a Partisil ODS column and those from normal phase chromatography
on a LiChrosorb silica column. These comparisons reveal the
usefulness in separating certain aromatic hydrocarbons by the
Fractogel column, Furthermore, judging from the chromatograms of
a hexane-soluble H-Coal fraction obtained by the reversed phase
and normal phase methods, the ODS column will complement the
Fractogel column in fractionating the H~Coal liquids.

INTRODUCTION

The liquefaction of coal to produce conventional refinery
products represents a better use of the solid fuel., The H-Coal

process 1s a coal dissolution process carried out in an ebullated
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bed reactor in the presence of hydrogen and a desulfa}izatioﬁ”éﬁd'_

hydrogenation catalyst. The crosslinks in the coal particles,
whether they are methylene, oxygen, sulfur, or nitrogen bridges,
undergo thermal homolysis. Upon transfer of hydrogen to the
radical sites, depolymerized coal units are formed which are
separated into four product streams: atmospheric still overhead
(AS0), atmospheric still bottom (ASB), vacuum still overhead
(VS0), and vacuum still bottom (VSB). We have been involved in
the characterization of these products (1), and have reported a
structural study of the H-Coal liquids by the FT-NMR method (2) as
well as a combined use of gel permeation chromatography (GPC) and
vapor pressure osmometry for fractionation and molecular weight
information (3). Although Anbar et al. (4) have shown by field
ionization mass spectra of the H-Coal liquids that their molecular
weights range from about 100-600, the applicability of gas or
liquid chromatography for their complete analysis is doubtful
because of the residue problem. Some of these liquids contain
polymeric compounds which tend to be retained on the column, In
this regard, GPC comes close to being a total chromatographic
method for the coal liquids. There are several reports on GPC
separation of various coal-derived liquids (5,6,7). The column
packing most commonly employed is a styrene~divinylbenzene
cross—linked polymer. It is used more often in the form of a
rigid gel as found in the microparticulate, prepacked columns such
as the uStyragel of Waters Associates (5) and the Toyo Soda TSK
column (6) from Japan and distributed by Varian Associates. A
soft gel such as the Bio—-Rad Bio-Beads is also used in homemade,
slurry-packed columns (7). This polystyrene copolymer, either as
the rigid or the soft gel, has its limitations for analyzing coal
liquids. For example, the prepacked column is costly, has low
sample loading capacity, and éubject to clogging by sample
precipitation, The Bio—Beads gel is more economical but has been
found to exhibit a non-size exclusion mechanism of separation (7),
making it difficult to interpret the chromatogram of a highly

heterogeneous coal liquid. We have been studying vinyl acetate
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" copolymer, the Merck Fractogel TVA 500, a6 column packtng watertat

for the analysis of the H-Coal liquids. We have found it useful
both analytically and preparatively and have compared its
performance with that obtained on the Toyo Soda TSK G-2000H;q
column, By means of model hydrocarbons, the Fractogel separation
has been compared with data obtained from chromatography on a
reversed-phase octadecylsilyl (ODS) column and a normal phase
silica gel column. The latter two methods have also been applied
to a H-Coal liquid. In these separations, the Fractogel and ODS

columns are complementary to each other,

MATERIALS AND METHODS

The B-Coal liquids were received from the University of
Kentucky Institute for Mining and Minerals Research., The coal
liquefaction was performed by the H~-Coal process in the syncrude
mode with reactor temperature at 450°C, exit reactor partial
pressure of hydrogen at 2245 psig. The nominal boiling ranges of
the liquids are: ASO C4-200°C, ASB 200-350°C, VSO 350-520°C, and
VSB is a chunky tar. '

The instrument for chromatography consists of a M6000A pump,
U6K injector and model 440 absorbance detector operating at 254 nm
for analytical and 313 nm for preparative run. These components
are products of Waters Associates, Milford, Mass. The Fractogel
PVA 500, 32-63 u, was purchased from MCB, Inc., Ohio. This gel
was slurry-packed to 800 psig into a 610 mm x 7.8 mm stainless
steel column; two columns were joined in series. It was eluted at
1 mL/min with chloroform-methanol 3:1. The rigid gel column, TSK
G-2000H)(y, 610 mm x 8 mm containing 10 p particles, was purchased
prepacked from Toyo Soda of Japan. The mobile phase for the TSK
was straight chloroform at a flow rate of 1 mL/min. The
theoretical plate count of the Fractogel column set was about
1500, while that of the TSK column was about ten times greater, as
determined by injecting a 2% acetone solution. The samples for
injection were prepared in the same solvent as the mobile phase

used. The concentrations for the model hydrocarbons were 1 -10 x
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——T0~3 M, " For the H-Coal 1iquids solutions of about 15 mg/mL were
prepared for analytical runs, and about 20 times that for
preparative separation.

For the reversed-phase column, Whatman Partisil ODS was
packed into a 250 mm x 4.6 mm stainless steel column, It was
eluted with acetonitrile-water 1:1 at 3 mL/min. The same kind of
column was packed with Merck LiChrosorb S$i60 for normal phase
chromatography. It was eluted with n-hexane at 0.4 mL/min. Both
columns contained 10 p particles and showed a plate count of about
5000.

RESULTS AND DISCUSSION

Since application of the Fractogel polyvinylacetate column in
coal liquid analysis was rather new, an attempt was made to
understand the way by which the coal liquid components can be
fractionated. For this purpose, eight model aromatic hydrocarbons
were injected into the Fractogel column individually and also as
mixtures. Their retention volumes are shown in Table 1 which are
also compared with those obtained from the Toyo Soda column. As
the Fractogel column is twice the length of the Toyo Soda column,
the retention volumes from the Fractogel are about two times as
large as those from the Toyo Soda. For the mixture of eight
compounds, the Fractogel chromatogram as shown in Figure 1 reveals
four bands: band 1 contains phenyltridecane, band 2
1,2-diphenylethane and triptycene, band 3 biphenyl and
1,5-dimethylnaphthalene, and band 4 contains benzene, naphthalene,
and phenanthrene, The separation of this mixture on the Toyo Soda
column is similar (see Figure 2), the main difference being that
the second band in the Fractogel chromatogram is herein resolved
into two peaks, with triptycene eluting first followed by
1,2-diphenylethane. The clean—cut resolution of phenyltridecane
(MW 260) from trypticene (MW 254), a polycyclic, suggests that
the separation is based on the length of the molecules. Likewise,
1,2-diphenylethane (MW 182) and phenanthrene (MW 178) are well

separated based on a difference in the molecular length.
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— TABLE 1

Retention Volumes of Eight Model Aromatic Hydrocarbons from the

Fractogel and Toyo Soda Column

Retention Volume, mL

Model Compounds Molecular Weight Fractogel Toyo Soda
Phenyltridecane 260 21.3 13.0
Triptycene 254 26.7 14.2
1,2-Diphenylethane 182 27 .7 14.6
1,5-Dimethylnaphthalene 156 31.0 15.8
Biphenyl 154 32,2 16.0
Phenanthrene 178 35.6 16.8
Naphthalene 128 35.8 17.0
Benzene 78 36.5 17.1

Hence, the lack of separation between 1,5-dimethylnaphthalene (MW
156) and biphenyl (MW 154) which are similar in length is not
surprising. However, it is unexpected that the parent aromatic
compounds of one, two and three rings can neither be resolved on
the Fractogel nor on the Toyo Soda, the latter having about 10
times the theoretical plates of the former, The useful molecular
weight range for the Fractogel column is about 100-600, while that
of the Toyo Soda is about 100-2000. Phananthrene (MW 178) is not
approaching the total permeation limit of either column and should
be resolvable from benzene. Nevertheless, this does not detract
from applying the Fractogel column in the fractionation of the
H-Coal liquids. The pattern of separation is established in that
the aromatic compound with long side chains will elute first while
the unsubstituted will lump together and elute last,

It has been customary to classify coal liquids according to
solubility (8): hexane soluble fraction (HSF) contains the oils,
hexane—-insoluble, benzene soluble fraction (BSF) contains the
asphaltenes and benzene-insoluble, pyridine soluble fraction (PSF)

contains the asphaltols. The molecular weights increase in this
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FIGURE 1. Separation of a mixture of eight model compounds as
shown in Table 1 on a Fractogel column,
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f ; + ;
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Retention Volume, mL

FIGURE 2. Separation of a mixture of eight model compounds as
shown in Table 1 on a Toyo Soda Column.
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M-S-E B-SF- PSFE

10 20 30 40 10 20 30 40 10 20 30 mL

5 10 16 20 & 10 15 20 5 10 15 20 mL

FIGURE 3. Gel Permeation chromatograms for the 3 ASO subfractions
on Fractogel (top) and Toyo Soda column (bottom);
retention volumes are shown.

order to about 1000 for most current liquefaction products. The
four H-Coal liquids were solvent-fractionated accordingly, the HSF
fractions of ASO, ASB, and VSO were more than 92 percent of the
original mixture, while that of the VSB contained about 7 percent.
The BSF ranged from 1 to 5 percent of the first three H-Coal
liquids but amounted to about 50 percent of the VSB. The PSF was
from 0.5 to 4 percent for the first three H-Coal liquids but was
42 percent of the VSB. These twelve solvent fractions were
chromatographed on the Fractogel column set as well as on the Toyo
Soda column for comparison., Figures 3, 4, 5, and 6 show the
chromatograms for the three solvent fractions of ASO, ASB, VSO,
and VSB, respectively, the top figures are the Fractogel
chromatograms while the bottom are the Toyo Soda. Insofar as the
HSF fractions are concerned, the Fractogel chromatograms show less

well-resolved peaks than the Toyo Soda chromatograms. However,
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H

SF BSF PSE

6 20 30 40 10 20 30 10 20 30  domL
10 15 20 19 15 20 6 15 20  26mL

FIGURE 4, Gel permeation chromatograms for the 3 ASB subfractions
on Fractogel (top) and Toyo Soda column (bottom);
retention volumes are shown,

the bulk of their retention volumes are defined by the eight model
compounds as shown in Table 1 for both the Fractogel and the Toyo
Soda column. It appears that the phenyltridecane type is the
largest size while benzene the smallest of the HSF components. In
the case of the BSF and PSF fractions, the Fractogel chromatograms
show a sharp peak at about 14 mL. Since the mobile phase contains
25 percent methanol in chloroform, the peak at 14 mlL can be
attributed to enlarged molecules resulting from solute-solvent
interaction (5). It is plausible that the likes of phenolic
groups and pyridine nitrogen in these fractions may form
polymer—like molecules with methanol through hydrogen bonding.

The absence of such a peak on the Toyo Soda chromatograms can be

explained in terms of the exclusion limit of the Toyo Soda colummn



POLYVINYLACETATE GEL 1943

/ . °e Pst

20 30 40 \mj“\ 10 20 30 40mL
10 158 20 10 15 20 10 15 20 mL

FIGURE 5. Gel permeation chromatograms for the 3 VSO subfractions
on Fractogel (top) and Toyo Soda column (bottom);
retention volumes are shown.

being three times as much as the Fractogel and that it was eluted
with neat chloroform. Otherwise, the BSF and PSF chromatograms
tend to show more distributions of larger molecules than the HSF,
their separations being similar on both columns. The fine coal
ash entrapped in the VSB fractions may account for the broad
envelopes in all of the VSB chromatograms. Calibrations of these
chromatograms to generate molecular weight information were
carried out via preparative runs of the HSF on the Fractogel
column. The fractions were subjected to vapor pressure osmometry
for the determination of molecular weight. The latter, ranging
from 627 for the exclusion fraction to 115 for the fraction at 32
mL, were plotted against the retention volumes of the collected

fractiong to generate the calibration curves., The molecular
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HSF BSF PSE
/
20 30 40 50 20 30 40 20 30 40 50 mL
5 10 15 20 5 10 15 20 5 10 15 20 mL

FIGURE 6. Gel permeation chromatograms for the 3 VSB subfractions
on Fractogel (top) and Toyo Soda column (bottom);
retention volumes are shown.

weight distributions of the H-Coal liquids have been reported (3),
the number-average molecular weight distributions being in the
range of 200-500 for the three solvent fractions. Since the
Fractogel column can be loaded with about 20 mg of the coal liquid
per injection to yield a chromatogram similar to that provided by
the Toyo Soda column, and considering the low price and ease of
packing of the gel, the Fractogel column has shown versatile use
as both a preparative and an analytical column for the H-Coal
liquids.

In order to determine the scope of separation on the
Fractogel column, Table 2 shows the performance in separating
aromatic compounds by means of gel permeation chromatography
(GPC), reversed phase chromatography (RPC), and normal phase
chromatography (NPC), using the Fractogel, Partisil ODS, and
LiChrosorb Si60 column, respectively. The Fractogel polyvinyl

acetate column apparently separates by size exclusion, the
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TABLE 2
Comparison of Separation of Aromatic Compounds by
GpCl, RPC2, and NPC3
Retention Volume, mL
Aromatic Compounds Gpcl RPC2 Nec3
A. Benzene + 3 carbons
1,2,3~trimethylbenzene 31.2 9.9 2.5
1,2,4-trimethylbenzene 33.0 11.5 2.5
n-propylbenzene 34,2 - 10.5 2.5
B. Benzene + 4 carbons
durene 29.8 13.0 .
sec-butylbenzene 33.5 13.0 .
C. Benzene + 6 carbons
1,3,5-triethylbenzene 24,3 21.0 2.3
hexamethylbenzene 29.4 31.0 2.4
D. Diaromatic with 12 carbons
1,3-dimethylnaphthalene 33.4 ' 14.8 2.4
1,5-dimethylnaphthalene 34.7 14.0 2.5
1,4-dimethylnaphthalene 35.0 14.3 2.5
1,8-dimethylnaphthalene 35.6 13.4 2.5
biphenyl 36.3 11.0 2.9
acenaphthylene 39.6 9.8 3.2
lrractogel column eluted with chloroform-methanol 3:1
2partisil ODS column eluted with acetonitrile-water 1:1
3LiChrosorb Si60 column eluted with n~hexane
Partisil ODS by reversed phase principle involving partition,
adsorption, and surface tension (9), and the LiChrosorb silica gel

column by adsorption principle. In terms of separating group A

compounds in Table 2 which contain a benzene ring plus three
carbons, GPC works as well as reversed phase, both of which are
far superior to the normal phase chromatography. Likewise, for

group C where compounds contain a benzene ring plus six carbons
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FIGURE 8. Normal phase chromatogram of HSF of ASO on a LiChrosorb
$i60 column,
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GPC and RPC are just as efficient while NPC is inadequate. For
the two group B compounds, benzene plus four carbons, GPC appears
to be superior to both RPC and NPC. The last group of compounds
are dlaromatics containing 12 carbons. 1In this case, reversed
phase chromatography appears to be the best in separating them.
Judging from these sets of model compound separations, it would
seem that either GPC can be used alone to fractionate H-Coal
liquids or that it can be used in combination with the reversed
phase method. Figures 7 and 8 show the hexane soluble fraction of
ASO when chromatographed by the reversed phase and the normal
phase methods, respectively. The chromatogram obtained from the
reversed phase ODS column shows a much better spread of the HSF
than the silica, hence the ODS will complement the Fractogel
column in fractionating the H-Coal liquids.
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ABSTRACT

An HPLC procedure using flow programming under isocratic
elution conditions for determination of drugs and their
metabolites in bioTlogical fluids is discussed. This technique
was used in the analysis of triamterene and its metabolites in
urine, chlorothiazide in plasma and hydrochlorothiazide in
urine. Advantages of flow programming over conventional
procedures such as isocratic elution and gradient elution are
discussed.

INTRODUCTION

HPLC analysis employing isocratic elution conditions is the
most common brocedure used for the analysis of drugs and their
metaboTlites in biological samples. Occasionally, a gradient

elution technique is employed for complex samples that consist
1949
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of components with a wide range of distribution coefficients.
Gradient elution refers to the technique of increasing the
solvent strength as the separation proceeds. It is used to
decrease analysis time and optimize separations with respect to
time and resolution. Flow programming, which involves changes
in flow rate under isocratic conditions, even though known in
principle, is not widely used. Application of flow programming
under isocratic conditions for separation of drugs and their
metabolites in biological fluids is briefly discussed here. The
bioTogical samples used were part of in-vivo bioavailability
studies (1,2). The methods are described in brief, primarily to

illustrate the use of flow programming.

EXPERIMENTAL

Chromatography was performed using Varian Model 5000 LC
systems equipped with a Perkin-Elmer fluorescence detector or
Varichrom variable-wavelength uv detector. Chromatographic
separations were carried out using Varian MicroPak MCH type
(reverse-phase) columns. A1l solvents used were HPLC grade.
Biological samples used were part of in-vivo bioavailability
studies (1,2).

Triamterene and triamterene sulfate in urine:

The urine sample was spiked with internal standard (3,5-
dibromosalicylic acid) and injected directly onto an HPLC system

equipped with a reverse-phase column and fluorescence detector.
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The -mobile phase consisted of 45% methanol in 0.1% aqueous
potassium dihydrogen phosphate. The flow rate was increased
from 1 m1/min to 3.5 m1/min over the first 10-minute period, and
then lowered to 1.0 m1/min over the next 2-minute period. Under
these conditions, the retention times for triamterene sulfate,
3,5-dibromosalicylic acid and triamterene were 2.8, 4.5 and 8.8
minutes, respectively.

Hydrochlorothiazide in urine:

The urine sample was spiked with internal standard (sulfa-
diazine) and injected onto an HPLC system equipped with a
reverse-phase column and fixed-wavelength, 254 nm uv detector.
The mobile phase consisted of 5% acetonitrile in 0.1% aqueous
potassium dihydrogen phosphate. The flow rate was increased
from 1 to 1.9 m1/min over the first 27 minutes and then lowered
to 1 m1/min over the next 3 minutes. Under these conditions,
the retention times for hydrochlorothiazide and sulfadiazine
were 18 and 21 minutes, respectively.

Chlorothiazide in plasma

The plasma sample was spiked with internal standard
{sulfathiazole) and mixed with 2 ml1 of acetonitrile, After
centrifugation, the supernatant was separated, evaporated to
dryness, reconstituted in 50 mcl of methanol, and 30 mcl was
injected onto an HPLC system equipped with a reverse-phase
column and a variable-wavelength uv detector set at 280 nm, The

mobile phase was 4% methanol in 0.2% acetic acid. The flow rate
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was increased from 1 ml to 3.4 m1/min over the first 21 minutes,
then further increased to 5 m1/min over the next 2 minutes, and
maintained at that flow rate for an additional 12 minutes. At
the end of the run (35 minutes), the flow rate was returned to

T m1/min. Under these conditions, the retention times for
chlorothiazide and sulfathiazole were 13.5 and 26 minutes,

respectively.

RESULTS AND DISCUSSION

In gradient elution, the column is subjected to the varying
polarity of the eluent. This alters the behavior of the column,
and at times, it does not return to its original condition at
the beginning of the next sample analysis. This affects the
reproducibility of the sample analysis. Flow programming under
isocratic conditions, a new technique for separation of drugs
and their metabolites in biological fluids, was developed to
overcome some of the drawbacks of gradient elutjon. In flow
programming, the flow of the isocratic solvent is increased (or
decreased) over a period of time. Both the initial and final
flow rates and the time interval are selected. The change in
flow rate occurs linearly over the selected time interval. The
column is always equilibrated with the solvent, thus giving more
reproducible sample analysis.

It has been reported that for HPLC analysis of triamterene

and its metabolites, the urine samples need to be analyzed once



FLOW PROGRAMMING 1953

for the parent drug and then a second time for the metabolites
(3). Using flow programming, as described above, it has been
possible to analyze for both triamterene and its major metab-
olite in a single injection.

Similarly, flow programming under isocratic conditions has
been used successfully in the analysis of hydrochlorothiazide in
urine and chlorothiazide in plasma.

Flow programming under isocratic conditions offers the

following advantages:

a) drugs and metabolites which otherwise might require
different analytical conditions and more than one sample
injection can be analyzed in a single injection; b) the
column is not exposed to different solvent conditions as
in the gradient elution technique, and is thereby not
subjected to 'shocks' during a run; c) the column is
always equilibrated with the solvent and therefore no
column regeneration is required; d) the chromatograms
are more reproducible; e) the 1ife of the column is
extended; f) it is easy to operate; and g) it is
suitable for use with all detectors, including

refractive index detectors.

Thus, flow programming under isocratic conditions opens a

new avenue for obtaining effective separation using HPLC.
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ABSTRACT

The reversed phase chromatography of salbutamol in an aqueous
phosphate buffer with quaternary and tertiary amine modifiers is
described. The object was to control the retention and improve
the asymmetry for use with electrochemical detection.

INTRODUCTION

Liquid chromatography with electrochemical detection is well
suited to the separation and analysis of many bronchodilators in
biological fluids, Electrochemical detection has the advantage of
high sensitivity, a necessary requirement for this group of
compounds. The mobile phase must be electrically conductive and
an aqueous solvent without an organic modifier such as aceto-
nitrile appears to provide improved sensitivity, lower background
current and fewer problems.

However chromatographic peaks arising from compounds with a
basic nitrogen are unsymmetrical and show extensive tails in
reversed phase HPLC, particularly when the organic component of
the solvent is present in low concentration (1).

Addition of organic amine compounds can improve the peak
shape (1,2,3,4), and it may also be possible to make use of the
concentration of the amine to adjust the retention of the

compound of interest instead of adding an organic component such

1955
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as methanol to the mobille phase. It is generally considered
that tailing peaks arise from interactions between the solute and
the adsorption sites on the silica matrix of the statiomary
phase. Apparently the organic amine preferentially occupies
these active sites limiting the adsorption of solute. A wide
range of amines have been used but this work examines the effects
of tertiary and quaternary ammonium compounds on the reversed-

phase chromatography of salbutamol using an aqueous mobile phase.

EXPERIMENTAL

Chemicals

Methanol was analytical grade (J. T. Baker, Phillipsburg,
N.J. US3). Tetraethylammonium iodide (GPR, BDH), tetrapropyl-
ammonium iodide (Eastman Kodak), tetra-n—butylammonium iodide
(GPR, BDH) and tetrapentylammonium iodide (Eastman Kodak) were
converted into their hydroxides by precipitation of silver iodide
with silver oxide and filtering. The iodide content was checked
by measuring the absorbance at 254 nm. The guaternary ammonium
hydroxide concentrations wereconfirmed by an acid-dye method (5).
N,N-Dimethylhexylamine (DMHA), N,N-dimethyloctylamine (DMOA) and
N,N-dimethyldecylamine (DMDA) were synthesized by a modified
Eschwailer—-Clarke reaction (6) and distilled. No impurities were
found when examined by proton and carbon-13 NMR.

Salbutamol sulphate was of Pharmacopoeial grade and was
supplied by Allen & Hanburys (Palmerston North, N.Z.).

All other substances were of analytical or reagent grade and

used without purification.

Apparatus
A Waters Associates ALC/GPLC 244 liquid chromatograph with a

Model 440 absorbance detector operating at 254 nm was used.

Column Packing Materials

The packing materials used were Zorbax CN (column I) and
Zorbax ODS (columns II-V) (Du Pont Co. Wilmington, DE, USA),

with mean particle diameters of 8 um.
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Column Tubing and Fittings

The columns consisted of 100mm x4.6 mm i.d. or 150mm x 3.9mm
i.d. (column V) stainless steel 316 tubing with a polished inner
surface.

They were equipped with modified Swagelok compression fittings
(#8S-400-6-1, Crawford Fitting Company, Cleveland, Ohio, USA). A
2um removable frit (#716525, Alltech, Summer Hill, NSW, Australia)
was placed at the outlet and an 8um 316 stainless steel frit made
from mesh (N. Greening Ltd, Warrington, U.K.) at the inlet.

Teflon washers were inserted at each end.

Column Packing Technique

Columns were packed at 10,000 psi (except columm I where the
pressure was 2000 psi) using an upward slurry packing technique
with the internal diameter of the reservoir being the same as the
column. The slurry solvent was ethanol (95%)-n-propanol-
toluene 1:1:1 (v/v) as described by Keller et al (7) for
columns IT-V and n-propanol for columm I,

The quality of the columns was tested with anthracene and
methanol-water (75/25) as eluent. The columns had a reduced
plate height of less than 7.5 (8) and an asymmetry of less than
2,0 (except column I where the ASF was 4.0).

Asymmetry factors (ASF) were measured as follows: a
perpendicular was drawn from the baseline to the vertex formed by
the two peak tangent lines. A second line was drawn through the
peak parallel to the baseline at 15% of the peak height. The ASF
was calculated by dividing the length of the rear portion of this
second line by the front part.

Chromatographic Conditions

Electrochemical detection of salbutamol tended to be more
sensitive under acid conditions, however noisy traces attributed
to the dissolution of iron (particularly from syringe needles)
resulted. Thus ethylenediaminetetraacetic acid (10"4 M) was

introduced to chelate any iron present and the optimum pH was
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found to be 5.6. The solvent used in all experiments was sodium
dihydrogen phosphate (0.1M) adjusted to pH 5.6 with sodium
hydroxide (iM) plus 0.24 mmole of the appropriate amine (unless
otherwise specified) per litre. The flow rate was 1.0 ml/min.
Salbutamol (lmg/ml) dissolved in the mobile phase (less modifier)
was injected in 10 ul amounts. Columns were taken as being
equilibrated with the mobille phase when three replicate injections
of salbutamol gave the same capacity factor (k'). The column

void volume was estimated by an injection of sodium nitrate.

Procedures

a) Effect of tetra—n-butylammonium hydroxide (TBA)

concentration on equilibration time and capacity factor.

The time taken for column (1) to equilibrate with the mobile
phase was measured from the graph of the time of a salbutamol
injection (the time was taken as zero when the mobile phase was
switched from one without a modifier to one containing the
appropriate concentration of TBA) versus the capacity factor of
salbutamol for that injection. These plots showed a terminal
straight line region (steady state conditions) and the time
taken to reach this region was considered to be the equilibration
time. The experiment was carried out with concentrations 0.03,
0.06, and 0.12 and 0.24 mM of TBA in the mobile phase and the
equilibration time and capacity factor measured in each case.

b) Effect of amine modifiers on the k' & ASF of

salbutamol.

Column V was equilibrated with mobile phase containing
0.12 mM of the appropriate amine and the capacity and asymmetry
factors measured. The amines used were tetraethylammonium
hydroxide (TEA), tetrapropylammonium hydroxide (TPrA),
tetra-n~-butyl ammonium hydroxide (TBA), tetrapentylammonium
hydroxide (TPeA), dimethylhexylamine (DMHA), dimethyloctylamine
(DMOA) and dimethyldecylamine (DMDA).

c) Adsorption of quaternary amine modifiers.

Three Zorbax ODS columns (IT, III, V) were each equilibrated

with a mobile phase containing the appropriate modifiers (TEA,
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TPrA, TBA, TPeA). Methanol (100 ml) was then passed through (9)
and collected. The methanol was evaporated and the residue
dissolved in distilled water (10 ml). The concentration was
measured by the method of Chatten and Okamura, using procedure c
(5).

The concentration of amine modifier in the mobile phase used
with column (V) was 0.12 mM, Columms (II) and (III) used a
concentration of 0.24 mM,

Columms (III) and (V) had not been used with an amine
modifier before whereas column (II1) had been in use for two
weeks with a quaternary ammonium salt.

After completion of these experiments, the equivalent amount
of distilled water to two weeks use (6 litres) was passed through
column (IIL). This column was then re-equilibrated with mobile
phase containing 0.24 mM TBA and the amount of quaternary
ammonium ion adsorbed was again estimated.

d) Adsorption of tertiary amine modifiers.

Column (V) was equilibrated with mobile phase containing 0.24mM
of a tertiary amine modifier (DMHA, DMOA, DMDA), the modifier was
eluted with methanol and an aqueous solution (200 ml) prepared as
described for the quaternary amine modifiers.

The amount of amine absorbed in columm (V) was measured by
potentiometric titration which involved titrating a 10 ml sample
with 1.0 wM hydrochloric acid and determining the end point with
a pH meter (about 5.5).

The total amount of amine (amine + amine salt) was measured
by gas chromatography using a 3 foot column of 10% carbowax 20M
and 2% potassium hydroxide on Gas Chrom Q (Applied Scilence
Laboratories, Inglewood, CA, USA), with the appropriate
standards (ca 0.1 ug/ml).

e) Estimation of free silanol groups.

The method used is that described by Karch et al (1l1) and
Tanaka et al (10). Column (IV) was new and had not been used
with organic modifiers, column (III) was also new and had not

been used with organic modifiers (except for procedure c), but
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had the equivalent of two weeks use of distilled water passed
through (6 litres). Column (I1) had been well used with amine
modifiers, as shown in table 3 in the extent to which the

quaternary ammonium salts adsorbed.

RESULTS AND DISCUSSION

Although reversed phase coated silica is not quite so

susceptible to attack by alkali as silica, quaternary ammonium
compounds such as TBA can render a column useless within days
(12). Hence it is desirable to maintain low TBA concentrations.
However, at low solvent quaternary ammonium concentrations the
time taken for the column to equilibrate with the solvent
increases. This is shown in Table 1 along with the capacity
factor for salbutamol after the column has equilibrated. The
modifier TBA controls the retention and concentrations as low as
0.03 mM TBA are effective in improving the chromatography of
salbutamol in aqueous solutions.

The effect of a series of quaternary ammonium compounds and
tertiary amines on the asymmetry (ASF) and the capacity factors
of salbutamol are shown in table 2.

Sokolowski and Wahlund (1) found that TBA and TPrA did not
~ improve the ASF of a series of tricyclic antidepressants in
1:1 methanol, phosphate buffer pH 2-3.3 with 0.05M additive and
Tilley-Melin et al (13) state that the adsorption sites for
quaternary ammonium lons are not easily accessible to cations
with bulky substituents such as TBA.

Our results (table 2) show that both TBA and TPrA do improve
the ASF and there is an apparent trend towards the cations with
bulky substituents showing the greatest improvement. An
explanation for this apparently contradictory result is that the
bulky quaternary ammonium ions favour the mobile phase when the
methanol content is high and insufficient coverage of the active
site occurs. In aqueous solvents hydrophobic bonding can be
significant (14) and the greater the hydrophobicity of the

quaternary ammonium ion, the higher the concentration in the
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TABLE 1

1961

The time taken for Columm (I) to Equilibrate with the Mobile Phase
containing Various Concentrations of TBA

TBA Concentration

()

0.03
0.06
0.12
0.24

(min)

88
62
38
26

TABLE 2

Equilibration Time

Capacity Factor

7.0

1.33
0.84
0.38
0.22

The Effect of a Series of Amine Modifiers on the Retention and

Modifier
(0.12mM)

None
TEA

TPrA
TBA

TPeA
DMHA
DMOA
DMDA

Asymmetry of Salbutamol

Capacity Factor

86
47
16
1.2
1.0
22
2.6
-0.6

Asymmetry

7.6
3.2
1.7
2.0
2.0
double peak
2.2
1.7
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stationary phase. The decreased retention is probably due to
the stationary phase taking on cation exchange character.

Excessive tailing is caused by interaction with silanol
groups on the stationary phase and it is likely that certain
sites affect salbutamol more than others depending on their
accessibility. Thus the modifier which has most effect would
be the one which blocks those sites which affect salbutamol
greatest. This would suggest that TPrA is effective at
blocking those sites which cause tailing of salbutamol.

Peak tailing has been described by a two site theory (15)
and in the case of reversed phase chromatography the second site is
considered to be unprotected silanol groups (10). Under
certain conditions the two sites can give rise to two peaks (16).
DMHA is ineffective at covering sites active to salbutamol,
presumably because either it has insufficient hydrophobic
character and the concentration in the stationary phase is too
low or it does not remain on the sites active to salbutamol
for long enough.

Negative capacity factors as with DMDA have been explained
as charge exclusion phenomena (17). When DMDA is adsorbed as
the hydrogen phosphate the pores become electrically charged
and tend to exclude similarly charged molecules making a portion
of the solvent voild volume inaccessible to salbutamol hydrogen
phosphate.

The amounts of quaternary ammonium and tertiary amine
adsorbed on reversed phase columns areshown in Table 3 and 4. As
expected (18) the amount of quaternary ammonium ion adsorbed is
greater with increasing hydrophobic chracter. However, if the
concentration of quaternary ammonium ion in the mobile phase
is halved the amount adsorbed does not change significantly
(column (V) cf column (III)).

Iler (14), and Bijsterbosch et al (19) proposed that the
mechanism of adsorption of the long chain aliphatic hydrocarbon
amines to silica involves hydrophobic bonding. At low
concentrations a single hydrophobic layer is adsorbed with the
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TABLE 3

The Quantity of Quaternary Amine Modifier Adsorbed on Three
Reversed Phase Columns

Quaternary Amine Amount Adsorbed (mole x 10”5)
Columm
III v II
TEA 0.03 0.17 0.51
TPrA 0.47 0.44 1.18
TBA 2.17 2.06 6.74
*TBA 3.89 - -
TPeA 5.39 4.97 8.26

*This value was re-estimated after six litres of distilled
water had been passed through Column (III).

nitrogen close to the silica surface and at higher concentrations
a double layer forms. The second layer has the reverse
orientation with the apolar chain towards the surface of the
silica and hence the amine group has an associated counter dion.

The function of amine modifiers on reversed phase columns is
to block sites that contribute to separation mechanisms other
than liquid-liquid partition. Thus ideally a monolayer coverage
with all sites occupied is required. If a bilayer is formed
(with the amine group in the mobile phase), fon exchange as a
separation mechanism would predominate and the separation
characteristics of the column would change completely.

The adsorbed amine is eluted and measured by potentiometric
titration. This gives an estimate of the proportion of monolayer
formed (the amine contributing the double layer would be eluted
as its phosphate salt and is not measured). Gas chromatography
measures the total amine eluted and these results are shown in
Table 4. The proportion of bilayer gives an estimate of the

degree of ion—exchange character.
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TABLE 4
The Extent and Type of Adsorption of Tertiary Amine
Modifiers.
Tertiary Amine Amount Absorbed
(0.24 mM) Total Monolayer Bilayer

(mole x 10_5) (mole x 10—5) (percent of monolayer)

DMHA 3.49 3.58 0
DMOA 9.04 "7.15 26
DMDA 24.9 17.2 45

Reversed phase packing materials are quite unstable towards
quaternary ammonium compounds but less so towards the tertiary
amines (1, 12). The amount of TBA adsorbed by the stationary
phase was measured on a column previously unused (III) and a
column used with a quaternary ammonium compounds in the mobile
phase for two weeks (table 3, Column (II)). This column did
not show a significant change in ASF or capacity factor for
salbutamol when compared with the unused columm. However, there is
a considerable increase in the quantity of quaternary ammonium
ions adsorbed for all the modifiers. Wehrli et al (12) have
shown that the mechanism of breakdown of the columm occurs by
cleavage of the organic layer from the silicate particles and
collapse of the silicate structure and thus presumably there
would be more active sites for the quaternary ammonium ion.
Water also hydrolyses silica and after the studies with the
quaternary ammonium compounds, colummn (III) had six litres of
water (the equivalent to two weeks use) passed through. The
amount of TBA adsorbed increased but not to the same extent
as column (II).

A method of estimating the polarity of a columm,
resulting from unshielded silanol groups is to measure the
retention of small polar molecules in dry heptane (10,11). The

more polar the column (i.e. the greater the number of available
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TABLE 5

A Comparison of Three Columns for Free Silanol Groups

Column State Capacity Factor
Anisole Methylbenzoate

v new 1.34 7.8
I11 washed with water (61) 1.38 9.5
II well used with amine
modifiers 2.10 12.0
silanol groups) the more the solute is retarded. For a

reversed phase column with no silanol groups the capacity factor
should be one. The results for an unused column, a column
which had used water as the mobile phase and a column which

had used TBA, phosphate buffer as mobile phase are shown in
table 5. The results confirm that less polar sites result
from the use of an aqueous mobile phase than one containing
TBA.

In summary the quaternary ammonium ions and tertiary amines
studied are effective in controlling the ASF and retention of sal-
butamol. However the quaternary ammonium ions hydrolyse the
silica stationary phase and are adsorbed on the resulting
silanol groups. As the hydrophobicity of the tertiary amines
increages a second layer is formed which can function in an ion

exchange mode.

REFERENCES

1, Sokolowski, A. and Wahlund, K. -G., Peak talling and
retention behaviour of tricyclic antidepressant amines and
related hydrophobic ammonium compounds in reversed-phase
ion~pair liquid chromatography on alkyl-bonded phases,

J. Chromatogr., 189, 299 (1980).

2., Westerlund, D. and Erixson, E., Reversed-phase chromatography
of zimelidine and similar dibasic amines, J. Chromatogr.,
185, 593 (1979).



1966

10.

11.

12,

13.

14,

EGGERS AND SAINT-JOLY

Wahlund, K. -G and Sokolowski, A., Reversed-phase ion-pair

chromatography of antidepressive and neuroleptic amines and
related quaternary ammonium compounds, J. Chromatogr., 151,
299 (1978).

Bij, K.E., Horvath, C., Melander, W.R. and Nahum, A,
Surface silanols in silica-bonded hydrocarbonaceous
stationary phases. II. Irregular retention behaviour and
effect of silanol masking, J. Chromatogr., 203, 65 (1981).

Chatten, L.G. and Okamura, K.O., Assay of quaternary ammonium
compounds in various dosage forms by acid-~dye method,
J. Pharm. Sci., 62, 1328 (1973).

Icke, R.N., Wisegarver, B.B. and Alles, G.A.,
B-Phenylethyldimethylamine, Org. Syntheses, 25, 89 (1945).

Keller, H.P., Erni, F¥., Linder, H.R. and Frei, R.W.,
Dynamic slurry-packing technique for liquid chromatography
columns, Anal. Chem., 49 1958 (1977).

Bristow, P.A. and Knox, J.H., Standardization of test
conditions for high performance liquid chromatography
columns, Chromatographia, 10, 279 (1977).

Tilly-Melin, A., Askemark, Y., Wahlund, K. -G, and Schill, G.,
Retention behaviour of carboxylic aclds and their quaternary
ammonjum ion pairs in reversed phase chromatography with
acetonitrile as organic modifier in the mobile phase,

Anal. Chem., 51, 976 (1979).

Tanaka, N., Goodell, H, and Karger, B.,L., The role of
organic modifiers on polar group selectivity in reversed-
phase liquid chromatography, J. Chromatogr., 158, 233 (1978).

Karch, K., Sebestian, I, and Halasz, I., Preparation and
properties of reversed phases, J. Chromatogr., 122, 3 (1976).

Wehrli, A., Hildenbrand, J.C., Keller, H.P., Stampfli, R.
and Freil, R.W., Influence of organic bases on the
stability and separation propertiles of reversed-phase
chemically bonded silica gels, J. Chromatogr., 149, 199
(1978).

Tilly Melin, A., Ljungcrantz, M. and Schill, G., Reversed-
phase ion-pair chromatography with an adsorbing stationary
phase and hydrophobic quaternary ammonium ion in the mobile
phase. I., J. Chromatogr., 185, 225 (1979).

Iler, R.K., The Chemistry of Silica, Wiley-Interscience,
New York (1979).



BEHAVIOR OF SALBUTAMOL 1967

15.

16.

17.

18.

19,

20.

Giddings, J.C., Kinetic origin of tailing in chromatography,
Anal. Chem., 35, 1999 (1963).

Villermaux, J., Deformation of chromatographic peaks under
the influence of mass transfer phenomena, J. Chromatogr.
Sci., 12,822 (1974).

Bidlingmeyer, B.A., Deming, S.N., Price, W.P., Sachok, B.
and Petrusek, M., Retention mechanism for reversed-phase
ion-pair liquid chromatography, J. Chromatogr., 186,

419 (1979).

Crommen, J., Fransson, B. and Schill, G., Ion-pair
chromatography in the low concentration range by use of
highly absorbing counter ioms, J. Chromatogr., 142,

283 (1977).

Bijsterbosch, B.H., Characterisation of silica surfaces by
adsorption from solution. Investigations into the
mechanism of adsorption of cationic surfactants,

J. Colloid Interface Sci., 47, 186 (1974).

Bidlingmeyer, B.A., Del Rios, J.K. and Korpl, J. Separation
of organic amine compounds on silica gel with reversed-phase
eluents, Anal. Chem., 54, 442 (1982).






JOURNAL OF LIQUID CHROMATOGRAPHY, 6(11), 1969-1976 (1983)

HPLC ISOLATION AND CHARACTERIZATION OF
PENTACARBOXYLIC PORPHYRINS DERIVED FROM UROPORPHYRINOGEN IIT

C. K. Lim and J. M. Rideout
Division of Clinical Chemistry
MRC Clinical Research Centre
Watford Road, Harrow
Middlesec HA1 3UJ, United Kingdom.

ABSTRACT

A reversed-phase HPLC gystem with 22% (v/v) acetonitrile in 1 M
ammonium acetate buffer pH 5.7 as mobile phase on an ODS-Hypersil
column is developed for the analysis, isclation and characterization
of the pentacarboxylic porphyrins derived from uroporphyrinogen IIT.
The results proved conclusively that enzymic decarboxylation of
uroporphyrinogen III does not always begin at the ring D acetic acid
group and proceeds in a clockwise manner as currently believed.

INTRODUCTION

Uroporphyrinogen II1 is the first cyclic tetrapyrrole formed in the
biosynthesis of haem (1). .It is converted into coproporphyrinogen IIT
by stepwise decarboxylation of the side chain acetic acid groups and
is catalysed by the enzyme uroporphyrinogen decarboxylase. It was
proposed (2) that enzyme decarboxylation starts at the ring D acetic
acid group and proceeds in a clockwise fashion through the acetic
acid groups of ring A, B and C. To support this argument penta-
carboxylic porphyrins in the urine of normal subjects and patients
with porphyria cutanea tarda (PCT) were amalysed by HPLC (3). The
authors could not detect the pentacarboxylic porphyrin with the ring
D acetic acid group intact (Fig.1) and concluded that the clockwise

decarboxylation sequence must be correct.
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P Rb
Ra P
Rd Rc
P P
FIGURE 1. Structure of type III pentacarboxylic porphyrin isomers.
5 abec (Ra = Rb = Re = Me, Rd = CHZCOOH);
5 abd (Ra = Rb = Rd = Me, Re = CHZCOOH);
5 acd (Ra = Rc = Rd = Me, Rb = CHSCOOH);
5 bed (Rb = Rc = Rd = Me, Ra = CHECOOH).

This paper describes a highly efficient HPLC system for the detail
analysis of pentacarboxylic porphyrins (Fig.1) dervied from uro-
porphyrinogen III. The results provide unequivocal evidences for the
presence of naturally occurring pentacarboxylic porphyrin with the
ring D acetic acid group unaffected by enzymic decarboxylation and
therefore the existence of decarboxylation pathways other than that

(2) currently believed.

EXPERIMENTAL

Materials and reagents

Type ITI pentacarboxylic porphyrin isomers and type I pentacarboxylic
porphyrin were prepared by heating uroporphyrin IIT and I respective-
ly in 0.3 M HC1 at 160° for 2 h. Uroporphyrin I and IIT octamethyl
esters were from Sigma Chemical Co., Poole, Dorset, U.K. The esters
were hydrolysed in 25% (w/v) HCl at room temperature in the dark for
96 h.

Ammonium acetate, acetic acid, ethylenediamine tetraacetic acid
(EDTA) ethyl acetate and hydrochloric acid were AnalaR grade from
BDH Chemicals, Poole, Dorset, U.K.
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Acetonitrile was HPLC grade from Rathburn Chemicsls, Walkerburn,
Peebleshire, U.K.

Extraction of porphyrins from urine

The porphyrins were extracted onto talc and esterified as previously
described (4). The methyl esters were then hydrolysed in 25% (w/v)
HC1 for HPIC analysis.

High-performance liquid chromatography
A Varian Associates (Walnut Creek, CA, U.S.A.) model 5000 liguid

chromatograph was used. Injection was via a Rheodyne 7125 injector
fitted with g 100 pl loop. A variable-wavelength U.V. detector
(Varian UV-50) set at 404 nm or an LS-3 fluorescence detector
(Perkin-Elmer, Beaconsfield, Bucks., U.K.) set at an excitation

and an emission wavelength of 4O4 and 618 nm respectively, was

used for detection.

The analytical separation was carried out on a 25 ecm x 5 mm ODS-
Hypersil column (Shandon Southern Ltd., Runcorn, Cheshire, U.K.)
with 22% (v/v) acetonitrile in 1 M ammonium acetate buffer pH 5.16
as eluent. The mobile phase flow rate was 1 ml/min. Preparative
HPIC was carried out on a 25 cm x & mm ODS-Hypersil column using

the same mobile phase but with EDTA (100 ml/1) added to prevent

the formation of metalloporphyrins. The flow rate was 3 ml/min.
The isolated porphyrin fractions were washed with ethyl acetate.

The aqueous solutions were adjusted to pH 3.0-3.2 and the porphyrins
were extracted into ethyl acetate and were recovered by evaporation

of the solvent.

RESULTS AND DISCUSSION

There are four possible type III pentacarboxylic porphyrins (Fig.1)
that can be produced by enzymic decarboxylation of uroporphyrinogen
IIT or by heating uroporphyrin III in acid. The separation of a

standard mixture and of the corresponding porphyrins in the urine
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FIGURE 2. HPIC separation of pentacarboxylic porphyrin isomers.

(a) Standard mixture; (b) normal urine extract; (c¢) PCT urine
extract. Column, ODS-Hypersil; mobile phase, 22% (v/v) acetonitrile
in 1 M ammonium acetate buffer pH 5.16; flow rate,1 ml/min. 5 I is
type I pentacarboxylic porphyrin. For other peak identification see
FIGURE 1.

of normal subjects and PCT patients is shown in Fig.2(a,b and c¢).
The detection of the pentacarboxylic porphyrin 5 abc in urine
clearly demonstrates that porphyrins with the ring D acetic acid
intact are definitely natural products. The enzymic decarboxyl-
ation of uroporphyrinogen III in man is therefore able to begin at
the acetic acid groups of either ring A, B, C or D and is not
restricted to ring D as reported (2). The most obvious reason for
the different results obtained is that our HPIC system is highly
efficient and is able to completely resolve the four type TIT
isomers and the type I isomer. This was not possible with the
system reported for the separation of pentacarboxylic porphyrin
methyl esters (3).

The pentacarboxylic porphyrins in the urine were isolated by
preparative HPLC and on decarboxylation by heating in 0.3 HC1 at
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FIGURE 3. HPLC meparation of pentacarboxylic porphyrins formed by
decarboxylation of type IIT (a) Hepta- and (b) hexa-carboxylic
porphyring isolated from PCT urine. HPLC conditions as in FIGURE 2.

For peak identification see FIGURE 1.
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200° for 2 h each gave the same product, coproporphyrin III.

They are therefore isomers. The porphyrin 5 abc can be positively
identified by comparing the partial decarboxylation products formed
by heating uroporphyrin III and the heptacarboxylic porphyrin IIIL
isolated from PCT urine which is known to be a pure compound with
the ring D acetic acid decarboxylated (5). On partial decarboxyl-
ation of uroporphyrin IIT in 0.3 M HC1l at 160° for 2 h all four
possible pentacarboxylic isomers were formed (Fig.2a). The de-
carboxylation of the heptacarboxylic porphyrin, on the other hand,
produced only 5 bed, 5 acd and 5 abd (Fig.3a). The 5 zbc peak is

therefore easily identified.

The porphyrin 5 bed can be similarly identified by partizl de~
carboxylation of the hexacarboxylic porphyrin with the ring A and
D acetic acid groups decarboxylated. This compound can be isolated
from PCT urine or. faeces by preparative HPIC (5) and on heating in
0.3 M HC1 at 1600 for 1 h gave 5 abd and 5 acd (Fig.3b), thus
allowing the assignment of the 5 bed peak.

The remaining 2 peaks, 5 abd and 5 acd, were assigned by their
chromatographic behaviours. 5 abd was more strongly retained than
5 acd because the three side chain Me-groups are closer to each
other and this imparts a stronger hydrophobic interaction with the

C18 stationary phase.

The partial decarboxylation of uro-, hepta- and hexa-carboxylic
porphyring followed by HPLC separation and isolation is a simple
way of obtaining pure pentacarboxylic porphyrin isomers important
for biochemical studies. It is common for the enzyme uroporphyrin~
ogen decarboxylase to be assayed using synthetic 5 abd as the
substrate (6). The availability of this compound, however, is
limited to a few chemical laboratories interested in its synthesis.
The present system is thus invaluable for the preparative isolation
of 5 abd and its isomers.
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STUDIES ON STEROIDS CLXXXIT.
DETERMINATION OF 68-HYDROXYCORTISOL IN URINE BY HIGH-PERFORMANCE
LIQUID CHROMATOGRAPHY WITH FLUORESCENCE DETECTION

Junichi Goto, Fazel Shamsa and Toshio Nambara*
Pharmaceutical Institute
Tohoku University
Sendai 980, Japan

ABSTRACT

A new sensitive method for the determination of 63-hydroxy-
cortisol in urine by high-performance liquid chromatography with
fluorescence detection has been developed. 6 g-Hydroxycortisol
and its C-6 epimer (internal standard) were transformed quanti-
tatively into the 21-(9-anthroyl) derivatives when treated with
9-anthroyl nitrile in the presence of triethylamine in aceto-
nitrile. The resulting fluorescent esters were readily separated
on a Cosmosil 58L columm using ethyl acetate/hexane (2:1) as a
mobile phase with a detection limit of 25 pg. The efficient
clean-up was achieved by the combined use of Bond Elut and Clin
Elut cartridges. The present method is applicable to the quan-
tification of 6B-hydroxycortiol in human urine with satisfactory
accuracy and precision.

INTRODUCTION

6 B-Hydroxycortisol is'a polar unconjugated metabolite of
cortisol in human urine (l1). The urinary excretion is signifi-
cantly elevated in the newborn, pregnancy and cancer as well as
in humans who administered drugs such as diphenylhydantoin, phe-
nobarbital and o,p'~DDD. Several methods which involve radio-
immunoassay (2,3) and enzyme immunocassay (4), have already been

1977
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developed for the determination of 68-hydroxycortisol in bioclogi~-
cal fluids. For this purpose high-performance liquid chromato-
graphy (HPLC) has also been employed (5). The procedure, how-
ever, is still unsatisfactory with respects to the sensitivity
and simplicity. The present paper deals with a new method for
the determination of 6B-hydroxycortisol in urine by HPLC with
fluorescence detection using 9-anthroyl nitrile as a pre-columm

labeling reagent.

MATERIALS AND METHODS

Apparatus

The apparatus used was a Waters 6000A solvent delivery sys-
tem (Waters Assoc., Milford, MA, U.S.A.) equipped with a Hitachi
650~10 LC fluorescence spectrophotometer (Hitachi Ltd., Tokyo,
Japan) (excitation wavelength 360 nm; emission wavelength 460
nm). The test samples were applied to the chromatograph by a U6K
sample loop injector (Waters Assoc.) with an effective volume of
2 ml. The Cosmosil 5SL (5 um) (150 mm x 4 mm i.d.) (Nakarai
Kagaku Co., Kyoto, Japan) and LiChrosorb RP-18 (5 ym) (125 mm x &4
mm i.d.) (E. Merck AG, Darmstadt, F.R. Germany) columns were used

under ambient conditioms.

Chemicals and Reagents

6 3-Hydroxycortisol and 6 o~hydroxycortisol were prepared in
these laboratories by the known methods and purified by repeated
recrystallization. 9-Anthroyl nitrile was synthesized in the
manner described ‘in the previous paper (6). All other chemicals
employed were of analytical-reagent grade. Solvents were puri-
fied by distillation prior to use. The Clin Elut CE1000M and
Bond Elut 018 607101 cartridges were purchased from Analytichem
International, Inc. (Harbor City, CA, U.S.A.). A Bond Elut car~
tridge was washed successively with ethanol (10 ml) and water (10

ml) before use.
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Derivatization with 9-Anthroyl Nitrile

To a test sample was added a solution of 9-anthronyl nitrile
(100 pg) in 5% triethylamine/acetonitrile (100 pl), and the whole
was kept at room temperature for 1 hr. After removal of the sol-
vent with an aid of nitrogen gas stream, the residue was redis-
solved in acetone (100 pl), mixed with hexane (2 ml), and heated
at 70-80°C for a few minutes to remove acetone. The solution was
applied to a Clin Elut cartridge which was previously impregnated
with 0.1 N NaOH (0.3 ml). The cartridge was washed with hexane
(4 ml) to remove the excess reagent, and the desired fraction was
eluted with dichloromethane (4 ml). The eluate obtained was dri-
ed in vacuo and redissolved in ethyl acetate (0.5 ml). A 10 ul

aliquot of the solution was injected into the chromatograph.

Procedure for the Determination of 6fB-Hydroxycortisol in Urine

A urine sample (0.5 ml) was pipetted into a test tube con-
taining a known amount of 6a-hydroxycortisol (ca. 50 ng) in phos-
phate buffer (pH 7) (1 ml). The mixture was applied to a Bond
Elut cartridge impregnated with phosphate buffer (pH 7) (1 ml).
The cartridge was washed successively with water (3 ml) and 5%
ethanol (3 ml), and the desired fraction was eluted with 70%
ethanol (2 ml). The eluate obtained was dried in vacuo and
redissolved in ethyl acetate (0.3 ml). The solution was applied
to a Clin Elut cartridge impregnated with 15% ammonium carbonate
(0.3 ml). The desired fraction was eluted with ethyl acetate (4
ml). The eluate obtained was subjected to pre—columm derivati-

zation followed by HPIC in the manner described above.

RESULTS AND DISCUSSION

In the previous papers we reported the reactivities of 9-
anthroyl nitrile and l-anthroyl nitrile toward various hydroxyl

groups on the steroid nucleus (6,7). The former reagent is capa-
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ble of reacting selectively with the primary hydroxyl groups at
C-21 in cortisol and cortisone in triethylamine/acetonitrile.
Therefore, 9—anthroyl nitrile appeared to be also promising for
derivatization of 6p-hydroxycortisol. Initially, the suitable
condition for acylation of 6 B-hydroxycortisol with 9-anthroyl
nitrile in triethylamine/acetonitrile was investigated (Figure
1). The excess of the reagent which would disturb the chromato-
gram, could be efficiently removed by passing the reaction mix-
ture through a Clin Elut cartridge. The effects of concentration
of triethylamine in acetonitrile and reaction time on the forma-
tion of the ester were examined. The reaction rate was signifi-
cantly influenced by the concentration of triethylamine where the
maximum yield was obtained with 5% triethylamine in acetonitrile.
In addition, the formation of the ester increased with the reac-
tion time up to 60 min and reached a plateau as illustrated in
Figure 2.

The HPLC separation of derivatized 6R8-hydroxycortisol and
6a-hydroxycortisol was more satisfactorily achieved on a normal
phase column (Cosmosil 5SL) using ethyl acetate/hexane (2:1) as a
mobile phase rather than on a reversed phase columm (LiChrosorb
RP~18).

A calibration curve was constructed by plotting the ratio of
peak area of 6f-~hydroxycortisol to that of 6o -hydroxycortisol
(internal standard) against the amount of the former where a
linear response was observed in the range of 50 to 400 ng of 6B-
hydroxycortisol.

The combined use of Bond Elut and Clin Elut cartridges
proved to be effective for the clean-up of urinary 6R-hydroxy-
cortisol. As illustrated in Figure 3, the desired 68-hydroxy-—
cortisol was recovered at the rate of 95% when eluted with 2 ml
of 70% ethanol after washing with 5% ethanol. The typical
chromatograms of 6R-hydroxycortisol together with 6 0-hydroxy—

cortisol are shown in Figure 4. A known amount of 6f-hydroxy-
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FIGURE 1 Reaction of 6R-Hydroxycortisol with 9-Anthroyl Nitrile
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FIGURE 2 Time Course for Derivatization of 6R-Hydroxycortisol
with 9-Anthroyl Nitrile

cortisol was added to human urine specimens at two levels and
their recovery rates were determined by the standard procedure.
It is evident from the data in Table I that the satisfactory
results are obtainable by the proposed method.

The present method was then applied to the determination of
6 R-hydroxycortisol in urine specimens collected from seven male
healthy volunteers. As listed in Table II, the urine levels of
6 R~hydroxycortisol were observed in the range previously esti-

mated by the enzyme immunoassay method (4).
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FIGURE 3 Elution Pattern of 6f-Hydroxycortisol on a Bond Elut
Cartridge
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FIGURE 4 Chromatograms of 68-Hydroxycortisol and 60 -Hydroxy-
cortisol Derivatives formed with 9-Anthroyl Nitrile
a) Standard sample; b) urine sample. 1: 6R—hydroxy-
cortisol, 2: 6a-hydroxycortisol (intermal standard).
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TABLE 1
Recovery of 6R-Hydroxycortisol added to Human Urine

Urine Added Expected Found Recovery
(ng/0.5 ml) (Z + S.D.*)
86 50 136 137 101 + 1.6
193 100 293 270 92 + 2.1
* n=8
TABLE II

Urine Levels of 6B-Hydroxycortisol in Healthy Male Volunteers
(ug/24 hr)

Subject A B c D E F G Mean

407 254 503 212 278 219 246 303 + 45

TABLE III
The k' Values and Peak Area Ratios of 6p-Hydroxycortisol in
Human Urine to Internal Standard

A B Cc
S u S U S U
63-Hydroxycortisol 0.77 0.77 0.79 0.79 0.84 0.84
6a-Hydroxycortisol 0.80 0.80 0.83 0.83 0.8 0.86
Peak area ratio (6B/60) 1.32 0.82 - - 1.32 0.80

S: standard sample, U: urine sample.

Conditions: A) Cosmosil 58I, ethyl acetate/hexane (2:1), 1 ml/
min; B) Cosmosil 5SL, ethyl acetate/chloroform (3:4), 1.5 ml/
min; C) LiChrosorb RP-18, methanol/water (3:1), 0.6 ml/min.
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The disadvantage of HPLC in structural elucidation, because
the information provided is insufficient, has already been point-
ed out. In order to solve these problems, several methods have
already been devised. Previously, we demonstrated an attempt for
unequivocal characterization of bile acid sulfates in 'bile by
HPLC using mobile phases of varying pH (8). In this study, a
similar approach was done for structural characterization of 68—
hydroxycortisol in urine. The eluate corresponding to the peak
on the chromatogram was collected and, after the addition of the
derivatized 60~hydroxycortisol, was subjected to HPLC under three
different conditions. As listed in Table III, k' values of 68—
hydroxycortisol in human urine were completely identical with
those of the authentic sample. Moreover, the peak area ratio of
the two epimers showed the same value under two different HPLC
conditions. These results imply that the present method under-
goes no interferences with coexisting substances and is favorable
for the determination of 6B-hydroxycortisol in urine.

The newly developed method for the determination of 68—
hydroxycortisol in biological fluids is highly sensitive, conve-
nient and may be useful for monitoring the effects of hormones

and drugs acting as inducers of microsomal enzymes.
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ABSTRACT

More than twenty Cj1902 androgen acetates were chromato-
graphed by both normal-phase (silica) and reversed-phase (Cjg)
HPLC. These two HPLC systems together with mnormal-phase and
reversed-phase HPLC of free androgens have made the separation
of various Cy1909 androgen 1isomers possible. 3,17-Diacetoxy-
androstane derivatives, 1in general, are more polar in normal-
phase HPLC when the 3-acetoxyl group is equatorial than when
it is axial. However, 3—-acetoxyandrostan—l7-one derivatives are
more polar in normal-phase HPLC when the 3—acetoxyl group is
axial than when it is equatorial. 17o-acetoxyandrostane deriv-
atives in general are more polar than their 17f-analogs in both
normal-phase and reversed—-phase HPLC.

INTRODUCTION
High-performance liquid chromatography (HPLC) of androgens
has been reviewed recently 1,2,3, They were chromatographed as
either free androgens or theilr derivatives. Androgen derivatives
used were 2,4-dinitrophenylhydrazine derivatives", benzoates, p~
6 7,8, Gorog

nitrobenzoatess, sulfates, glucuronides and acetates

and Herenyi7 have separated epimers of ethynodiol diacetate by

1987
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reversed-phase HPLC. Holder 55_21:8 have used reversed—-phase HPLC
for the trace analysis of trenbolone acetate and trenbolone.

We have recently reported both normal-phase and reversed-
phase HPLC of 69 underivatized free androgens including Cjq0,
C1905 and C19039 for the study of the metabolism of 4—[4-14C]
androstene—3,17-dione (C1902). These two HPLC systems complement
each other, but still are not good enough for the identification
of the radioactive metabolites, because some androgens do not
separate well in both systems. We have previously used both
normal-phase and reversed-phase HPLC and co-crystallization to
constant specific radioactivity to identify the reduction products
of 4—[4—1AC]progesterone in pea plantslo. That work required 10
mg of each reference compound for co-crystallization. 1In the
study of the metabolism of 4—[4—14C]androstene—3,17—dione in
cucumber plantsll, we were limited by the scarcity of some
androgens.

In this communication, both normal-phase and reversed—phase
HPLC of androgen acetates are described. These two HPLC systems
together with both normal-phase and reversed-phase HPLC of free
androgens have made the identification of the radioactive metabo-
lites of 4-[4—1401androstene—3,17-dione in cucumber plants possi-
ble without using co—crystallizationll. Ten radicactive metabo-
lites have been identified including the major metabolite, testos—
terone. This communication is limited to C1903 androgens, because

no significant radioactivities of C190 and C1903 androgens metabo-
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lized from 4-[4—1401androstene—3,17-—dione were detected by the

HPLC of free androgens in cucumber plantsll.

METHODS

The HPLC system consisted of a pump (Model 110A, Altex,
Berkeley, California) with a high sensitivity pressure filter
(Altex), a sample injector (Model 7125, Rheodyne, Cotati, Cali-
fornia) with a loop volume of 1 ml, a variable wavelength UV-
V1S detector (Model 155-30, Altex) and a recorder (Model 385,
Linear, Irvine, California). The normal-phase column was a 25
cm X 0.46 cm stainless—steel chromatography tube, packed with
Zorbax BP-SIL (silica; 7-8 ym; DuPont, Wilmington, Delaware).
The reversed-phase column had the same dimensions, but it was
packed with Zorbax BP-ODS (Cig8; 7-8 imj; DuPont). The columns
were packed in this laboratoryl2,

Androgen acetates were made by acetylation of free androgen
(1-5 wg) with 0.5 ml pyridine and 0.25 ml acetic anhydride (Ace-
tylation Kit, Applied Science Laboratories, State College, Penn-
sylvania). The UV detector at 200 nm was used for androgen ace-—
tates, because the Mpzy of Sa-androstane-38,17g-diol is 200 nm.
About 2 ug of the A%4- or As-androgen acetates and about 200 g
of the other androgen acetates were analyzed by HPLC. The chro-

matographlic conditions are given in figure legend and Table 1.

RESULTS AND DISCUSSION

The results are summarized in Table 1. Systems 1 and 2, the

normal-phase and reversed—phase HPLC of free androgens, have been
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TABLE 1

HPLC Retention Times (min.) Of Cy902 Androgens

Hydroxyl groups are indicated by o and B, depending on orien-
tation at C-3 and C-17. However, at C-5, a and B are used to
designate the orientation of hydrogen. Keto groups are indi-
cated by 0, and double bonds by A. Free androgens were chroma-—
tographed in Systems 1 and 2 (published previouslyg), acetates
in all other systems. System 1, normal-phase column, hexane-
ethanol (97:3); System 2, reversed-phase column, methanol-water
(7:3); System 3, normal-phase column, hexane—ethanol (998:2);
System 4, normal-phase column, hexane—ethanol (995:5); System 5,
normal-phase column, hexane—ethanol (99:1); System 6 (see Fig.
1), reversed-phase column, methanol-water (9:1); System 7, re—
versed—phase column, methanol-water (8:2). Capacity factors, k'
= t~to/tos to = 1.60 min (normal-phase), tg = 1.24 min (reversed-
phase).

No. Substituents Systems
3 4 5 17 1 2 3 4 5 6 7

1 0 - 8 O 7.5 15.5 - - - - -

2 0 - A O 8 17.5 - - - - -

30 - a O 8 17.75 - - - - -

4 0 - B «a 8.5 23 - 17 7.5 - 11.5

5 g - 8 O 10 14.25 - 12.5 - - 12.5

6 0 - o o 10.25 18 - 31 9.5 - 12.5

7 a = o O 12.5 16.25 - 14.5 - - 14.25

8 B - A O 12.5 11.25 - 11 - - 12.75

9 0 - a B 12.5 16 - 15 - - 14.75
10 0 - B B8 12.5 15.75 - 16.25 - - 13.25
11 8 - o O 13 14.75 - 11.5 - - 15

12 ¢« - g O 13 16.25 - 10.5 - - 12
13 g - B B8 16.5 11.75 15 - - 9 -
14 ¢« - o B 18 16.75 12.5 - - 9 -
15 B - B8 a 19.25 16 15 - - 7.75 -
16 0 Ao - 0 20 11.5 - - - - -
17 B - Ao B 20 10.25 19.5 5 - 9.25 -
18 B - a B 20 13.5 22 - - 10.5 -
19 g A - g 20.25 9.75 20.75 - - 8 -
20 a -~ a o 20.25 33 14.75 - - 8.25 -
21 B8 - A o 20.5 11.25 23.5 5.5 - 7 -
22 g - a o 20.5 1l4.5 20.75 - - 7 -
23 0 A - o 21.5 12 - - 18.5 - 9.75
24 o - B o 24 32 21.25 - - 7 -
25 a - g B 24 15.5 13 - - -
26 0 A - B 25.75 10.75 - - 16.75 - 9.75
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FIGURE 1. Reversed-phase chromatogram of androstane-3,17-diol
diacetates. Between 1 ug (5—androstene—-38,17 o~diol diacetate)
and 30 ug (5a-androstane-38,178-diol diacetate) of diacetates,
dissolved in 100 ul of methanol, were chromatographed on a column
of Zorbax BP-0DS, 25 cm x 0.46 cm. Eluent, methanol-water (9:1);
flow rate, 2 ml/min; pressure, 500 p.s.i.; UV detector, 200 nm,
range 0.5; recorder, speed 12 cm/h, span 10 mv.
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publishedg. The retention times (min) in Table 1 have never
varied more than 5% except at System 3 where the eluent used
contained very small amount of ethanol in hexane. The HPLC of
androgen acetates (Systems 3-7, Table 1) showed that l7-acetoxy-
4-androsten-3-ones (compounds 23 and 26, Table 1) are more polar
than mono—acetoxy-monoketo—androstane derivatives (compounds &4-—
12) and that mono—acetoxy-monoketo—-androstane derivatives are
more polar than diacetoxyandrostane derivatives in both normal-
phase and reversed-phase HPLC. Apparently, in these HPLC systems,
a conjugated keto group is more polar than an isolated keto group
and an isolated keto group is more polar than an acetoxyl group.

3,17-Diacetoxyandrostane derivatives, in general as shown in
Table 2, are more polar in normal-phase HPLC when the 3-acetoxyl
group is equatorial than when it is axial. This is similar to
the results for 3-hydroxyandrostane derivatives?. However, 3-ace—
toxyandrostan—17-one derivatives, as shown in Table 2, are more
polar in normal-phase HPLC when the 3-acetoxyl group is axial than
when it is equatorial. Normal-phase HPLC, in general, separates
pairs of equatorial 3-acetoxy— and axial 3-acetoxy—androstane
derivatives better than reversed-phase HPLC. However, reversed-
phase HPLC separates pailrs of equatorial 3-hydroxy— and axial
3-hydroxy-androstane derivatives better than normal-phase HPLC
except for the pairs of 5—epimersg.

17a-Acetoxyandrostane derivatives, in general, are more po-

lar than their 178-analogs in both normal-phase and reversed-
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TABLE 2

Relative Polarities Of Androgen Acetates

> Indicates that the first group of steroids is, as a rule, more
polar than the second. N = normal-phase, R = reversed-phase, e
= equatorial, a = axlal, + indicates that the rule shown in each
heading is obeyed, = indicates that it is violated, = indicates
that analogues are 1inseparable. The superior HPLC system for
each group of analogue separations 1is underlined. The compound
numbers are the same as those in Table 1.

Comparison between 3—acetoxy(e) and 3—acetoxy(a)

3a(e),58>3a(a),5a N R 38(e),53a(a),5a N R
12 7 - 4+ 11 7 - -
24 20 + o+ 18 14 + -
25 14 + = 22 20 + o+

38(e),3a0>38(a),58 N R 3a(e),58>38(a),58 N R
11 5 - - 12 5 -+
18 13 + - 24 15 + o+
22 15 + o+ 25 13 - =

38(e),A>3a(a),5a N R 38(e),A5>38(a),58 N R
8 7 -+ 8 5 - -
17 14 + - 17 13 + -
21 20 + o+ 21 15 + 4+

38(e), A%4>3a(a), 5a N R 38(e),8%>3p8(a),58 N R
19 14 + 4+ 19 13 + o+

Comparison between l7a—acetoxy and 17 g-acetoxy

172178 N R 170178 N R
6 9 + + 21 17 + +
4 10 + + 22 18 - +

15 13 = + 23 26 + =

20 14 + + 24 25 + +
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phase HPLC as shown in Table 2. However, l7 o hydroxyandrostane

derivatives are less polar than their 178-analogs in reversed-—
phase HPLCY . Androgen acetates inseparable by normal-phase HPLC
can often be separated by reversed-phase HPLC and vice versa.
These two HPLC systems together with normal-phase and reversed-
phase HPLC of free androgens have made the separation of various

C1909 androgen isomers possible.
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ABSTRACT

An improved method for the quantitation of 3-methoxy-4-
hydroxyphenylethyleneglyeol in cerebrospinal fluid is deseribed. Sample cleaning
was done by SEP PAK Cyg Cartridge prior to the MHPG assay by high-performance
liquid chromatography with electrochemical detector. The results are in good
agreement wilth the GC/MS method. The average recovery is 68.3+4.1%, within
run coefficient of variation of 3.8% and day to day of 7.2%. The method is simple,
sensitive and accurate and can be used for routine work.

INTRODUCTION
3-Methoxy-4-hydroxythenylethylene glycol (MHPG or HMPG) is the major

metabolite of norepinephrine. Its level in biological fluids and tissues has been
measured in depression, anxiety and pain (1-13), obesity, hypertension and mania
(14), sleep disorder (15), Gilles de la Tourette's syndrome (16) and tumors such as
pheochromocytoma, neuroblostoma and ganglioneuroma (17). In plasma and urine
large quantities of this metabolite exist mostly as sulfate and glucoronate
conjugate. In amniotic fluid about 40% is free (18). Because of its poor volatility

and thermal instability its assay involves deconjugation, extraction, addition of
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internal standard, and derivatization. Presently the assay is done by flourimetry
(19), high-performance liquid chromatography (20-24), gas chromatography (25-28)
and GC/mass spectrometry (29-33).

Low levels of MHPG are present in cerebrospinal fluid existing almostly
completely in the free state. The compound has been assayed by direct injection
into HPLC column after sample cleaning by SEP PAK Cjyg cartridge. We have
simplified this HPLC assay of cerebrospinal MHPG considerably, while achieving

higher sensitivity and reproductivity.

MATERIALS AND METHOD

Chemicals

3-methoxy-4-hydroxyphenylethylene glycol piperazine salt was purchased
from Sigma Chemical C0. (St. Louis, MO, U.S.A.). SEP PAK Cjg Cartridge was
obtained from Waters Associates, Inc. (Milford, MA, U.S.A.). All solvents, buffer
components and chemicals were of analytical reagent grade. Water was deionized

and then double distilled in glass.

Apparatus

The HPLC system is made of four components, M-45 solvent delivery system
(Waters Associates, Inc.); Model 7125 injection valve (Rheodyne Ine., Cotati, CA,
U.S.A.). Biophase ODS 5 um Cyg reverse phase column (Bioanalytical systems,
West Lafayette, IN, U.S.A.) with an in-line guard column of 5 um RP-18 (Brownless
Labs, Santa Clara, CA, U.S.A.) and LC-3 detector with a TL-5 glassy carbon
electrode (Bioanalytical systems), The mobile phase consists of 0.009 mol/l citric
acid and 0.089 mol/l sodium acetate buffered to pH 5.1 and contains 3% methanol,

It was degassed by filteration under vacuum through a millipore 0.2 um membrane,
Procedure
The SEP PAK Cj1g Cartridge was activated by passing through 5 ml of

methanol under vacuum. It was then washed with 10 ml of water to make certain
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Fig. 1. Chromatograms of (A) MHPG standard (2 ng), (B) Direet injection of CSF
sample, (C) CSF sample after SEP PAK cleaning. Chromatographic conditions as

described under experimental,

that no methanol was left in the cartridge. The CSF sample (1 ml kept in ice) was
then filtered slowly through the cartridge and washed wilth 5 ml, water. A second
wash with 0.2 ml mobile phase containing 50% methanol was performed. The
MHPG was then elected from the SEP PAK with 1 ml of mobile phase containing
50% methanol into a 50 ml round bottomed flask with a standard joint. The
contents of the flask were then evaporated at 350C to dryness (five minutes) on a
rotary evaporator. The residue was redissolved in 0.5 ml mobile phase and aliquots
were injected into the HPLC column.

Standard solutions of 5 to 20 ng MHP G piperazine salt in water were prepared
and passed through SEP PAK, as were the CSF samples. The same cartridge was
regenerated everytime before filtering the next sample by washing it with 5 ml of

methanol and then with 10 ml of water. A standard eurve was drawn with peak
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Table 1
MHPG in CSF (ng/ml)
Patient Number GC/MS HPLC
1 12.5 13.0
2 13.3 14.2
3 14.4 13.2
4 14.5 15.3
5 19.0 18.7
6 12.8 13.4
7 10.7 11.5
8 12.8 11.5
9 21.6 24.0
10 16.5 15.0
Mean 14.8 15.0
S.D. 3.3 3.8

heights against different amount of MHPG injected. The GC/MS assay was done

according to B. Sjoquist et al. (30).

RESULTS AND DISCUSSION

Typical chromatograms are shown in fig. 1. The retention time for MHPG is
ten minutes. The results are compared with the GC/MS assay and are shown in
table 1. They are in excellent agreement. The sensitivity is 1.6 ng/ml CSF and can
be improved using more than 1 ml of CSF. The recovery from SEP PAK Cjyg

Cartridge is 68.3+4.1% (M+S8.D,, N=10) for 5 to 100 ng/ml of MHPG. The within
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day coefficient of variation is 3.8 % and day to day variation is 7.2% for an
average value of 13.8 ng/ml of pooled CSF samples (N=15). As shown in fig. 1

SEP Pak cleaning removes many of the unwanted materials from the samples
thus reduces column contamination and achieve base line separation. Sinee the
sample is reconstituted in the mobile phase before injection into the column, the
peak shape remains the same irrespective of the volume injected. On the average
ten samples can be assayed in a day. The same SEP PAK can be used for several

samples. The method is very simple, sensitive, inexpensive and accurate.
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LIQUID CHROMATOGRAPHIC ANALYSIS OF PENTAZOCINE
AND TRIPELENNAMINE IN COMBINATION

F. Taylor Noggle, Jr.
Alabama Department of Forensic Sciences
P. 0. Box 231
Auburn, AL 36830

ABSTRACT

A reverse phase and normal phase liquid chromato-
graphic procedure is described for the separation of
pentazocine and tripelennamine. The isocratic methods
use dual wavelength detection at 254, 280, and 313 nm.

INTRODUCTION

Pentazocine and tripelennamine is a combination
of drugs which 'has been encountered in many parts of
the United States as an intravenous substitute for
heroin. Pentazocine, the active drug ingredient in
Talwin tablets, is a potent analgesic with compari-
sons of analgesic properties made to codeine (1).
Tripelennamine is an ethylenediamine class of anti-
histamine producing somnolence in a fair proportion of
patients (2). Recently, tripelennamine has been

encountered in counterfeit Quaalude preparations.

2005
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The combined intravenous abuse of pentazocine
and tripelennamine is referred to on the streets as
"7's and Blue's" or "T's and B's." The "T's" is
derived from the trade name of the 50 mg Talwin tablet
and "Blue's" from the blue color of the PBZ or
tripelennamine tablet. As early as 1973 in the state
of Alabama Talwin tablets were documented as an intra-
venous drug of abuse when several deaths were docu-
mented as the result of pulmonary complications due to
binder in the tablets. The combined abuse of pentaz-
ocine and tripelennamine apparently began about 1977,
mainly in Chicago and St. Louis (3,4), and then spread
throughout the Midwest (5).

Numerous items of drug paraphernalia suspected of
containing pentazocine and tripelepnnamine have been
submitted to this agency for analysis. High pressure
ligquid chromatography (HPLC) has proven to be an
effective screening method for the presence of the two
drugs. Reverse phase HPLC is a useful technique for
screéning paraphernalia when the suspected drugs are
dissolved in an aqueous medium for injection. Thin
layer chromatography (6) and gas chromatography/mass
spectrometry (7) have been used for the simultaneous
detection of pentazocine and tripelennamine. In a

recent publication Monforte et al. (8) described a
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procedure for the combined detection of pentazocine

and tripelennamine by thin layer chromatography (TLC),
gas chromatography (GC), ultraviolet spectrophotometry
(uv) , and spectrofluorometry in biclogical specimens.
However, HPLC data was not included. This paper
identifies the HPLC methods which have proven effective
in identifying pentazocine and tripelennamine in

combination.

EXPERIMENTAL

Reagents and Chemicals

Pentazocine hydrochloride and tripelennamine
hydrochloride were obtained from their respective
manufacturers and used without further purification.
All solvents were HPLC grade except diethylamine which
was reagent grade and were purchased from Fisher
Scientific Co., Fair Lawn, NJ.

Instrumentation

The liquid chromatograph consisted of a Waters
Associates (Milford, MA) Model 6000 A pump, Model U6K
injector, Model 440 UV detector with dual wavelength
accessory capable of operation at 254, 280, and 313
nm, and a Houston Instrument (Austin, TX) OmniScribe

dual pen recorder.
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Chromatographic Procedures

Reverse phase separations were carried out on a
30 cm x 3.9 mm id.IFBondapak C18 column (Waters
Associates) at ambient temperature. The analytical
column was preceded by a 7 cm x 2.1 mm id guard column
dry packed with CO:Pell ODS (Whatman Inc., Clifton,
NJ). Powdered samples (10 mg each) of the two drugs
were dissolved in HPLC grade methanol and chromato-
graphed using a mobile phase (solvent system A) of
pH 3.0 phosphate buffer - HPLC grade methanol - HPLC
grade acetonitrile (10+3+1). The pH 3.0 phosphate
buffer was prepared by mixing 9.2 g monobasic sodium
phosphate (NaH2P04) in 1 L double distilled water and

adjusting the pH to 3.0 with 2N H,PO,. The mobile

3774
phase flow rate was 2.0 mL/min and the detector was
operated at 0.2 AUFS. Absorbance ratios were calcu-
lated from the average peak height measurements of a
minimum of 3 injections for each drug tested.

Normal phase separations were carried out using
a 30 cm x 3.9 mm id )lPorasil column (Waters Associates)
at ambient temperature. The analytical column was
preceded by a 7 cm x 2.1 mm id guard column dry packed
with HC Pellosil (Whatman Inc., Clifton, NJ). The

mobile phase (solvent system B) was a mixture of

cyclohexane-methylene chloride-methanol-diethylamine
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(450+404+10+0.5) . The mobile phase flow rate was
1.5 mL/min and the detector was operated at 0.2 AUFS.
Absorbance ratios were calculated in the same manner

as described above.

RESULTS AND DISCUSSION

The UV absorption spectra of pentazocine and
tripelennamine have proven useful in screening various
samples suspected of containing this combination of
drugs. Pentazocine exhibits absorption maxima at
approximately 280 and 222 nm in agqueous acidic medium
while tripelennamine absorbs at approximately 314
and 240 nm. Monforte et al. (8) presented a detailed
description of the ultraviolet spectra of these drugs
when present in combination in an earlier publication.
The absorption properties of these two drugs make them
likely candidates for separation by HPLC with ultra-
violet detection.

The chromatographic properties of pentazocine and
tripelennamine were examined in reverse phase and
normal phase systems. The reverse phase separation was
maximized using an isocratic solvent system of pH 3.0
phosphate buffer-methanol-acetonitrile (10+3+1).

The separation from a representative sample which was

removed from a bottle cap is shown in Figure 1. The
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280 nm

254 nm

—_—r
20 15 10 ] o}

TIME (MINUTES)
FIGURE 1 .
Reverse phase liquid chromatogram of (1)

tripelennamine and (2) pentazocine at 254 and 280 nm.
Mobile Phase, Solvent System A.
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highly acidic mobile phase produces good resolution
and sufficient solute retention. Under these condi-
tions pentazocine (pKa 8.76) and tripelennamine

(pKa 4.2, 8.71) should exist exclusively as the
protonated amine.

The addition of acetonitrile to the mobile phase
rather than using pH 3.0 phosphate buffer-methanol
(5+2) decreased the elution time of tripelennamine and
pentazocine approximately 3 min and 5 min respectively
as well as improved the symmetry of the peaks. Figure
2 illustrates the improved peak symmetry and retention
times using a combination of methanol and acetonitrile
in the mobile phase.

The normal phase separation of pentazocine and
tripelennamine was accomplished using an isocratic
solvent system of cyclohexane-methylene chloride-
methanol-diethylamine. Figure 3 illustrates the
separation of a representative sample removed from a
bottle cap.

Further proof of the identity of pentazocine and
tripelennamine may be obtained from a ratio of absor-
bances at various wavelengths. Baker et al. (9)
have used the A254/A280 ratio to determine the identity
of drugs having similar elution characteristics in

an HPLC system. However, the interlaboratory use of
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TABLE 1

Retention and Absorbance Data
for Pentazocine and Tripelennamine

Absorbance Ratios

Solvent Retention A__,/A A, _, /A A /A
Svetem Drug Time (min.) 2547280 7254777313 7280777313
A Tripelennamine 9.0 2.78 1.15 0.40
A Pentazocine 13.6 0.15 —— ——

B Tripelennamine 3.7 14.20 4,91 0.35
B Pentazocine 9.0 0.11 ——— -

these ratios should be approached with caution.
Variations may occur in the absorbance ratios because
molar absorptivity and the wavelength of maximum
absorbance vary with solvent composition, pH, and

other factors (10). Absorbance ratios should be
determined in an individual chromatographic system
using reference standards. Table 1 gives retention
data and absorbance ratios of pentazocine and tripelen-
namine which were determined in this study.

Figure 4 illustrates the variation in absorbance of the
two drugs in the reverse phase system at 254, 280,

and 313 nm. Since pentazocine exhibits no appreciable
absorbance at 313 nm in the solvent systems investi-
gated, this wavelength is of no value in the identi-
fication of pentazocine. A compromise wavelength which

affords sufficient sensitivity for simultaneous detec-
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tion of the two drugs utilizing a fixed wavelength
detector is 280 nm. In most items of paraphernalia
examined to date, the ratio of pentazocine and
tripelennamine has varied. However, the majority of
the items contain a greater guantity of pentazocine
than tripelennamine confirming the findings of Monforte

et al. (8).

REFERENCES

1. Physicians' Desk Reference, Medical Economics

Company, Oradell, NJ, 37th Ed., 1983.

2. Goodman, L. S. and Gilman, A., The Pharmacological

Basis of Therapeutics, 4th Ed., Macmillan, New York,

NY.

3. Showalter, C. V. and Moore, L., JAMA, 239, 1610,
1978.

4., Poklis, A., JAMA, 240, 10, 1978.

5. DeBard, M. L. and Jagger, J. A., Clin. Tox., 18,
1117, 1981.

6. Kaistha, K. K. and Tadrus, R., J. Chromatogr.,
155, 214, 1978.

7. Reid, R. W., and Gerbeck, C. M., Clin. Chem., 27,
10, 1981.

8. Monforte, J. R., Gault, R., Smialek, J., and Goodin,

T., J. For. Sci., 28, 90, 1983.



PENTAZOCINE AND TRIPELENNAMINE 2017

9.

10.

Baker, J. K., Shelton, R. E., and Ma, C. ¥., J.
Chromatogr., 168, 417, 1979.

Conners, K. A., A Textbook of Pharmaceutical

Analysis, 2nd Ed., John Wiley and Sons, New York,

NY, 1975.






JOURNAL OF LIQUID CHROMATOGRAPHY, 6(11), 2019-2031 (1983)

HIGH~PERFORMANCE LIQUID CHROMATOGRAPHIC DETERMINATION OF
PENICILLINS FOLLOWING DERIVATIZATION TO MERCURY-STABILIZED
PENICILLENIC ACIDS

M. E. Rogers, M. W. Adlard, G. Saunders and G. Holt

Polytechnic of Central London
School of Engineering and Science
115, New Cavendish Street
London W1IM 8JS

ABSTRACT

A high-performance liquid chromatographic, pre-column
derivatization procedure is described, allowing the determin-
ation of natural and semi-synthetic penicillins by absorption
at 325nm. Derivatization with an imidazole/mercuric chloride
reagent is followed by reverse-phase chromatography of the
resulting mercury-stabilized penicillenic acids on an octade-
cylsilane, chemically-bonded stationary phase. Gradient
elution is employed with a mobile phase containing organic
modifier, buffer and ethylenediaminetetraacetic acid. Pre-
column reaction conditions including time and temperature
are examined. Accuracy, reproducibility and detection limits
of the method are discussed. The technique is applied to the
analysis of fermentation media following sample preparation
by centrifugation and deproteinization.

INTRODUCTION

The efficacy of penicillin and its derivatives has
resulted in their widespread use for many years. With all
such antibiotics, assay systems are required which enable

accurate and precise guantitation.

2019
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Several physico-chemical technigues for the determination
of penicillins have been developed (l). These include the iddo
metric titration (2), and colorimetric assays such as the
hydroxylamine (3) and molybdoarsenic acid-mercuric chloride
methods (4). The isomerism of penicillins to their correspond-
ing penicillenic acids which absorb at 325nm, has also been
used in the determination of R-lactams (5). However, many
of these assay systems are severely limited in their
application. The methods often lack intrinsic sensitivity ox
fail to distinguish individual penicillin levels, when two
or more pR-lactams are present. Also, the occurrence of
interfering components in biological media such as serum or
microbial fermentation broths often produce misleading
results due to lack of reagent specificity and/or the presence
of high background readings.

The development of high-performance liquid chromatography
(HPLC) , has enabled the rapid, sensitive and guantitative
determination of many antibiotics, including penicillins (6).

An extensive range of stationary and mobile phases has
been reported for the analysis of B-lactams (7-9). Optimum
chromatographic conditions appear to have been achieved
using reverse-phase systems, often employing ion-pairing
reagents to increase the capacity factor of highly polar
compounds (10). Many HPLC detection methods are now available
(11), although the most widely used is U,V. absorption.
Detection of penicillins by this technique is usually perform-
ed at 254nm or 220nm. However, our interest lies in the
microbial biosynthesis of PB-lactams (12-14), and we have
found the presence of interfering components in complex
fermentation media to be problematic when using these wave-
lengths.

A derivatization procedure was therefore considered, to

enable detection of penicillins at a longer wavelength, there-
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by reducing interference from other media constituents. Such
problems have been overcome to some extent, by use of post-
column derivatizing agents, including fluorescamine (15) and
o-phthaldialdehyde (16). However, both reagents are limited
to the detection of f-lactams possessing a primary amino
function.

Treatment of penicillins with an imidazole/mercuric
chloride reagent was investigated as a possible pre-column
derivatization method. The slow reaction rate prevented the
use of post-column derivatization.

The reaction is highly specific, and the resulting
penicillenic acids, after stabilization as mercury (II)

complexes, can be detected at 325nm (17) following HPLC.

EXPERIMENTAL

Materials and Reagents

Acetonitrile was HPLC S grade and obtained from Rathburn
Chemicals (U.K.). Other mobile phase constituents, including
ethylenediaminetetraacetic acid (disodium salt), and sodium
dihydrogen orthophosphate were of "analar" grade and supplied
by B.D.H. (U.K.).

Reagent grade imidazole was supplied by Sigma, London,
(U.K.), whilst the mercuric chloride and hydrochloric acid
(concentrated) used in the pre-column derivatization reagent
were of "analar" grade and obtained from B.D.H. (U.X.).

B-lactamase Type I, used in the preparation of fermentat-
ion broth "controls", was obtained from Sigma, London, (U.K.).

Penicillins K (sodium salt), N (barium salt), V, G
(potassium salts), X (zinc salt) and methicillin (sodium salt)

were kindly donated by Ciba-Geigy (Switzerland) and Glaxo (U.K.).

Apparatus and Operating Conditions

The solvent delivery system used consisted of two, double

reciprocating pumps (model No. 750/04; Applied Chromatography



2022 ROGERS ET AL.

Systems, U.K.) controlled by a high pressure mixing unit (model
No. 750/36; Applied Chromatography Systems, U.K.), enabling
gradient formation. Injections were made using a Rheodyne valve
(model No. 7125; Anachen, U.K.) fitted with a 20ul loop.
Chromatography was performed on a 20 x 4.6 mm ID analytical
column slurry-packed (18) with 5um Spherisorb Cl8 (Cat. No.
S50Ds82; Phase Separations, U.K.). A 4 x 10 mm ID guard—

column was fitted prior to and in series with the analytical
column and was tap-packed (18) with 5um Spherisorb C18.

U.V. detection was carried out at 325nm, using a variable
wavelength detector (Spectromonitor III; Laboratory Data
Control, U.S.A.) fitted with a 12pl flow cell. Integration of
peak areas and data handling was performed by a Hewlett-Packard
reporting integrator (model No. 3390A; Hewlett-~Packard, U.S.A.).

The mobile phase was prepared by mixing various

proportions of CH_CN with an agueous solution containing 0.01lM

3

NaH2P04 and 0.01M EDTA. The solvent was then adjusted to pH 6.5

with 2.0M NaOH. Degassing was performed by the continual passage
of helium through the solution.

The imidazole/HgCl, reagent was prepared in plastic-capped,

2
glass vessels by dissolving 4.125g of imidazole (recrystalized

twice form propan-2-ol) in 2.5ml of distilled water. After

addition of 1.0ml of HCL, 0.5ml of HgCl, (0.11M) were added,

2
and finally a futher 1.5ml of HCI.

Pre-Column Reaction System

To each 1lml sample aligquot, O.lml of the imidazole /chl2
reagent (prepared as previously described) was added. The
reaction mix was then placed, for the period of time described,
in a water bath thermostatically controlled to the required
temperature. Samples were then rapidly cooled to room
temperature by immersion in an ice bath and injected onto

the column,
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Sample Preparation

Preparation of fermentation broths involved centrifugat-
ion, (1Omins. at 8,000xg) following adjustment of the pH to
7. The supernatant was then removed, and subjected to de-
proteinization by the method described by Rudrick and Bawdon
(19), involving protein precipitation by acetonitrile, sub-
gsequent to re-extraction with methylene chloride. After final
centrifugation (lbmins. at 8,000xg) and removal of the
aqueous layer, the sample was then treated with the
derivatization reagent, as described above.

Using an analytical microsyringe, fermentation broths
were spiked, prior to deproteinization, with standard solutions
of the penicillins. These were prepared daily by dilution with
distilled water to the required concentration from a stock of
lmg/ml.

"Control" samples were prepared by addition of 50Ul of
B-lactamase (final concentration 4 units/ml) to 1lml of the
fermentation broth. Following incubation at 2500 for 2 hours,
samples were then treated by deproteinization and pre-column

derivatization as previously described.

RESULTS AND DISCUSSION

Detection Wavelength

Detection of the penicillenic acids which were produced by
reaction with imidazole and stabilized by complexation with

mercury (II), was carried out at 325nm. Cuvette studies had

previously shown this to be the absorbance maximum of these
derivatives (20). This was confirmed by using a "stop-flow"
HPLC technique which produced an absorption band centred at
325nm.

Chromatographic Conditions

Fig. 1 indicates a typical chromatogram obtained follow-

ing pre-column derivatization of four R-lactams with the



2024 ROGERS ET AL.

31.5%
CH,CN

T ood WL

6 2 4 6 @8 10 12 14 16

Rentention Time (mins)

FIGURE 1
HPLC of penicillin X (50pg/ml) (A), methicillin (75ug/
ml) (B), penicillin G (50ug/ml) (C) and penicillin V (60ug/ml) (D),
following pre-column derivatization with the imidazole/
HgCl, reagent, at 50°C for 50 minutes. Chromatographic
conditions were as described in the text, using a gradient
of acetonitrile as illustrated. Flow rate was 2.0ml/min.
with a detection wavelength of 325nm, and an attenuation
of 0.05 AUFS. Injection volume: 20 ul.

imidazole reagent. Chromatography of the products was optimiz-—
ed at a pH of 6.5 and by the inclusion of EDTA in the mobile
phase. Although the role of the polyaminocarboxylic acid is
unclear, its exclusion resulted in very broad, unsymmetrical
peaks. It seems likely that the high complexing ability of
EDTA is of importance as its substitution with succinic orx
citric acid produced poor chromatographic results. Replacement

with trans-1,2-diaminocyclohexanetetraacetic acid however,
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gave similar results to those obtained with EDTA. The complex-
ing agent may act by removing excess mercury (II) ions or by

forming a more stable penicillenic acid-mercury~EDTA complex.

Pre~Column Reaction Conditions

The effects of pre-column reaction time and temperature
were investigated by HPLC analysis of the reaction proéucts.
Fig., 2 illustrates the results obtained with four, naturally-
occurring B~lactams.

At SOOC, the rate of formation of the mercury-stabilised
penicillenic acids was slower than at higher temperatures.
After 50 mins. the maximum sensitivity for all four penicillins
was obtained and longer periods of incubation at this
temperature produced no significant increase of decrease in
the peak areas.

Raising the incubation temperature to 7OOC or 800C result-

ed in not only an increase in the rate of formation of the
penicillin derivatives but also their decay rate. At 70°C,

slightly higher sensitivities than at 50°C were achieved
for all penicillins studied. However, the optimum incubation
time varied slightly with different penicillins (25-35mins.)
and was more critical than at 50°C. For temperatures in
excess of 70°C, the maximum sensitivity achievable,
irrespective of incubation time, was always lower than that
for derivatization at 50°C or 70°C. In further studies, the
pre-column reaction conditions of sample incubation for 50
minutes at SOOC, were therefore chosen to provide maximum
sensitivity and product stability.

Reaction of the imidazole/HgCl2 reagent with penicillin
K resulted in a.derivative with relatively low intrinsic
sensitivity, whilst with penicillin N the reaction proved
completely unsuccessful. As both these B-lactams possess

an aliphatic side-chain, it may be that the rate of product
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FIGURE 2

The effects of reaction time on the pre-column
derivatization of penicillin X (o), penicill(:iin vV (e),
penlcn_llln K (A) and penicillin G (A), at 50°C (a),

70°c (B) and 80°C (C).
as described under Fig.l.

Chromatographic conditions were
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decay is reduced by aromatic stabilization of the oxazolone
ring in derivatives of penicillin G, V, X and methicillin.
Substitution of mercury in the reagent with ivxon (II),
zinc (II) or nickel (II) failed to produce an absorption at
325nm, following penicillin derivatization. However, with
copper the reaction yielded two major products, detectable
at this wavelength, and resolved by HPLC. Although the use
of other metals has yet to be investigated, it is clear
that at the present time, mercury, producing one, stable

reaction product, is most suited to the assay system.

Accuracy and Reproduceability

During these studies chromatographic and pre-column
reaction conditions were maintained as described under Fig. 1.

Linearity of the method with respect to concentration of
penicillins X and G was checked. Serial dilutions of each
B-lactam between O and 50ug/ml were prepared in triplicate,
and, following pre-column derivatization, 20Ul of each solution
injected onto the column. Peak areas were used to construct
calibration lines, giving a correlation coefficient of 0.997
for penicillin X and G. Gradients of 14959 area units/jg/ml
for penicillin X and 15443 area units/Mg/ml of penicillin G
were obtained, by regression analysis. Good day-to-day
reproducibility was obtained by repeating the calibration
lines on several different occasions. Reproducibility of a
20Ul repeated injection (n=10) of penicillin X (25ug/ml)
gave a 2% error from the mean.

Accuracy was investigated by spiking fermentation media
with known concentrations of penicillin G. Using penicillin X
as an internal standard at 1Oug/ml, and following sample
treatment as described under apparatus and operating conditions,
the ratio of peak areas was used to calculate a theoretical

penicillin G concentration. The results are listed in Table 1.
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TABLE 1

DETERMINATION OF PENICILLIN G IN FERMENTATION MEDIA

SAMPLE PENICILLIN G CONCENTRATION (lg/ml) ERROR
No. THEORETICAL EXPERIMENTAL (%)
1 17.0 18.0 5.5
2 4.5 4.3 4.4
3 24.0 22.5 6.25
4 37.5 35.2 6.1
5 50.0 48.9 2.2

A
B
ozié#lbliiﬁﬂs 054&810121416
Retention Time (mins)
FIGURE 3

(I) HPLC analysis of a typical fermentation broth
containing penicillins X (5ug/ml) (A) and G (5ug/ml) (B),
following deproteinization and pre-column derivatization
with imidazole/HgCl,.

(XI) Chromatography of a fermentation broth "control",
resulting from B-lactamase treatment of the sample shown
in Fig. 3 (I).

Derivatization and chromatographic conditions
were as described under Fig. 1.
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Sensitivity and Detection Limits

Using 20pl injections, detection limits of 1lug/ml were
achieved for penicillin X and penicillin G, in samples of
fermentation media. Although higher sensitivities may be
obtained by use of larger injection volumes, 20Ul was used
to prevent possible overloading of the column. Fig. 3A illustrates
a typical fermentation broth, containing penicillins X and G
(both Sug/ml), whilst Fig. 3B indicates the use of B-lactamase
treatment in preparation of a "control" sample.

Sample preparation by deproteinization was necessary to
ensure linearity and high levels of detection. However, this
treatment was found to be unnecessary in batch reactions where
absorbance at 325nm was measured in a cuvette. A possible
explanation to these somewhat contradictory results may lie in
reaction of the highly reactive N-penicilloylimidazole
intermediate of the imidazole catalysed isomerism, with free
amino and thiol groups of proteins (21). The product, whilst
still containing the molecular structure necessary for U.V.
absorption at 325nm, will undoubtedly have different
chromatographic characteristics to the "free" penicillenic

acid.

CONCLUSIONS

The pre—-column derivatization procedure described allows the
rapid and selective determination of semi-synthetic and naturally
produced penicillins in a variety of biological media, including
microbial fermentation broths. Although the procedure appears
inapplicable to B~lactams such as penicillin N, the possibility
exists for detection of 6-amino penicillenic acid by its prior
acylation.

The method may be used for the determination of known
penicillins and also has potential value for the detection

of novel penicillins, due to the specificity of the reagent.
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LIQUID CHROMATOGRAPHIC ANALYSIS OF PENTOBARBITAL

William J. Ferrell and 0lga Boudoulas
Children's Hospital of Michigan
Department of Laboratory Medicine
3901 Beaubien Blvd.

Detroit, MI 48201

ABSTRACT

A method is described for a one step acetonitrile precipitation of serum
or plasma and subsequent analysis of pentobarbital by reverse phase HPLC. The
resuits of using two internal standards, N,N-Diethyl-m-toluamide and
5-(p-Methylpheny1)-5-phenylhydantoin are compared. Internal standard is added
to serum (as little as 25 uL) and vortex-mixed with acetonitrile followed by
centrifugation. An aliquote of the supernatant is analyzed on a C18 reverse
phase column eluted with metano1/0.05 M (NHg)2HPO4, pH 8/water (55/20/25,
v/v/v). The effluent is monitored at 220 nm.

INTRODUCTION

Several disorders have been clinically treated using pentobarbital. These
include Reye's syndrome (1), head injury (2) cerebral ischemia (3,4) and
metabolic coma (5). Serious side effects can result from extended therapy or
overdose making it necessary to have a quick plasma assay available.
Pentobarbital has been assayed by GLC (6-8), however these procedures require
both extraction and derivatization. HPLC drug screening procedures, which
include pentobarbital, have been published (9-11) but no quantitative results
were reported for pentobarbital. During the course of this study two
quantitative HPLC methods have appeared (12,13) both utilizing extraction and
reconcentration prior to analysis. The internal standard 5-(p-Methyl-phenyl)-

5-phenylhydantoin has been used in the HPLC analysis of other barbiturates and
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drugs (11,14). We reported previously on the use of N,N-Diethyl-m-toulamide
as an internal for acetaminopen and salicylate quantitation by HPLC (15).

In this paper we describe a quick one step precipitation procedure for the
analysis of pentobarbital by reverse phase HPLC and compare the use of the

aforementioned internal standards, which differ greatly in price.

MATERIALS AND METHODS

Instrumentation

A constant volume Tiquid chromatograph from Waters (Milford, MA.)
consisting of a model 6000A solvent delivery system, a U6K sample injector and
a model 450 detector (interfaced with a Waters 730 Data System) set at 220 nm
was used. The detector was set at 0.04 for routine analysis. The column was

a 4.5 x 150 mm prepacked 5 micron C18 from IBM Instruments (Wallingford, CT.).

Reagents

Methanol (MeOH) and acetonitrile (ACN) were HPLC grade obtained from
Fisher Scientific (Detroit, MI.), as was (NH4)2HP04. Pentobarbital and
internal standard (IS) 5-(p-Methylphenyl)-5-phenylhydantoin (5-MPPH) were
obtained from The Anspec Co., Inc. (Ann Arbor, MI.). The IS N,N-Diethyl-m-
toluamide was obtained from Chemical Dynamics Corp. (South Plainfield, NJ.).

A standard solution of pentobarbital was prepared by dissolving 40 mg in a
Titer of MeOH. This solution was found to be stable for up to two months at
-20°C. Most of the experiments were carried out using a plasma standard
solution prepared by dissolving 40 mg of pentobarbital in 2 ml MeOH and
diluting this to a liter with drug free plasma obtained from our Blood Bank.
This solution was then aliquoted in 500 ,L amounts stored at -20°C until

used, These aliquots have been stable for 3 months. The various dilutions

were made from these aliquots by the addition of drug free plasma.
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A stock IS solution (250 mg/L) of 5-(p-Methylphenyl)-5-phenylhydantoin was
prepared in MeOH and is stable for about 1 month at 4°c. A 10-fold dilution
working IS was prepared daily.

The IS N,N-Diethyl-m-toluamide (50 mg/L) was also prepared in MeOH and has
been stable at room temperature for several months.

The mobile phase consisted of MeOH/0.05 M (NH4)2 P04, pH 8/H20
(55/20/25 v/v/v).

Procedure

Add 200 ubL of ACN and 50 uL of IS to 100 uL of serum or plasma in a
10 x 75 mm glass test tube. Vortex-mix for 15 sec., followed by a 2 min.
centrifugation (2500 r.p.m.). An aliquot of the supernatant (usually 20 uL)
was injected into the chromatograph and the column eluted with mobile phase at
a flow rate of 1.3 m./min. We have scaled this procedure down to using 25 L
of sample with no observed differences.

Quantification of the samples was carried out by the Waters 730 Data System
following calibration with a 20 ug/mL standard plasma solution. Calculations
were performed using the peak height calibration mode.

For routine analysis of patient samples the 20 ug/mL standard solution is
used to calibrate the Data Module and high and medium level controls (Utak

Lab, Saugus, CA.) are used as a procedure control.

RESULTS AND DISCUSSION

Figure 1 shows several typical HPLC chromatograms obtained using our
described procedure. Figure 1A is the drug free piasma. Figure 1B is our
plasma standard solution containing 20 ug/mL pentobarbital (RT = 6.21) and
N,N-Diethyl-m-toluamide (RT = 9.58) as IS. Figure 1C is the plasma standard
solution containing 10 pg/m. pentobarbital (RT = 6.21) and 5-(p-Methylphenyl)-

5-phenylhydantoin (RT = 8.04) as IS. Figure 1D is the Utak control containing
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Figure 1. Typical chromatograms, obtained using the procedure given herein.
(A) drug-free plasma; (B) control serum containing 20 ng/m. pentobarbital (P)
and NNDET internal standard (IS); (C) control serum containing 10 ug/mL
pentobarbital and 5-MPPH as IS; (D) Utak control containing 12 .g/m.
pentobarbital and NNDEMT as IS. Other components include phenobarbital

(RT = 3.10), butabarbital (RT = 4.38), amobarbital (RT = 5.68) and
secobarbital (RT = 7.18).

12 pg/mL pentobarbital (RT = 6.18) and N,N-Diethyl-m-toluamide
(RT = 9.51) as IS.

Figure 2 shows standard curves which were obtained by manual measurements
and plotting peak height ratios (pentobarbital/IS) vs concentration of
pentobarbital. As can be seen the response is essentially linear over the

entire range tested (5 ug/mL to 40 ug/mL) using either IS.

Recovery and Linearity

Recoveries were assessed by comparing data obtained from a 100 uL aliquot
of pentobarbital standards in MeOH to data obtained from drug free plasma
which was adjusted to various levels of pentobarbital. These results are given

in Table I. Essentially complete recovery was obtained up to a concentration
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Figure 2. Pentobarbital standard curves obtained by manual calculation of

peak height ratios, (@) with 5-MPPH as the IS and (0) with NNDEMT as IS. Each
point is the average of 5 determinations.

of 30 pg/mL with slightly higher values being obtained using NNDEMT as IS.
While the values obtained for the 40 ug/mL level are acceptable they were lower
than the others, again NNDEMT gave higher recoveries. The lower recoveries of
the uppel level pentobarbital explains why these levels don't fall exactly on

the standard curve (Figure 2).

Accuracy and Precision

The within-run accuracy and precision was evaluated by applying the method
7 times to our plasma standards containing 5 ug/m. and 20 pg/m. of
pentobarbital., The results are given in Table II. As can be seen there were
slight but insignificant differences between the two internal standards. Day
to day precision was assessed by assaying the 20 ug/m. plasma standard over a

period of a week. The overall average of the mean coefficient of variation was

6.32% using NNDEMT as IS and 6.75% using 5-MPPH as IS.

Application
Table III shows some typical results from assays of various commercial

serum controls, with and without added pentobarbital, and patient samples.
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Recovery of Pentobarbital From Plasma.

Comparison Using Two Internal Standards

Concentration NNDEMT 5-MPPH
ug/m BRecovery* % Recovery*
5 102.1 (5.7) 98.4 (6.3)
10 99.5 (4.9) 96.3 (5.8)
30 97.3 (4.3) 93.4 (4.9)
40 89.0 (3.9) 80.3 (4.6)
*Values given as mean ($.D.), n = 5.
TABLE II

Accuracy and Precision of Pentobarbital Assay

5 ug/mL 20 ug/m.
Measured
Values* NNDEMT 5-MPPH NNDEMT 5-MPPH
Concentration 5.12 4.87 20.34 19.43
S.D. 0.23 0.26 1.37 1.34
c.v. 3.3 3.4 6.78 6.69
S.E.M. 0.08 0.09 0.52 0.51

*n =7 in all cases
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TABLE III

Results of Assaying Various Samples

ug/mL Pentobarbital
Sample Expected Found Found
NNDEMT 5-MPPH
ortho 11 0 0 0
Ortho I 10 10.19 9.84
+
10 ug/mL 9.97 9.76
ortho 111 0 0 0
Ortho 11 10 9.94 9,23
+
10 pg/mL 10.06 9.56
Tox Control Mid2 4 3.96 3.94
4,25 3.87
Tox Control High2 12 11.53 11.23
11,87 11.57
Patient 1 6.23 6.01 5.81
Patient 2 12.8 12.32 11.94
Patient 3 15.6 15.73 14.87

1Qrtho Diagnostics, Raritan, NJ.. 2Utak Lab., Saugus, CA. 3Assayed by
BioScience Laboratorfies, Farmington Hills, MI.

OQur 20 ug/mL plasma standard was used to calibrate the Data Module. As would
be expected from the previous discussed results either IS gave comparable
results with 5-MPPH yielding consistently slightly lower pentobarbital levels.
Table IV 1ists some commonly used drugs which have been shown not to interfere
with the present assay for pentobarbital.

Based on the assessed accuracy and precision, linearity and simplicity
this present method is easily applicable to a clinical laboratory. The small
sample size requirements make this an especially useful method to a pediatric

service laboratory.
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TABLE 1V

Some Common Drugs Not Interfering with Pentobarbital Assay

Acetominophen Methyprylone
Amobarbi tal Mephobarbital
Aprobarbital Meprobamate
Barbital Phenobarbital
Butabarbital Propoxyphene
Diazepam Salicylate
Diphenylhydantoin Secobarbital
Methaqualone

Both of the IS investigated appeared to work equally well. The decision

as to which one to use may be based on economic mattaers. The cost of 100 g

of NNDEMT is $6.50 whereas the same amount of 5-MPPH would be over 3000 times

this amount.
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ABSTRACT

To determine the stability of tetrahydro-B-carboline compounds over
time and at different temperatures, a reversed-phase high pressure
liquid chromatography system with electrochemical detection was uti-
lized. Noreleagnine (1,2,3,4-tetrahydro-B8-carboline) and tetrahydro-
harman (1-methyl-1,2,3,4-tetrahydro-g-carboline) were dissolved in
water or ascorbate (0.1 mg/ml) vehicle and stored at -20°C, 22°C, or
37°C for one, seven or 12 days. After each solution was injected in
the column in a concentration of L400-600 ng/10 ul, peak height values
were obtained for the compound under each condition. Analysis of per-
cent recovery showed that the two B-carbolines were relatively stable
with a maximal degradation of 14% occurring only at the 12-day assay
interval. These results suggest that this class of compound can be
used in pharmacological studies in which they can be dispensed from

a mini-pump implanted in tissue. Further, an HPLC system with elec-
trochemical detector provides a valid and reliable procedure for
quantification of indoleamine-aldehyde condensation products.

INTRODUCTION

Tetrahydro-g-carboline (THBC) compounds belong to a class of

tricyclic structures which can be formed in vivo as a result of a con-
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densation reaction between an indoleamine and an aldehyde (1,2). Cer-
tain of the THBCs have been found to exist in the rat's brain (3,4) and
are now recognized as normal constituents of human plasma and platelets
(5). Because a THBC reportedly can modify brain 5-hydroxytryptamine
(6,7), these compounds have been the focus of numerous medical and
biological investigations including those involving affective disor-
ders, schizophrenia, alcoholism and neurotransmitter activity (8,9,10).

One of the THBCs, noreleagnine, has been implicated in the me-
chanism underlying alcohol drinking (11), but the general role of other
B-carbolines in the excessive intake of this drug is not yet known. For
example, the consumption of alcohol in the laboratory rat reportedly de-
clines following noreleagnine (1,2,3,4~tetrahydro-B-carboline) adminis-
tered peripherally (12) but increases after intracerebroventricular in-
fusion of the product over 12 days. (13). This latter study was repli-
cated with two B~carbolines, tetrahydroharman (1-methyl-1,2,3,4-tetra~
hydro-B—carboline) and noreleagnine which were infused continuously
into the cerebral ventricle through the use of an osmotic mini-pump im-
planted in the rat's neck (14). Although mass spectrometry was used to
verify the presence of the compound in a given pump, the actual stabil-
ity of the B-carboline compounds over a prolonged period remains uncer-
tain. To illustrate, we have found recently that other amine-aldehyde
condensation products are unstable over time, particularly at a tempera-
ture analogous to a body temperature of 37°C (15).

A high pressure liquid chromatography (HPLC) assay has been developed
to separate noreleagnine from brain tissue (16). The purpose of the pre-
sent investigation, therefore, was to (1) develop a method using HPLC with

electrochemical detection for the determination of B-carbolines in a fluid

medium; (2) quantify the rates of degradation of the B-carboline com-
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pounds; (3) ascertain the effect of different ambient temperatures on
the decomposition of these compounds; and (4) determine whether an anti-
oxidant such as ascorbic acid, which is typically added to solutions
used for pharmacological studies, would influence the degradation of a

B8-carboline.

MATERIALS AND METHODS

The HPLC system was comprised of a single pump (Altex Model 110,
Solvent Metering Pump) with a pulse damper (Bioanalytical Systems) and
a syringe loading sample injector (Rheodyne Model 7120)}. A Cig reversed-
phase column (3.9 mm i.d. x 300 mm uBondapak, Waters) protected by a
pre-column filter (Rheodyne) was fitted into the system. A glassy car-
bon electrochemical detector cell, a TL-8A thin layer transducer (Bio-
analytical Systems), was coupled to a model LC4 amperometric detector
(Biocanalytical Systems). The electrode potential was set at +0.85V
using a silver~silver chloride electrode as a reference, and the level
of sensitivity of the detector was set at 10 nA/V. A strip chart recor-
der (Fisher Recordall, Series 500) connected in parallel with a plotting
integrator (Hewlett Packard Model 3390A) completed the system.
Mobile Phase

The mobile phase consisted of 0.1 M sodium acetate, 0.15 M acetic
acid and 20% (v/v) methanol with a pH of 4.4, The mobile phase was
first passed through a double filter (0.3 um Gelman A/E glass fiber
filter and 2-3 um Whatman #5 filter) and then degassed by sonication.
The flow rate of the mobile phase through the column was maintained at
1.5 mi/min.

Sample Preparation

The B-carbolines tested were noreleagnine (1,2,3,h-tetrahydro-s-

carboline) and tetrahydroharman (l-methyl-1,2,3,4-tetrahydro-g-carbo-
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line). Each compound was weighed accurately to 10-3 mg using a Cahn
21 Automatic Electrobalance., Two samples of each compound were pre-
pared: one was dissolved in glass-distilled water and the second in
glass-distilled water containing 0.1 mg/ml of ascorbic acid.

The concentration of the g-carboline solutions was 400 or 600 ng/
10 yl. Noreleagnine was readily solubilized in either medium by soni-
cation; however, samples of tetrahydroharman required sonication and
gentle warming. The solutions were tested immediately after their pre-
paration and then multiple aliquots of each were maintained subsequently
in sealed vials at one of three temperatures: 22°C (laboratory room);
37°C (water bath); and -20°C (freezer). Following their preparation,
these aliquots were tested at intervals of one, seven and 12 days. As
a control for daily variation in performance of the chromatography sys-
tem, the aliquots maintained at ~20°C were thawed briefly and tested
also at these three intervals so that their peak values could serve as
the respective baseline values. Each sample was injected from a 50 y 1
Hamilton syringe onto the column in a volume of 10,0 1. An injection
of each sample was then repeated at least three times in order to verify
the reliability of the data collected. |[f a given peak response was not
consistent, a further series of injections were made. Glassware and
syringes were sonicated in chromic acid and rinsed repeatedly in glass-
distilled water to avoid possible contamination of a sample.
Reagents

L-ascorbic acid and HPLC grade methanol were purchased from Fisher
Scientific, whereas anhydrous sodium acetate and glacial acetic acid
were obtained from Mallinckrodt Chemical. Noreleagnine was obtained
from Sigma Chemical Company and tetrahydroharman was obtained from ICN

Pharmaceuticals, Inc.
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RESULTS

The percent recovery of the two B-carbolines was calculated from
the integrated peak height values as compared with aliguots of the stan-
dard sample of each compound prepared for use on the respective test day.
Each value is thus expressed as a mean + standard error of the percent
recovery for each sample tested against the standard for that given time
period.

Table 1 presents a comparison of the percent recovery of both
noreleagnine (NORL) and tetrahydroharman (THH) at a room temperature
of 22°C as measured at one, seven and 12 days after their preparation.
The results of the degradation of both compounds prepared in water and
ascorbate are also shown in Table 1. It is evident that essentially no
substantial cumulative degradation occurred over time under either con-
dition even though by the 12th day the recovery of NORL, contrasted with
the control value, was reduced to 93% and 89% in the water and ascorbate
vehicles, respectively, The degradation of THH in water was virtually
absent over the 12-day period; that is, THH in the ascorbate vehicle de-
clined to the 91% level on day 7, but was quantified at 98% on day 12.

Essentially the same result was obtained when NORL and THH were
stored at 37°C. Once again, NORL when prepared in the ascorbate vehicle,
appeared to be the more labile of the two compounds, but yet exhibited a
degradation of only 4% below the control value. However, THH remained
relatively stable over the entire 12-day interval independent of the
carrier vehicle in which it was dissolved.

Representative records of the HPLC tracings are shown in Fig. 1 for
NORL tested in both of the carrier vehicles at 22°C and 37°C. Similarly,
Fig. 2 illustrates typical HPLC tracings for the THH compound again ana-

lyzed under the same conditions as those of NORL. In all cases, the
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TABLE 1

PERCENT RECOVERY OF NORELEAGNINE (NORL) AND TETRAHYDROHARMAN (THH)
IN DISTILLED WATER OR ASCORBIC ACID VEHICLE AT ROOM TEMPERATURE OF 22°C

WATER ASCORBIC ACID
Time Elapsed (Days) Time Elapsed (Days)
COMPOUND 1 7 12 1 7 12

NORL 98.7£1.0 95.0+2.4 92.8+4.6 98.2+1.8 94.4+3.6 88.8+3.6

n=4 n=7 n=6 n=4 n=6 n=6
THH 94.122,8 98.8+0.6 95.8%1.9 93.8%1.1 91.3%£3.2 97.8%1.0
n=5 n=6 n=6 n=5 n=6 n=6
TABLE 2

PERCENT RECOVERY OF NORELEAGNINE (NORL) AND TETRAHYDROHARMAN (THH)
IN DISTILLED WATER OR ASCORBIC ACID VEHICLE AT 37°C

WATER ASCORBATE
Time Elapsed (Days) Time Elapsed (Days)
COMPOUND 1 7 12 1 7 12

NORL 97.6+0.8 96.6x1.9 94.1+3.7 99.0+0.5 95.8+2.4 86.3+3.6

n=4 n=6 n=6 n=4 n=6 n=5
THH 97.9+1.2 99.2+0.8 98.0%1.1 92.5+3.1 97.0:1.9 98,9£0.9
n=4 n=6 n=6 n=4 n=6 n=6

peak of the solvent front produced by ascorbate was always readily dis-

cernible from the respective B-carboline peak.
DISCUSSION

The results of this study show that a relatively straightforward
analytical method employing HPLC with an electrochemical detector can be
utilized for the assay of THBC compounds in terms of their stability un-
der different physical conditions. The mobile phase established for

this experiment provided rellable measures of the compounds over a two-
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FIGURE 1: Chromatographic tracings of noreleagnine (NORL) dissolved in
water or aqueous ascorbate (0.1 mg/mi). Samples were stored at either
37°C or 22°C and analyzed at one, seven and 12 days. The zero time rep-
resents the chromatograph of the freshly prepared sample. Peak height
was measured in nanocamps.
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FIGURE 2: Chromatographic tracings of tetrahydroharman (THH) dissolved
Th water or aqueous ascorbate (0.1 mg/ml). Samples were stored at either
37°C or 22°C and analyzed at one, seven and 12 days. The zero time rep-
resents the chromatograph of the freshly prepared sample. Peak height
was measured in nanoamps.
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week period. Although a slight inconsistency was observed in the day-
to-day column-detector sensitivity during this 12-day interval, quanti-
fication of a compound's activity was nevertheless readily attainable.
The relative stability of the two g-carbolines indicate that for
pharmacological studies (10) the problem of degradation under physiolo-~
gical conditions is unlikely to be an experimental issue. Further, the
absence or presence of ascorbate in the test medium also is not a factor
in terms of the temporal integrity of these compounds, although the lar-
gest amount of decomposition occurred in the vehicle containing ascorbate.
However, other condensation products, such as certain tetrahydroisoquino-
lines, do in fact require an antioxidant such as ascorbate to prevent
their rapid degradation (15), Therefore, since the ascorbate does not
appear to be necessary as an antioxidant, its deletion from a B-carbo-

line solution used in an in vivo experiment is recommended, particu-

larly since the acid may exert an effect on its own.

The results of this experiment also demonstrate that the two 8-
carbolines tested are equally stable at 22°C and 37°C. Since the ele-
vated temperature did not compromise the stability of the compounds,
the utilization of a mini-pump containing a B-carboline and implanted
sub-dermally (14) in an animal with a body temperature of 37°C can be
encouraged. According to our findings, the use of these compounds in a
study In which repeated injections are required at either room (22°C)
or body temperature over an interval such as two weeks would thus be a
valid approach.
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BOLL WEEVIL: DETERMINATION OF ECDYSTEROIDS AND JUVENILE
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ABSTRACT

High pressure liquid chromatographic methods were developed
to separate 20-hydroxyecdysone and juvenile hormone I in the pupal
and adult stages of the boll weevil, Minimum detectable levels
were 4 ng for 20-hydroxyecdysone and 4 ng for juvenile hormone.

No juvenile hormones were detected in male boll weevils, whereas
titers were readily determined in female boll weevils. The
ecdysteroid, 20-hydroxyecdysone was present in pupae (not
sexed), in adult males from 3 to 6 days of age, and in adult
females from days 2 through 6.

INTRODUCTION

Methods currently available for quantification of
ecdysteroids in insects include bioassays (1), chromatography (2),
radioimmunoassay (3), and high préssure liquid chromatography
(HPLC) (4). Ecdysteroids have been identified from hemolymph and
ovaries of insects (5,6) and are involved in an interaction with
juvenile hormones (JH) in reproductive cycles of insects. The JHs
may regulate the synthesis of the vitellogenic protein present in

developing eggs (7) and ecdysteroids may inhibit JH synthesis. A
2055
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highly sensitive and specific assay for JHs is the
radioimmunoassay technique (8); another method is gas chromatog-—
raphy-mass spectrometry (9). HPLC has not been utilized
extensively for determination of ecdysteroids or JHs because of a
lack of semsitivity. We report herein the determination of
ecdysteroids in pupae and JHs in adults of the boll weevil,

Anthonomus grandis Boheman, with HPLC methodology.

MATERIALS AND METHODS

Ecdysone Titers in Pupae

Larvae, pupae and prepupae were washed off the surface of
larval diet trays with warm water at 13 days after egg
implantation. Pupal age then was synchronized by separating and

removing only prepupae. The prepupae were held in total darkness
at 50% RH and 30°C.

Juvenile Hormone and 20-hydroxyecdysone Titers in Adults

Newly emerged adult weevils were obtained from the Gast
Rearing Laboratory (10) and held at 50% RH and 30°C in a 16 h
light:8 h dark regime. One hundred male and 100 female weevils
were sexed and collected each day for assay. They were frozen or

assayed on the day of collectiomn.

Apparatus and Chemicals

A high performance liquid chromatography system from Waters
Associates, Inc. (Milford, Mass.), model M-6000 A solvent pump, a
18 Bondapack (10 p

silica) column (3.9 mm x 300 mm) and a model 440 fixed-wavelength

model 6UK injector coupled to a Waters C

detector @ 254 nm was used for ecdysteroid determinations. All
HPLC solvents were obtained from Burdick and Jackson Laboratories
(Muskegon, Mich.). A Hewlett—Packard 5985A GC-mass spectrometer
was used to confirm peak identities. Standards of ecdysone and

20-hydroxyecdysone (Fig. 1) were obtained from Sigma Chemical Co.
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FIGURE 1. The Chemical Structures of Ecdysone and
20-hydroxyecdysone .

(St. Louis, Mo). The juvenile hormomes I, II, and III (Fig. 2)
were obtained in ampules from Calbiochem (San Diego, CA). An ES
Industries (Marlton, NJ) 10 p MC-18 Chromegabond column (30 cm X
4.6 mm) also was used for ecdysteroids. For JH determinations the
HPLC column used was an RCM-100 column system with an 8 mm X 10 cm

silica (10 ).

EXTRACTION PROCEDURES

Extraction of Ecdysone

Assays were conducted at 8 hr intervals on 400-700 weevils
with the beginning of the prepupal stage as the starting time (0
hour). At hours 40 to 56 (post prepupal stage) samples were
assayed at 4 hour intervals. Weevils were ground in 50 ml
acetonitrile with a Willems Polytron homogenizer. Samples were
filtered with a Buchner funnel and qualitative filter. The funnel
and retained material were rinsed three times with 10 ml
acetonitrile, and the filtrate was evaporated to dryness at 60°C
under reduced pressure in a rotary evaporator. The sample was
taken up in 20 ml of acetonitrile and then was divided into two 10
ml aliquots. One of the aliquots was spiked with 25 ng ecdysone

and 25 ng 20-hydroxyecdysone. The two samples were partitioned
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FIGURE 2. The Structure of the Juvenile Hormones.

three times with 20 ml hexane in a separatory funnel to remove
nonpolar lipid. The acetonitrile layer was removed and evaporated
to dryness at 60°C under reduced pressure in a rotary evaporator.
The dry samples were taken up in 1 ml methanol and filtered with a

Swinney adaptor through a 0.45 u filter.

Extraction of Juvenile Hormones

One hundred male or female boll weevils were homogenized in
40 ml acetonitrile. The samples were filtered with a Buchner
funnel and the funnel was rinsed with acetonitrile to give a
volume of 50 ml. Distilled water (25 ml) was added to make the
final volume 75 ml. Juvenile hormones were extracted by
partitioning with 25-30 ml pentane in a separatory funnel three
times. The pentane fractions were combined and evaporated to
dryness under reduced pressure in a rotary evaporator at 30°C.
The samples were taken up in 2 ml hexane for injection on the
HPLC.

Injections

Ten microliters of the ecdysteroid samples were injected into
the chromatograph. The eluting solvent was 187 acetonitrile in
water and the flow rate was 2 ml/min. Quantitation was achieved

by comparison of peak heights of samples to peak heights of known
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quantities of standards. Ecdysone was used as an internal
standard.

Collected peaks of 20-hydroxyecdysone were evaporated to
dryness and taken up in methanol to be placed on the solid probe
of the mass spectrometer for confirmation of peak identity. The
spectra of samples were compared to spectra of standards prepared
under the same conditions.

One hundred microliters of samples for JH analysis were
injected in the HPLC assays. The flow rate was 3 ml/min. and the
eluting solvent was 3% tetrahydrofuran in hexane.

Peak areas were obtained and quantitation for JHs and
ecdysteroids was made by comparison of sample peak areas to the
areas of standards. Hewlett-Packard integrators (3390A) were used
to plot peaks and give data reduction. Figure 3 shows chromato-

grams of standards for JHs and ecdysteroids and of samples.

RESULTS
Ecdysteroids

Figure 4 shows the titers of 20-hydroxyecdysone from 24
through 64 hours after pupation. In the prepupal stages, no
20-hydroxyecdysone was detected. A titer of 20-hydroxy-
ecdysone was found beginning at 24 hours after pupation. The
quantity increased to the highest level determined 48 hours after
pupation. The 20-hydroxyecdysone was also found in hemolymph at
this time. At 48 hours, the quantity of 20-hydroxyecdysone
present was 600 * 40 ng/g. After 48 hours the quantity dropped
rapidly and was not detectable at 64 hours. Ecdysone was not
found in any of these samples.

On day 2, the adult female boll weevils produced a peak of
20-hydroxyecdysone (1l ng/weevil). The level of 20-hydroxy-
ecdysone decreased through day 5 (7 ng/weevil) and ended on day 6.
The adult male boll weevils on days 3-6 produced small amounts (4

ng/weevil) of 20-hydroxyecdysone (Figure 7).
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FIGURE 4. Titers of 20-hydroxyecdysone in Boll Weevil Pupae.

The time required to assay one sample for ecdysone (@) and
20-hydroxyecdysone ( 8) was ca. 20 minutes. The minimum
detectable quantity of ecdysone or 20-hydroxyecdysone was 4 ng.
Each of the samples tested for recovery averaged 95%.

The standard curve for 20-hydroxyecdysone and ecdysone is in
Figure 5. The ratio of area counts obtained from the Hewlett-
Packard integrator for concentration of ecdysteroid was linear
over a wide range.

Juvenile hormones were not found in male boll weevils in
these studies. Figure 6 also shows the pattern of JH I production
by the female boll weevil for 10 days. Each point represents 4
replicates. Titers were low until the peak on day 4 (55
ng/weevil) which then decreased until day 9. No JH II or III was
found in the samples.

" The LDC 214 nm detector had a detection limit of 4 ng for
each JH. The assay time on the HPLC was 6 minutes due to the high
flow rate and resolution of the RCM-100 silica cartridge system.
Figure 6 is the standard curve for the juvenile hormones I, II,

and III, The ratio of area counts measured by the Hewlett-—Packard
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integrator to the concentration of JH was linear. All three
hormones showed an absorption curve that increased in the UV as

the wavelength decreased.

DISCUSSION

To study the hormonal influence on reproduction in the boll
weevil, it was necessary to define methodology for definition of
the ecdysteroid and juvenile hormones. The extraction methods
were compatible for injection and subsequent separation and
quantification by the methods developed in this study for these
compounds. The sensitivity for the JH was less than GC-election
capture technique of Hagenguth and Rembold (11) but this HPLC
method was faster with less complications caused by impurities.
The RIA method for ecdysteroid quantification is more sensitive
but lacks specificity (12).

Our results demonstrate the presence of one ecdysteriod
(20-hydroxyecdysone) and JH I were in the boll weevil. The JH
found in most Coleopterans is JH III whereas JH I is found
primarily in Lepidoptera (13). Henson et al. (14) reported that
20-hydroxyecdysone was found in boll weevil pupae and used a
bicassay to estimate 17-35 pg/kg wet weight. Otherwise, little
information is available or known councerning the presence or
changes in ecdysteroid and JH titers in the boll weevil.

Embryogenesis begins in the pupal stage in this insect and
our results indicate that 20-hydroxyecdysone is present in the
early prepupal stages (mixed sexes) and decreases below detection
levels as the pharate adult stage appears. For days 1 and 2 after
adult emergence neither JH I nor 20-hydroxyecdysone was detected
but the ecdysteroid, in females, reached a high titer 1 day prior
to that of JH I and remained so until day 6. The JH remained at a
detectable level throughout day 9 (Fig. 7). Bownes (15) reported
that this ecdysteroid must be continuously present in Drosophila

for fat body synthesis of yolk polypeptides in females. No JH was
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FIGURE 7. 20-hydroxyecdysone and Juvenile Hormone Titers in
Adult Male and Female Boll Weevils.

detected in the males and 20-hydroxyecdysone was found in adult
males at 3 to 6 days of age. Its role in males is yet unknown.
The HPLC method developed and the results obtained in this
study provide an immediate, rapid, and sensitive system for
determining the levels of 20~hydroxyecdysone and JH I in the boll
weevil at given times on an immediate basis. These determinations
can be performed on whole body tissues, hemolymph, or fractions

thereof.

REFERENCES

(1) Staal, G, B. Plants as a source of insect hormones.
Proc. K. Ned. Akad. Wet. (C) 70: 409, 1967.

(2) Morgan, E. D. and Poole, C. F, The extraction and
determination of ecdysones in arthropods. Adv. Insect.
Physiol. 12: 17, 1976.



BOLL WEEVIL: ECDYSTEROIDS AND HORMONES 2065

(3)

(4)

(5)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

(13)

Hodgetts, R. B., Sage, B. S., and O'Connor, J. D. Ecdysone
titers during post embryonic development of Drosophila
melanogaster. Develop. Biol. 60: 310, 1977.

Wilson, I. D., Bielby, C. R., Morgan, E. D., and McLean, A.
E. M. Comparison of high-pressure liquid chromatography and
gas chromatography for analysis of ecdysteriods. J. Chromat.
194: 343, 1980.

Hsiao, T. H. and Hsiao, C. Ecdysteriods in the ovary and the
egg of the greater wax moth. J. Insect Physiol. 25: 45,
1979.

Hagedorn, H. M., O'Connor, J. D., Fuchs, M. S., Sage, B.,
Schlaeger, D. A., and Bohm, M. K. The ovary as a source of
o-ecdysone in an adult mosquito. Proc. Nat. Acad. Sci.
U.S.A. 72: 3255, 1975.

Wyatt, G. R, and Pan, M. L. Insect plasma proteins. Ann.
Rev. Biochem. 47: 779, 1978.

Baehr, J. C., Porcheron, P., Papillon, M., and Dray, F.
Haemolymph levels of juvenile hormone, ecdysteroids and
protein during the last two larval instars of Locusta
migratoria. J. Insect. Physiol. 25: 415, 1979.

Huibregtse-Minderhoud, L., Van den Hondel-Franken, M. A. M.,
Van der Kerk-van Hool, A. C., Biessels, H. W. A., Salemink,
C. A., Van der Horst, D. J., and Beenakkers, A. M. Th.
Quantitative determination of the juvenile hormones in the
haemolymph of Locusta migratoria during normal

development and after implantation of corpora allata. J.
Insect Physiol. 26: 627, 1980.

Lindig, O. H., Roberson, J., and Wright, J. E. Evaluation of
three larval and adult boll weevil diets. J. Econ. Entomol.
72: 450, 1979.

Hagenguth, H. and Rembold, H. Identification and
quantification of insect juvenile hormones as their
10-heptafluorobutyryloxy-1l-methoxy derivatives by
combination of high performance liquid chromatography and
electron capture gas—liquid chromatography. J. Chrom. 170:
175, 1979. T

Borst, D. W. and O'Connor, J. D. Arthropod molting hormone:
Radioimmune assay. Science. 178: 418, 1972.

Gilbert, L. 1., Goodman, W., and Bollenbacher, W. E.
Biochemistry of regulatory lipids and sterols in insects.



2066

(14)

(15)

(16)

WRIGHT AND THOMAS

Biochemistry of Lipids II. Vol. 14 International Review of

Biochemistry. (Ed. by T. W. Goodwin) Univ. Park Press,
Baltimore. 1977.

Henson, R. D., Thompson, A. C., Gueldner, R. C., and Hedin,
P. A. Constituents of the boll weevil. VII. The molting
hormone: isolation studies. Annals Entomol. Soc. America
65: 981, 1972.

Bownes, M. The role of 20-hydroxyecdysone in yolk-
polypeptide synthesis by male and female fat bodies of
Drosophila melanogaster. J. Insect Physiol. 28: 317,
1982.

This paper reports the results of research only. Mention of
a trademark, proprietary product or vendor does not
constitute a guarantee or warranty of the product by the U.S.
Department of Agriculture and does not imply its approval to
the exclusion of other products or vendors that may also be
suitable.



JOURNAL OF LIQUID CHROMATOGRAPHY, 6(11), 2067-2077 (1983)

The Determination of
Jodine in Milk and Milk Chocolate
by Anion HPLC

W. Jeffrey Hurst, Kevin P, Snyder and Robert A. Martin, Jr.,
Hershey Foods Corporation Technical Center
1025 Reese Avenue, P, 0. Box 805
Hershey, Pennsylvania 17033

ABSTRACT

An HPLC method is described for the extraction and analysis of
iodine as iodide in milk, cocoa beans and milk chocolate. Prior to
analysis samples are finely ground if necessary and combusted in a
modified Shoeninger flask., The liberated halide is absorbed in a
basic reducing medium which is concentrated and brought to volume with
distilled water prior. HPLC analysis used an 8 mm 5y C;g cartridge in
a RCM-100 with detection of the iodide ion at 226 nm. The mobile
phase consisted of an ion-pairing agent, buffer and acetonitrile. The
method is accurate and precise showing reasonable agreement with a
National Bureau of Standards spray dried milk sample.

INTRODUCTION

There is much interest in the analysis of iodide in various
commodities, especially milk and milk products. With the use of
iodophors as disinfectants in the milk industry some data indicates
that there is a resulting increase in iodine consumption by the
public, leading to a potential increase in thyroid disorders. There
is also interest in endogenous iodine levels in various commodities.

Methods employed for the analysis in milk and other food include
GC (1) ion-selective electrodes (2) microdistillation (%) and
differential pulse polarography (4,5). Other methods proposed include
neutron activation analysis (6), which while gcientifically

stimulating cannot be utilized in any but large laboratories. An AOAC
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Collaborative Study (7) with 7 samples and 8 laboratories using two
methods showed a relative standard deviation of 77.9% between labs and
19.1% within labs. In that collaborative study the two methods used
were the catalytic effect of iodine on the ce**-as*® reaction and

neutron activation analysis.

There has been much written about sample preparation for halide
determination. A method which has been extremely useful is oxygen
flask combustion. This method has seen wide use in the
microdetermination of ions (8) and preliminary work on its use in
iodine analysis was presented (9) but still required a complicated
distillation before a final colorimetric determination step. The
method proposed in this paper uses conventional HPLC equipment and a
UV detector to accomplish the analysis of iodine in milk, cocoa beans
and milk chocolate at lower levels of several hundred ppb. LC has
been used for the analysis of various anions but has either used
specialty packings (10) conductivity detectors (11) or has been done
on relatively pure samples (12,13,14). Others have used various ion
pairing agents but were limited to rather theoretical considerations
(15,16,17).

EXPERIMENTAL

HPLC Apparatus

The HPLC system used consisted of a Model 6000A Solvent Delivery
System (Waters Assoc.), a model 165 Variable Wavelength Detector
operated at 226 nm (Beckman Inst.), a model 710B WISP Autoinjector,
Model 720 System Controller and Model 730 Data Module (Waters
Assoc.). The HPLC Column used was & 8 mm 5p C1s Cartridge for the
RCM-100 (Waters Assoc.).

HPLC Mobile Phase

45/25/25 (v/v/v) .0025m hexadecyltrimethylammoniumchloride/.05m Na2HPOuy
/CHCN at pH 6.8 * 0.1 flowing at 2.5 ml/min,
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Todide Standard

KI (alfa) dissolved in CH;OH for a final concentration of
0.01 g/ul. Check standard and prepare fresh when degradation occurs.
Degradation can be seen by a decrease in peak length for the sample
injection and the appearance of a peak in the chromatogram equivalent

to the formation of IOj.

Other Reagents and Supplies

Other equipment used in this study consisted of a 5 liter oxygen
combustion flask (9), rubber balloons, and a rotary evaporator. Other

reagents were hydrazine monohydrate, KOH and oxygen.

Preparation of Sample

If necessary, grind sample to particle size that allows it to
pass through a 25 mesh sieve., For cocoa beans and chocolate weigh
0.5 g into Whatman 541 filter paper. For dry milk, use 0.25 g sample
size. Place this into the sample holder of the combustion flask,
containing 50 ml of distilled water, 50 ul of hydrazine monohydrate
and 3.0 ml of 0.1M KOH and a stirring bar. Attach a rubber balloon to
the side neck of the flask to allow expansion of the vapor in the
flask. Fill the flask with oxygen, clamp the holder into place and
ignite with a 650 watt photography lamp. Allow the sample to burn
until the flame is extinguished and place the flask on a stirrer at
high speed for at least 20 minutes or until the balloon is totally
deflated. Transfer the solution into a 250 ml round bottom flask with
three 25 ml portions of distilled water. Place on a rotary evaporate
at 85-90°C and rotovap to dryness. Dilute‘to 2 ml with distilled

water for the HPLC determination.

HPLC Determination

Inject 50 to 100 pl of sample extract onto the column, After
gseparation, calculate concentrations of iodide by comparing peak

heights with peak heights of iodide standard solutions.
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RESULTS AND DISCUSSION

The potassium iodide standard was scanned from 190-700 nm using &
Hitachi EPS-3T UV/Vis spectrophotometer. The potassium iodidi
exhibited absorbance maximums at 196 and 226 nm. The use of the UV
detection was based on earlier studies dealing with the UV spectra of
inorganic anions (18). The HPLC standard was injected over a 12 hour
period and no decay was evident. The standard was linear from 5 ng to
20 ug with a regression coefficient of 0.98. The 226 nm wavelength
was chosen as the one of choice since the baseline was quietier than
at 196 nm. Lower limits were 5 ng/inj and 100-150 ppb in cocoa
beans. Precision studies were run on standard, cocoa bean and milk

with data summarized in Table 1.

An evaluation of the method using KI standard (500 ppb) and
filter paper was conducted and 97% recovery was achieved. Whatman 541

filter paper was primarily chosen due to its low ash.

A sample of nonfat dry milk was provided by NBS. The milk was
reported to have an iodide concentration, for information use only, of

3.4 ug/g. Using a sample weight of 0.25 g, four analyses were

Table 1

Precision Study

Sample n Conc %Cv

Standard 26 50 ng 2.27

Cocoa hean 3 133.,4 ng 8.4

Milk 4 3.8 ug 2.8
Table 2

Cocoa Bean Recovery Studies

n=2
Amt. Added Amt. Recovered Z Recovery
+200 ng 174 ng 87

+400 ng 324 ng 81
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Sample: Iodide Std
Colum: 8mm, 5um C;3 for RQM

Mobile: 45/25/25 (Buffer/Ion Pairing
Agent/Acetonitrile)

Flow Rate: 2.5 ml/min
Detector: Beckman 165 @ 226 nm

Iodide

10 20 30
Time
(min)

FIGURE 1 Chromatogram of Iodide Std.
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Sample: Cocoa Bean
Column: 8mm, Sum Cie for RCOM

Mobile: 45/25/25 (Buffer/ Ion
Pairing Agent/Acetonitrile)

Flow Rate: 2.5 ml/min
Detector: Beckman 165 @ 226 nm

Iodide
10 20 30
Time
(min})

FIGURE 2 Chromatogram of Cocoa Bean Extract
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Sample: Milk Chocolate
Colum: 8mm, 5um C;s for RCM

Mobile: 45/25/25 (Buffer/Ion Pairing
Agent/Acetonitrile)

Flow Rate: 2.5 ml/min

Detector: Beckman 165 @ 226 nm

Iodide

10 20 30
Time
(min)
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Sample: Nonfat Dry Milk
Colunm: 8mm, S5um C;s for RCM

Mobile: 45/25/25 (Buffer/Ion Pairing
Agent/Acetonitrile)

Flow Rate: 2.5 ml/min
Detector: Beckman 165 @ 226 nm

Iodide

.-

A 3

10 20 30
Time
(min)

FICURE 4 Chromatogram of Milk Extract
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conducted with an average of 3.8 pg/g iodide. This sample was spiked

at a 200 ng level (n = 2) and 95% recovery was achieved.

The method was evaluated on cocoa beans with recovery data

summerized in Table 2.

Figures 1, 2, 3, and 4 show chromatograms of iodide standard,
nonfat dry milk, cocoa bean and milk chocolate, All iodide pesks were
scanned using the Model 165 detector. These scans were compared with
gcans including max of iodide standard to insure peak identity. The
matrix of milk chocolate was analyzed with iodide concentration of 75

ppdb for n = 2,

In summary, the method described is an accurate, precise and cost
effective alternative for the analysis of iodide. The method proposed
does not require the purchase of auxiliary HPLC equipment. It uses
HPLC equipment found in many laboratories. The method uses accepted
methods of halide determination for sample preparation prior to the
final HPLC determination step. It is linear over a wide range with a
lower limit of less than 100 ppb. Depending on sample matrix, much
lower limits are potentially achievable. Additionally, work is
continuing in our laboratory using post column reactions to increase
lower limits. If an analyst uses the 190 - 200 nm region for
detection of anions, then it is possible to detect fluoride and
chloride. In the present mobile phase, these ions elute near void
volume., Further work would therefore require adjustments in the

mobile phase.
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SIMULTANEOUS DETERMINATION OF HEAVY METALS IN WATER BY
HIGH PERFORMANCE LIQUID CHROMATOGRAPHY AFTER SOLVENT EXTRACTION
OF HEAVY METALS AS HEXAMETHYLENEDITHIOCARBAMATO CHELATES

S. Ichinoki, T. Morita and M, Yamazaki
School of Pharmacy, Hokuriku University
Ho 3, Kanagawa-machi, Kanazawa 920-11, Japan

ABSTRACT

A simple, rapid, precise and accurate method for the simul-
taneous determination of ppb levels of cadmium(II), nickel(II),
cobalt(II), copper(Il), bismuth(III) and mercury(II) in water
was developed. The six heavy metals described above in 50 ml of
water sample were quantitatively extracted into 1.0 ml of chlo-
roform by shaking for 15 min as their hexamethylenedithiocarba-—
mato chelates (HMDC chelates), then separated by reversed-phase
high performance liquid chromatography (HPLC) and the eluted
metal chelates were monitored at 260 nm. The six HMDC-metal
chelates were successfully separated on a 5 pym ODS column (4.6X%
150 mm, Cosmosil 5 C1 ), using methyl alcohol-water-diethyl
ether-buffer solution (NH,C1-NH3, pH 7.5)-10"3M hexamethylene-
ammonium hexamethylenedithiocarbamate (HMA-HMDC)=82:9:3:3:3 as
the eluent. The linear working curves for the six metals were
obtained in the concentration range of 0.3-2000 ng/ml (ppb).
Detection limits were 45-600 pg as metals. The recovery and the
precision of the proposed method were examined for the composite
sample containing the above metals and sixteen foreign ions, and
these results were 99.2-101.5 Z and 0.5-1.2 7, respectively. The
proposed method was applied to the determination of the above
six metals in river water and satisfactory results were obtained,
compared with those by the flameless atomic absorption (FL-AAS)
method.

INTRODUCTION

In recent years, HPLC has become of interest for the simple

determination method for metals, HPLC method does not require
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expensive apparatus and skillfulness, and enables simultaneous
determination of metals as comparable to FL-AAS or AAS method.
N-substituted dithiocarbamates were frequently used as the che-
lating agent (1-7). Smith et al., (1) reported a simple method
for the determination of nickel, cobalt, ion (III) and copper by
HPLC using diethyldithiocarbamate (DDTC) as chelating agent.
Their method required no pretreatment of sample water, but the
detection limits and the reproducibility were not satisfactory
(31 ppb and 11.6 %, respectively). Edward-Inatimi et al. (3)
also reported HPLC analysis of metal ions after solvent extrac-
tion as DDIC chelates. But satisfactory detection limits and re-
producibility were not obtained (50 ppb and 4 %, respectively).
Young-Tung et al. reported sensitive HPLC method using n-butyl-
2-naphthylmethyldithiocarbamate. This method, however, required
time-consuming pretreatment (4 h) and large sample size (1000 ml)
to analyze ppb levels of metals. Cassidy et al. (8-11) reported
determination of ng/ml and pg/ml levels of metals in water or
alloy by trace enrichment and HPLC. Their method employed gradi-
ent elution and postcolumn reaction. A gradient elution system
is essentially inadequate for a routine analysis, because in gen-
eral the reproducibility is not satisfactory for precise and ac-
curate determination, and then the regeneration of column (time-
consuming) and relatively expensive apparatuses are required.

We have reported a simple and rapid method for the simulta-
neous determination of lead(II), nickel(II), cobalt(II), copper
(1I), mercury(II) and bismuth(III) in water after solvent extrac-—
tion as their pyrrolidinedithiocarbamato chelates (APDC chelates)
in the concentration range of 4-1000 ppb (6) and applied also to
the simultaneous determination of lead(II), nickel(II) and copper
(II) in Orchard Leaves (NBS, SRM 1571) (7).

In this paper, we describe a more sensitive method compared
with the previous work (6) by using HMA-HMDC as chelating agent.
The presented method was possible to determination cadmium (II)

which could not determined by previous work (6).
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MATERIALS

Reagents

All chemicals used were of analitycal grade purity unless
otherwise stated. HMA-HMDC was prepared easily by the method de-
scribed by Busev et al. (12), and recrystallized twice from methyl
alcohol-diethyl ether (2:1). The final crystal was identified by
elemental analysis and mass spectrometry. The symthetic method
was summarised in the synthetic reaction (eq. 1). The crystal was
preserved in glass bottles and stored at -15°C in a refrigerator.
The HMA-HMDC solution of 10~2 M (for extraction) and 10-3 M (for
eluent) were adjusted to pH 9.0 by addition of ammonium chloride-
ammonia water buffer solution and preserved in polyethylene bot-
tles and stored a refrigerator (5°C). The standard metal solu-—
tions were prepared as follows : each of the high-purity metals,
such as cadmium, nickel, cobalt, copper and zinc, was dissolved in
dilute super special grade hydrochloric or nitric acid, and the
other metal solutions were prepared from the metal salts by dis~
solution with distilled water or slightly acidic or alkaline solu-
tion. Each stock solution was made up to contain the metal at a
concentration of 1000 ppm. Each 50 ppm standard solution prepared
by dilution of the stock solution was acidified to pH 1. A mixed
standard solution (for preparation of working curves etc.) con-
taining the six heavy metals (Cd:0.3 ppm, Ni:1.0 ppm, Co:0.5 ppm,
Cu:1.0 ppm, Bi:1.0 ppm, Hg:2.0 ppm) were also adjusted to pH 1
with hydrochloric acid. One molar ammonium citrate, dibasic solu-
tion was prepared as follows : a 226 g (1 mol) of ammonium citrate,
dibasic was dissolved with ca. 900 ml of distilled water then ad-
justed pH to 9.3 and added water up to 1000 ml. This solution was
shaked with 0.01 Z diphenylthiocarbazone-chloroform solution for
three times in order to remove heavy metals. Two molar ammonium
chloride-~ammonia water buffer solution was prepared as follows : a
107 g (2 mol) of ammonium chloride was dissolved with ca. 900 ml

of distilled water then adjusted to pH 9.0 with ammonia water and
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CH2 — CH2 — CH2

2 | SNH + CS:
CHz2— CHz —CH2 :],

CH2— CH2 — CH2 |S| /CHz— CH2—CH;
[ :N~—C—S' *HaN
CHz; —CH2 —CH2 CH2— CHz2—CH2

EQUATION 1 Synthesis of Hexamethyleneammonium Hexamethylenedithio-
carbamate ( HMA-HMDC )

diluted with water up to 1000 ml. The heavy metals in the buffer
solution used for the preparation of HMA-HMDC solution were also
removed in the manner described above. Chloroform used was puri-
fied by distillation before use. The chromatographic solvents
were prepared as follows : each commercial reagent-grade methyl
alcohol and diethyl ether was distilled and filtered through a
membrane filter (Toyo Roshi, TM-2P, 0.45 u) ; distilled and de-
ionized water was also filtered a membrane filter (Toyo Roshi,
™-2, 0.45 W). Hydrochloric, nitric acid and ammonia water were
super special grade commercial materials and used without further

purification.

Apparatus

A liquid chromatograph consisting of a Model 6000 A pump
(Waters Assoc.), a U6K universal injector (Waters Assoc.) and
UVIDEC-100-III ultraviolet spectrophotometer (Japan Spectroscopic
Co., Tokyo, Japan) was used. A 4,6x150 mm reversed-phase column
(Cosmosil 5 Cy packed column, 5 pym, Nakarai Chemicals, Kyoto,
Japan) was employed. This column was cooled at 10.0 % 0.1°C by a
Taiyo Scientific Industrial Co. Ltd. Model 150 L coolpipe and a
Model Ace-80 thermominder in all runs. A Hitachi Model 200-20
spectrophotometer was employed for the measurment of UV spectra
of HMDC-metal chelates. A Yamato Model SA-31 auto shaker was used

for extraction of HMDC chelates and operated at a rate of ca. 250
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r.p.m. in all experiments. FL-AAS analysis was performed by Nippon
Jarrell Ash (Kyoto, Japan) Model AA~-8500 atomic absorption, flame
emission spectrometer equipped with Model FLA-100 flameless atom—

izer and Model MC-100 microprocessor concentration readout system.

METHODS

HPIC System

In general, dithiocarbamates and their metal chelates were
thermodynamically unstable. The eluent, thekefore, contained trace
amount of HMA-HMDC, and the resevoir was cooled in an ice bath, and
the column was adjusted to 20 + 0.1°C. The bubbles which appeared
in the connecting tube between a pump and a eluent reservoir by
changing of eluent temperature (0°C=>» ca.20°C) were trapped with a
glass tube (6 mm i.d.X 30 mm). Schematic diagram of the chromato-

graphic system is shown in Fig. 1.

HPLC Separation of HMDC-Metal Chelates

A normal-phase (silica gel) and a reversed-phase (ODS) columns
were examined as the stational phase, and verious solvents, such as
n-hexane, cyclohexane, chloroform, iso-propylalcohol, methyl alco-
hol, acetonitrile, water, ethyl acetate, diethyl ether, ethyl alco-
hol etc., and their mixture were examined as the eluent.

Addition of 1.0% 10~3 M HMA-HMDC to the eluent was needed for
the reproducible chromatograms. In order to decide the optimum
concentration of HMA-HMDC, the measurements of peak heights of HMDC
chelates were carried out at verious HMA-HMDC concentrations.

The effect of injection volume of chloroform extract on the
HPLC separation was also investigated.

Ultraviolet spectra of HMDC-metal chelates were measured to

decide the detection wavelength.
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FIGURE 1 Schematic Diagram of the HPLC System.

Extraction Conditions

Optimum amount of HMA-HMDC and shaking time required for si-
mul taneous quantitative extraction of the six heavy metals were in-
vestigated. The peak heights were measured at verious amount of
HMA-HMDC solution and shaking time. The condition of extraction pH
and the amount of buffer and masking agent solution for ion(III)

were based on the previous work (6).

Working Curves

The working curves for the determination of six metals were
prepared from 50 ml of standard solution containing the six metals,

according to the recommended analytical procedure.

Recovery of the Metal Ions from Composite Sample

The effect of foreign ions coexisted on the determination of

the six metals were investigated. The composite sample coexisting
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sixteen foreign ions was analysed by using the proposed method. The
recovery and coefficient of variation for the determination of cad-
mium(II), nickel(II), cobalt(II), copper(II), bismuth(III) and mer-

cury(II) were investigated.

Determination of Trace Amount of Metals in River Water

The proposed method was applied to the determination of metals
in river water samples. The samples were taken from Tamatani, GO8-
tani and Kakehashi river (Komatsu, Japan), and they were adjusted
to pH 1 with hydrochloric acid in situ, then they were stored in
polyethylene bottles. After the samples were filtered through mem-
brane filters (Toyo Roshi TM-2, 0.45 u), the analysis were carried
out for the filtrates by the proposed HPLC method and the FL-AAS
method.

RESULTS AND DISCUSSION

HPLC Separation of HMDC-Metal Chelates

When reversed-phase columm (cosmosil 5 Cp ) and a mixed solu-
tion of methyl alcohol-water—diethyl ether—1.0xX10~3 M HMA-HMDC were
used, Cd(II)-, Ni(II)-, Co(II)-, Cu(II)-, Bi(III)- and Hg(IL)-HMDC
chelates were sufficiently separated. Addition of a buffer solu-
tion (NH4C1-NH3, pH 7.5) to the eluent provided reproducible chro-
matograms. Decomposition rate of HMA-HMDC and HMDC chelates in the
eluent are slow at a high pH, but the ODS columns can not use at
more than pH 8. Thus the eluent was adjusted to pH 7.5. The peak
heights of the chelates were reproducible in the HMA-HMDC concen-
tration range of 2-6% 1075 M,

When 5 ul or above chloroform extract was injected into the
column, the width of each peak became broad, therefore 3.0 ul of
chloroform extract was used in the HPLC procedure. A typical chro-

matogram and the optimum separation conditions were shown in Fig.2.
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1 2 0.002 O.D.

Absorbance at 260 nm

A=

] 1
0 10 20 (min)
Retention Time

FIGURE 2 Typical Chromatogram of Standard HMDC Chelates

1 cd(2.3 ng), 2 : Ni(7.5 ng), 3 : Co(3.8 ng)
4 : Cu(7.5 ng), 5 : Bi(7.5 ng), 6 : Hg(15 ng)
7 : decomposition product of HMA-HMDC
HPLC conditions
Column : Cosmosil 5 Cig, 4.6 mm i.d. x 15 em(10+0.1°C)
Eluent : methyl alcohol/water/diethyl ether/10-% M
HMA-HMDC/buffer solution(pH 7.5) =
82/9/3/3/3
Flow Rate : 0.8 ml/min, Injection Volume : 3.0 ul
Eluent reservoir was cooled in an ice bath.

Extraction Conditions

When 0.8 -4.0 ml of 0.010 M HMA-HMDC was added, reproducible
peak heights were obtained over the metal concentration range of
10 - 2000 ppb. The shaking time was investigated in the presence of
3.0 ml of 0.010 M HMA-HMDC over the range of 1-30 min. A part of
the results was summarized in Fig. 3. The six heavy metals were
quantitatively extracted by shaking for 10-20 min in the metal
concentration range of 10— 2000 ppb in the presence of 3.0 ml of
0.010 M HMA-HMDC. In the recommended procedure, 3.0 ml of 0.010 M
HMA-HMDC and 15 min for shaking time were employed.

Recommended Analytical Procedure

From the studies described above, the following procedure is

recommended for the simultaneous determination of cadmium(II),
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FIGURE 3 Effect of Shaking Time on the Extraction

Metal Concentrations

Cd : 30 ppb, Co : 50 ppb, Hg : 200 ppb, Ni,Cu,Bi :

100 ppb ( detector range : 0.04 0.D. )
Extraction was carried out in the manner shown in Scheme 1.
HPLC conditions were same as shown in fig.2.

nickel(II), cobalt(II), copper(II), bismuth(III) and mercury(II) in
water (Scheme 1) : a 50 ml of sample water containig 0.015- 100 ug
of each metal is put into a separatory funnel. Then the six heavy
metals are extracted according to the recommended analytical proce-—
dure as shown in Scheme 1. A 3.0 ul portion of the chloroform ex-
tract was injected into the column (Cosmosil 5 Cig, 4.6 mmX 15 cm)
which adjusted to 10.0 % 0.1°C. The eluent (methyl alcohol - water
— diethyl ether — buffer solution(pH 7.5) - 1.0x1073 M HMA-HMDC =
82:9:3:3:3) cooled in an ice bath was flowed at a rateof 0.8 ml/min
and the eluted HMDC-metal chelates were detected at 260 nm. The
each amount of metal could be determined by measuring the peak

height or the peak area.

Working Curves and Detection Limits

The working curves for the determination of the six metals were

prepared with 50 ml of standard solution containing these six metals
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50 ml of sample water

add 10 ml of 1.0 M ammonium citrate, dibasic
solution (pH 9.3)

add 2 drops of 0.1 Z metacresol purple solution
add ammonia water(1+1) until purple colour develop
add 3.0 ml of 0.010 M HMA-HMDC

add 1.0 ml of chloroform

shake for 15 min
|

stand for 3 min

:

aqueous phase chloroform phase

inject 3.0 pl of chloroform extract
into the HPLC column

SCHEME 1 Recommended Extraction Procedure for the Determination of
Cd, Ni, Co, Cu, Bi and Hg by HPLC

according to the above procedure. All the working curves obtained
showed good straight lines and passed through the origin. They were
expressed by least-squares fitting. The regression lines obtained
and values of correlation coefficient were summarized in Table 1.

Detection limits of each metal was 45 pg for cadmiun(II), 150
pg for nickel(II), 75 pg for cobalt(II), 150 pg for copper(II), 150
pg for bismuth(III) and 300 pg for mercury(II).

Recovery of Metal Ions from Composite Sample

The effects of presence of other ions on the determination of
the six metals were investigated., The results were summarized in
Table 2. The limiting value of the foreign ions was taken as that
value which caused an error of less than 10 Z in the recovery of
each at least one metal. Lead(II) and zinc(II) influenced the re-
covery of nickel only, but almost ions did not have significant

influence on the recovery of the six metal ions.



Table 1 Regression Lines of the Working Curves for the
Six Heavy Metal Ilons

Metal Concentration Regression Correlation
Ion Range (ppb) Line Coefficient
cd(I1) 30 - 300 y*= 0,50843 x**% (0,99985
Ni(I1) 100 - 1000 y = 0,15528 x 0.99967
(a) Co(I1) 50 - 500 y = 0.31130 x 0.99970
Cu(II) 100 - 1000 y = 0.17996 x 0.99972
Bi(ITII) 100 -~ 1000 y = 0.14309 x 0.99899
Hg (I1) 200 - 2000 y = 0.05077 x 0,99821
cd(11) 3 -30 y = 0.59710 x 0.99948
Ni(II) 10 - 100 y = 0.15297 x 0.99913
) Co(II) 5 - 50 y = 0.27304 x 0.99927
Cu(II) 10 - 100 vy = 0.15910 x 0.99864
Bi(III) 10 - 100 y = 0.13045 x 0.99971
Hg(I1) 20 - 200 y = 0.04433 x 0.99959
cd(11) 0.3 - 3.0 y = 0.81141 x 0.99917
Ni(I1) 1.0 - 10 y = 0.25629 x 0.99196
) Co(II) 0.5 - 5.0 y = 0.24250 x 0.99923
Cu(I1) 1.0 - 10 y = 0.11839 x 0.99920
Bi(ITII) 1.0 - 10 y = 0.,09932 x 0.99916
Hg(I1) 2.0 - 20 y = 0.03178 x 0.99839

Detector Range : (a);0.32 0.D., (b);0.04 0.D., (c);0.005
0.D. and all peak heights were calcu-
lated at 0.04 0.D.

y* : peak height at 0.04 0.D. (cm)

x** : metal concentration (ppb)

Table 2 Effect of Foreign Ions and Salts on the
Determination of the six heavy metals*

Ion Tolerance Ion or Tolerance
Limits Salt Limits

Ag (1) 1.0 ppm Sr (1I1) 500 ppm

As(I1I) 100 ppm Pb(11) 0.05 ppm

Ca(II1) 500 ppm Zn(I1) 0.1 ppm
Cr(11I) 10 ppm NaCl 1.0 7
Cr (VI) 500 ppm KC1 1.0 %
Fe (I1I) 0.5 ppm KNO3 0.5 7%
HCO3 100 ppm NaNO, 0.5 %
Mg (1I) 100 ppm Na»S0y 1.0 7
Sn (I1) 1.0 ppm NaH2POy 5.0 %
Sn (IV) 0.1 ppm HC104 1.0 %
Mn (I1) 5.0 ppm Na2503 0.01 %

Concentration of each heavy metal was 15 ppb for
Cd(11), 50 ppb for Ni(II), 25 ppb for Co(II), 50
ppb for Cu(II), 50 ppb for Bi(III) and 100 ppd
for Hg(I1).
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Table 3 Recovery of the Six Heavy Metal Ions from
Composite Sample in the Presence of Sixteen
Foreign Ions or Salts

Ion Taken Found Recovery C.V.
(ppb) (ppb) 7)) Cz)

cd(1I) 15.9 15.7 £ 0.2 99.4 1.2
Ni(IT) 50.0 50.4 % 0.6 100.8 1.2
Co(II) 25.0 25.2 £ 0.1 100.8 0.5
Cu(1I) 50.0 50.7 + 0.4 101.5 0.7
Bi(III) 50.0 49.6 + 0.4 99.2 0.9
Hg (II) 100.0 100.9 + 0.9 100.9 0.9

Coexistent ions(ppm) and salts(Z)
Ag(I) 0.1, ca(II) 50, Cr(III) 0.5, Fe(III) 0.05,
Mg(II) 50, As(III) 10, Mn(II) 0.5. Sn(II) 0.1,
Sr(II) 10, Zn(II) 0.05, HCO§ 10,
HCl04 0.01, KC1 0.1, KNO3 0.01, NaCl 0.1, NaNO;
0.01

Table 4 Analytical Results of Metal Ions in River
Water Samples

Concentration ( ¥ + s, ppb )*

Sample Method

cd(11) Co(II) Cu(II)
Tamatani HPILC 2.3 + 0.0 3.6 + 0.1 460 % 4
River FL-AAS 2.0 + 0.2 <10 453 + 62
Gétani HPLC 0.9 £+ 0.0 1.5 + 0.1 319 + 4
River 1 FL-AAS <1 <10 320 + 23
Gdtani HPLC 0.4 % 0.0 1.3 % 0.1 132 + 1
River 2  FL~AAS <1 <10 127 &£ 12

Kakehashi HPLC 0.7 £ 0.1 t.4 + 0.1 40 = 1
River FL-AAS <1 <10 44 + 3

* : average value % standard deviation, N=4
FL-AAS conditions
Dry : 25 A, 30 sec, Ash : Cd;30 A, 30 sec,
Co,Cu;80A, 30 sec, Atomize : Cd;1504, 8 sec,
Co,Cu;300A, 10 sec
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FIGURE 4 Typical Chromatogram Obtained by River Water Samples

1 : Cd(0.7 ppb), 2 : Ni(1.4 ppb), 3 : Co(1.4 ppb),
4 3 Cu(40 ppb), 5 : Zn

* : changing of detector range

Other HPLC conditions were same as Fig. 2.

The recovery and the coefficient of variation for the deter-
mination of the six metals in the composite sample prepared from
the standard solution were investigated by means of the recommended
method. The determination of these metals was carried out in the
presence of sixteen ions or salts. The results were shown in Table
3. The six metals were recovered more than 99.2 %, and the coeffi-
cient of variation was in the range of 0.5-1.2 % from six repeated

extractions.

Application to the Determination of Trace Amount of Metals in River
Water

The proposed method was applied to the determination of trace
amount of heavy metals in river water samples. The samples were
collected from Tamatani, GStani and Kakehashi river (Komatsu,Japan)
and they adjusted to pH 1 with hydrochloric acid in situ. After the
samples were filtered through membrane filters(Toyo Roshi, TM-2,

0.45 ym), the analysis were carried out for 50 ml aliquots of the
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filtrate by the recommended HPLC method. The analytical results
were shown in Table 4 and Fig. 4. The metals in the same samples
were also determined by FL-AAS method. Bismuth(III) and mercury
(II) in river water samples were not detected by both methods.
Nickel was only detected in the Kakehashi River(1.4 + 0.1) by the
HPLC method, but the other samples contained less than 1.0 ppb (
corresponding to the detection and determination limits of nickel).
As can be seen from Table 4, analytical results obtained by the AAS

and the proposed method were good agreed.

DISCUSSION

The proposed method permited the simultaneous determination of
ppb levels of cadmium(II), nickel(II), cobalt(II), copper(II), bis~
muth(III) and mercury(II) in water without receiving serious inter-
ference from foreign ions. This method is suitable for a routine
analysis, because the method is rapid, simple, precise and accurate.
In addition, this method does not require so expensive apparatus
and special skillfulness, and has extensive concentration range of
working curves (by a factor of 1000). Several metal ions whose con-
centration were very different were simultaneously determined by

only changing the detector range without dilution of samples.
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HARDWARE FOR MICROPROCESSOR CONTROLLED HPLC:
INTERFACING OF AN INTERVAL TIMER AND INTERRUPT CONTROLLER
TO THE "S100 BUS SYSTEM'"

David B. Smoll and Ram P. Singhal*
Department of Chemistry, Wichita State University,
Wichita, Kansas 67208

ABSTRACT. A hardware interface for the 8253 Interval Timer and
the 8259 Interrupt Controller to the standard '"S100 Interface Bus
System" is described herein. The interface allows the three
timers of the 8253 Interval Timer to be synchronized by either an
external trigger or an internal trigger issued by the micropro-
cessor. This permits synchronized control of external devices
either by the microprocessor, manually, or otherwise externally.
Furthermore, two of the three timers are driven by two indepen-
dent programmable clocks. This enhances their range, in contrast
to a fixed clock, while maintaining the lowest possible error.
The addition of the 8259 Interrupt Controller further supplements
the flexibility of this interface. It permits the synchroniza-
tion of software along with the external devices and permits the
timers to be used in a "stopwatch" fashion by allowing them and
the external trigger to initiate an "interrupt".

INTRODUCTION
The advent of “single board" microprocessors such as the ''Sym",
"Kim'" and "Explorer 85" have brought automated HPLC systems with-

in the economic reach of many laborators. These inexpensive pro-

grammable controllers are easily coupled to a larger computer in

*Address all correspondence to RPS.
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a master/slave configuration. The microprocessor, as the slave,
is used to control the chromatography apparatus while collecting
data for transfer to a master computer for subsequent processing
and print-out.

A computer-microprocessor network of this style requires two
interfaces, one between the microprocessor and the apparatus to
control the system; the other between the microprocessor and the
computer to perform data transfer. Fortunately, the major com-
ponents for various versions of the latter interface are included
on most computers and microprocessors. These are usually acces-
sed directly through the ''user'" or ''Peripheral Port'". If not, a
"Peripheral Port Interface'" chip provides a simple, straight-for-
ward interface.

The other interface, between the microprocessor and the
chromatography apparatus, is rarely provided and is much more in-
volved. It consists of any number of analog-digital and digital-
analog converters, device select decoders and drivers, data reg-
isters, timers and controllers to name only a few. However, the
literature on such interfaces to a large extent is limited to
manufacturer's data books on the individual integrated circuits.
The hardware and actual circuitry associated with these chips
are somewhat neglected. To fill this gap, it is the purpose of
this paper to describe a software programmable interval timer-
interrupt controller interface.

The need for such an interface is self-evident. In addition

to providing the three independent timers of the 8253 Interval
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Timer (I.T.) the interface also provides a means by which an

external device (the HPLC apparatus) can communicate with the
microprocessor's central processing unit (CPU) by including the
8259 Interrupt Controller (I.C.). Through this controller, de-
vices such as thermostats for constant temperature baths, analog-
digital converters for monitoring the output of absorbance moni-
tors and pH meters, pressure sensors in pumping systems, and
even fluid level sensors in eluant reservoirs can signal the
CPU. The 8259 I.C. is not an "input port' for digital data but
rather an interrupt signal source. After receiving an interrupt
request signal from a device, the controller issues an interrupt
signal to the CPU followed by a subroutine address to which the
program jumps. The address and the interrupt priorities are
both software programmable.

This, however, is not the only function of the interface.
The main intent is to provide the microprocessor with several
programmable timers and necessary control and synchronization
circuitry for accurately timed and synchronized intervals. Such
timed intervals are a must in microprocessor controlled HPLC sys-
tems if the potential speed and accuracy of such a system is to
be achieved. This is particularly true when making periodic
measurements. Even a small error in timing becomes substantial
when several thousand measurements are taken. However, this pro-
blem is eliminated by this interface. As a consequence, the
timers may be programmed in a ''free-running" mode without los-

ing the initial accuracy and synchronization. This simplifies
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the programming when taking periodic readings of absorbance for
integration of peak areas. Furthermore, a provision is provided
in the timer control circuitry to enable a timer to be programmed
as a "'stopwatch'", thus allowing the computation of flow rates

by the microprocessor and consequently the subsequent computation
of retention volumes and times, as well as fraction size.

The remainder of the interface consists of three registers
and associated circuitry which are decoded as two output ports
and one input port as shown in Diagrams la and 1b. The two out-
put ports (timer control register and clock select register) pro-
vide software control of all three gates and two of the three in-
dependent clocks of the 8253 I.T. The Timer Control Register
also provides control of two "External Timed Outputs" and the
mode of synchronization (internal or external) of the timers,
external devices and software. The third register (Timer Status
Register) provides the CPU with the status of the gates and out-
puts of the timers and the status of the external trigger.

Furthermore, this interface takes full advantage of the
microprocessor's reaction time and speed by allowing machine
language level programming. This eliminates much of the redun-
dancy in the machine language program generated when using a
higher level language such as "FORTRAN'" or "BASIC".

MATERIALS
The 8253 Interval Timer and 8259 Interrupt Controller (Intel

Corp., Sanat Clara, CA) were purchased from the Digi-Key Corp.,
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Thief River Falls, MN. All othet integrated circuits used in this
interface are of the SN74LS!' Series (Texas Instruments, Inc.,
Dallas, TX). The microprocessor used is the "Explorer 85" single
board microprocessor, ASK II terminal version with levels A, B, S,
D, and E (Newtronics Research and Development LTD, New Milford,
CT). It uses the 8085 CPU and is equipped with a standard ''S100
Bus System'' and interface card cage. The interface cards (Univer-
sal Microcomputer Processor Plugboard, No. 8800V, Vector Electron-
ic Co., Inc.) were obtained from Jameco Electronics, Belmont, CA
and are designed for "wire-wrap' assembly. The "Explorer 85' is
interfaced to a ASR35 teletype (Teletype Corp., Skokie, IL) with
a 20 milliamp loop. All programming is done on the machine lan-
guage level of the 8085 CPU.
DISCUSSION

Upon initialization of the Explorer 85 Microprocessor, pres-
sing the "Reset Key', a '"Reset Signal" is sent out on the Power
On and Clear (POC) line of the "S100 Bus'. This in turn causes
two events to occur in the 8253 I.T. interface hardware. All out-
put registers are cleared and all flip-flops are reset. This
causes all gates to the timers of the 8253 I.T. to go low, which
turns off each timer (1); the two programmable clocks are set to
1.0 megahertz and all "external' circuits are disabled. (A low
condition of a line or signal is defined as a voltage between
0.45 and 0.0 volts on that line. It is synonymous with a digi-

tal logic 0 or false condition.) Consequently, the external trig-
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Microprocessor Controlled HPLC. A schematic view of the flow dia-
gram showing the interfacing of the interval timer, 8253 (Diagram
la) and the interrupt controller, 8259 (Diagram 1b) to the ''S100
Bus System''. See the text for details. (Write to the author RPS
for a clear diagram and details.)
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ger is cleared and disabled and the External-Timer-Outputs are
reset low; thus preventing the timers or the external circuitry
from causing a system interrupt through the 8259 I.C. or trig-
gering an external device to which they are connected.

The 8253 I.T. and associated registers are now ready to be
programmed. The 8253 I.T. is programmed in the usual way (1).
Its Mode Control Register and the three counters are ''loaded"
with "output" instructions. However, the timers do not start
since all gates are maintained low.

1., The Timer Control Register.

a. Control of the gates of the timers. The gates are con-
trolled by the Timer Control Register as illustrated in Diagram
la. The outputs of the Timer Control Register are divided into
three sets as shown in Figure 1. The first three bits of the
register (D0 to D2) control the status of the gates to the
timers located in the 8253 I.T. After initialization, each bit
(D0 to D2) is reset low. As a consequence, this inhibits the
counters in the timers, in effect, keeping them turned off. To
start a particular timer the bit corresponding to that gate is
set high. (A high condition of a line or signal is defined as
a voltage between 2.4 and 5.0 volts on that line. It is synon-
ymous with a digital logic 1 or true condition.) A specific
timer(s) can be turned on or off by setting or resetting the
appropriate bit(s) since the state of the bits is independent.

In this way the computer can control the running of the timers

directly in a synchronous manner.
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FIGURE 1

The Time Control Register (see Diagram la for its relation with
other components). The gates and synchronization of the timers
are controlled by the register.

b. Synchronization of the timers. The synchronization of the
timers is achieved by generating a trigger pulse which clocks the
data in bits DO’ D1 and D2 to the outputs of three "D'" filp-flops
which are connected to the gates of the timers (see Diagram la).
The trigger pulse can be generated either internally or external-
ly. This trigger pulse generating source is controlled by the
next three bits of the Timer Control Register (D3 to Ds) (see
Figure 1). In the case where the bit (DZ to DS) is low, the trig-
ger pulse for the corresponding gate is generated internally at
the end of the "output'" instruction cycle which loads the Timer
Control Register. However, when the bit for the desired gate is
set high, the internally generated trigger is inhibited and the
external trigger is enabled for that gate. The external trigger
can be generated at any time at the operator's discretion by
grounding the "External Trigger In'' line after setting one or

more of the trigger control bits. In addition, after generating
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the external trigger, an External Trigger Acknowledge signal is
generated which can be used to initiate an interrupt through the
8259 I.C. and thus synchronize software with the External Trigger.
Furthermore, this acknowledge signal can be used to control an
external device via the "External Trigger Out" line.

c. Control of external devices by the timers. The last two bits
of this register (D6 and D7) are an External Timer Output Enable
(see Diagram 1 and Figure 1). The setting of bit D6 or D7 (or
both) make outputs of Timer 0 and Timer 1, respectively, avail-
able to an external device. Consequently, these two timers can
be used to control and synchronize an external devide or event
such as the timed collection of fractions or the switching of
eluant after a prescribed length of time.

2. The Clock Select Register.

a. Selection of clock frequency. The second output port is the
Clock Select Register (see Diagram 1b). This register is divided
into two 4-bit registers as shown in Figure 2. The first four
bits (DO to D3) determine the clock frequency for Timer 1 while
the second four bits (D4 to Dg) determine the clock frequency for
Timer 2. (Timer O has a fixed clock frequency of 60 hertz derived
from the AC supply of the power supply.) The actual frequency is
selected by the last three bits of each 4-bit register. The

clock periods and associated three bit code for each timer are
shown in Figure 3. The periods are prime numbers listed in micro-

seconds. These prime numbers periods permit a wide variety of
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FIGURE 2
The Clock Select Register (see Diagram 1b for its relation with

other components). The clock frequency for timers 1 and 2 are
determined by the Clock Select Register.

timed intervals with the least redundancy, while the whole number
increments simplify selection. The first bit of each 4-bit Clock
Select Register, D1 and D4, is a "double time'" bit. When it is
set high, the clock periods of Figure 3 are doubled. This great-
ly increases the set of intervals which can be accurately timed
by adding a large number of even intervals which cannot be timed
with the odd prime clock periods.

b. Clock synchronization. In addition, the two clock generators
contain a "restart" (or reset) provision. The restart is trig-
gered by a "Sync Pulse'" generated when the gate for the timer goes
high. Consequently, when the gate for Timer 1 or Timer 2 goes
high, the timer is started and the corresponding clock is reset

to the beginning of the clock cycle. This synchronizes not only
the times but also their clocks and eliminates the possibility of
starting the timers in the midst of a clock cycle. Thus the total
error in any timed interval is reduced to less than one microsec-

ond for both the normal frequency and the "Double Time' frequency.
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FIGURE 3

A tabulation of clock rate codes indicating the clock periods and
corresponding three bit code for each timer. The periods are
prime numbers listed in microseconds. Setting of the '"double
time" bit doubles these clock periods.

3. The Timer Status Register.

The third register associated with the 8253 I.T. is the
"Rimer Status Register'" (see Diagram la). This is an input reg-
ister which allows the microprocessor to ''poll' status of timer
outputs, gates, and the External Trigger Acknowledge line as shown
in Figure 4. The data are latched into this register upon addres-
sing it with an "input" instruction to insure current data. This
register is particularly useful in verifying the status of the
aforementioned outputs and lines and determining which half of the
count a timer is on by polling the status of its output. This is
necessary when the timers are used in a '"'stopwatch'" manner (1) to
increase the accuracy of the measured time.

4., The 8259 Interrupt Controller.

The 8259 Interrupt Controller (I.C.) is interfaced as shown

in Diagram 1b. There are no auxillary registers associated with
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FIGURE 4
The Timer Status Register (see Diagram la for its relation with

the interval timer, 8253). The microprocessor 'polls' status of
timer outputs, gates and external trigger acknowledge line.

it. The outputs of Timers 0, 1, and 2; and the external Trigger
Acknowledge line are connected directly to the "Interrupt Request'
lines (IRQ) 1, 2, 3, and 4, respectively. (IRQ O is being used by
an A/D Converter in our system.) Consequently, anyone of these
lines can initiate an interrupt, provided that the corresponding
IRQ is unmasked (2). If this is done, a software subroutine can
be synchronized with the timers or external trigger.

The programming of the 8259 I.C. is done with "input" in-
structions to read its output registers and '"output" instructions
to load its input registers. This masks and unmasks IRQ lines,
determines the memory address vectored to upon receipt of an in-
terrupt request, and determines the mode of operation (2).

The three "Cascade Inputs' (CAS 1, 2, and 3) and the SP/EN
output are not used. They are left available for cascading of
three more 8259 Interrupt Controllers with the remaining three

IRQ inputs, thus making it possible to add another 24 IRQ lines to

the system (2).
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ABSTRACT

On-line or off-1ine oxidations of various alcohols, aldehydes, and
ketones can now be performed in conjunction with high performance 1iquid
chromatography (HPLC), utilizing a newly developed polymeric permanganate
so1id phase reactor (SPR). These derivatization reactions are compatible
with most reversed phase and normal phase solvents for HPLC separations,
and many of these oxidations can be accomplished in real-time, on-Tine, at
or above room temperature. Such HPLC-SPR approaches for chemical modifications
and derivatizations of various oxidizable analytes provide a useful and
quite practical newer approach for the HPLC-ultraviolet (UV) detection of
appropriate analyte species. Difference chromatography, often with improved
UV detection, can be used to confirm the suspected presence of a particular
oxidizable analyte in a complex sample matrix. A1l of these solid phase
derivatizations utilize conventional, commercially available HPLC instruments
and accessories. These HPLC-SPR oxidation methods for chemical derivatiza-
tion have also been applied to certain real world samples, in order to
demonstrate the overall value and applicability of such analytical approaches.

INTRODUCTION (1)

Although a very large number of derivatization approaches have already
been described for HPLC applications/utilization, perhaps more than 99% of
these have utilized standard, homogeneous type approaches (2-10). Indeed, most
conventional homogeneous derivatizations for HPLC are still done off-line, in
the pre-injection/column mode, wherein the desired derivative(s) and excess
derivatizing reagent(s) are injected together. More recently, automation of
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both pre-column and post-column homogeneous derivatizations, off-line and on-
line respectively, have become quite popular and widespread. Nevertheless, it
is clear to us and others that homogeneous derivatizations have certain in-
herent, difficuit to avoid/overcome, disadvantages in trace analysis. We have
recently summarized many of these more serious disadvantages, and at the same
time, we have discussed in depth what we believe are some of the more signifi-
cant advantages of utilizing solid phase derivatizations in HPLC (2, 3, 11-15).
In previous publications, we have described two distinct approaches to per-
forming, on-line, in real-time, pre- or post-column chemical reductions of
various aldehydes or ketones (11, 12). In one of these approaches, we used

an in-house prepared polymeric borohydride solid phase reactor (SPR), which
could then be utilized for the efficient reductions of aldehydes in reversed
phase (RP) HPLC separations. In the other publication of ours in this area, we
described the preparation and use of a silica supported borohydride reagent for
performing similar reductions of aldehydes and ketones, now using normal phase
HPLC solvents and separation conditions (11). At the same time, Frei's group
in Amsterdam have just described similar approaches in HPLC-SPR, wherein the
alumina support commonly used for HPLC separations has been utilized for
certain catalytic reactions, pre-column, on-line, in real-time derivatizations
(14). Our own ‘interest in HPLC-SPR has now been extended to the development,
optimization, and application of a newer polymeric oxidizing SPR for on-line
and off-line derivatizations in HPLC.

We describe here the preparation, characterization, evaluation, optimiza-
tjon, and application of a polymeric permanganate resin for performing a wide
variety of solid phase oxidations of suitable alcohols (primary/secondary),
aldehydes, and some ketones. Such derivatization approaches have been developed
for both on-line and off-line applications, with both reversed phase and
normal phase HPLC conditions and separations. Percent oxidations have been
determined as a function of the derivatization conditions and solvents, and
where possible, these have been optimized with regard to time and temperature.
At the same time, it has now been possible to evaluate what other classes of
organic compounds do not undergo oxidations with this particular SPR. In
all of these HPLC-SPR studies, difference chromatography has been utilized,
wherein the analyte or sample matrix is first injected onto a dummy SPR plus
the analytical column, and then in a separate injection, onto a combination of
the oxidizing SPR plus the same analytical column. In both instances, the only
change in the two chromatograms thus generated is due to the presence of the
oxidizing reagent (permanganate) on the oxidizing SPR, but all other HPLC-

SPR operating conditions remain constant. Although UV detection has been
emphasized throughout these particular studies, often with enhanced UV detection
following SPR oxidations, it is indicated that these approaches are totally
amenable and applicable to virtually any known/commercial HPLC detector. This

is true, as long as either the starting material and/or the product can be
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detected with the particular HPLC detector of choice or availability (2). In-
deed, a combination of HPLC detectors could be utilized with HPLC-SPR, and the
overall analyte/product specificity could be considerably enhanced over the
use of a single such detector.

Finally, these HPLC-SPR oxidation approaches have now been applied to
two real world samples, resulting in the partial or complete oxidation of
the starting alcohol present. In one such instance, it has been possible to
oxidize benzyl alcohol present in a particular hair shampoo, and to observe
the formation of the expected aldehyde and carboxylic acid following HPLC-SPR
oxidation. In the second instance, riboflavin has been oxidized to a variety
of products, perhaps due to the presence of a sugar moiety capable of under-
going oxidations of the various alcohol functionalities simultaneously. It is
suggested that a large number of other possibly interesting applications for
this particular oxidizing SPR will be developed in the very near future.

EXPERIMENTAL
Reagents and Chemicals

Certain preliminary studies on SPR oxidations were performed with a
commercially available sample of chromic acid on Amberlyst A-26 (2.2 meq
Cr03/g reagent), obtained from Alfa Products, Ventron Division, Thiokol Corp.
(Danvers, Mass.). This material was used directly in on-Tine and off-line
work with various alcohols, but its oxidizing efficiency was less than
adequate or desirable for most HPLC-SPR applications. The polymeric permanganate
SPR was prepared using an analytical grade anion exchange resin, AG 1-X8, minus
400 mesh (Bio-Rad Laboratories, Richmond, California). This is a styrene-
divinyl benzene based quaternary ammonium (C1~ form) anion exchange resin which
has proven useful in this and previous polymeric SPR studies (12).

HPLC solvents were obtained from Waters Associates, Inc. (Milford, Mass.),
as their HPLC grade materials, distilled-in-glass. A1l such solvents were used
as received, with de-gassing and filtering through a 0.45um solvent filtration
kit/filter (Millipore Corp., Bedford, Mass.). At times, HPLC grade water was
obtained from MCB Manufacturing Chemists, Inc. (Gibbstown, N.J.), as their
Omnisolv brand HPLC solvent.

The various chemicals and reagents utilized here were obtained from
a variety of commercial suppliers, of the highest purity available, and were
used as received, without further purification. These were obtained as follows:
potassium permanganate (Aldrich Chemical Co., Milwaukee, Wisc.); benzoquinone
(Aldrich); acetophenone (Aldrich); benzhydrol (Aldrich); benzyl alcohol (Aldrich);
trans-cinnamaldehyde (Aldrich); cinnamyl alcohol (Aldrich); benzaldehyde (J.T.
Baker Chemical Co., Phillipsburg, N.J.); benzophenone (Fisher Sci. Co., Medford,
Mass.); p-nitrobenzaldehyde (Sigma Chemical Co., St. Louis, Mo.); p-nitro-
benzyl alcohol (Aldrich); Faberge Hair Shampoo (MediMart Drugs, Boston, Mass.);
sec-phenethyl alcohol (Aldrich); salicylaldehyde (Aldrich); hydroguinone
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(Aldrich); o-aminobenzyl alcohol (Aldrich); o-aminobenzaldehyde (Aldrich);
benzoic acid (Aldrich); riboflavin (Vitamin BZ)(Sigma Chemical Co.). Lanthanum
nitrate [La(N03)3] was obtained from Matheson, Coleman, and Bell, Inc.,
(Norwood, Ohio).

The polymeric oxidizing resin (permanganate) was prepared by using
the AG 1-X8 resin (5g), potassium permanganate (1.5g), and La(N03)3 (0.5¢g)
in 80ml of distilled water. This solution was then stirred for lhr at room
temperature, filtered, and washed extensively with water to remove excess,
non-ionically attached Mnoi. It is essential to fully remove all excess,
physically adsorbed permanganate by water washing/extraction, before this
resin is used in any SPR studies/applications. Washing was done in a batch
process, until the wash water was totally free of the violet color of MnOi.
At that point, the resin could be loaded into an SPR column.

Apparatus

The HPLC system utilized for most of these studies consisted of a Waters
U6K syringe loading injection valve (Waters Associates, Inc., Milford, Mass.),
a Waters 6000A solvent delivery system/pump, a Waters Model 480 variable wave-
length UV-VIS detector, and a Houston Omniscribe, Model 5510 dual pen recorder
(Houston Instruments, Inc., Austin, Texas). A1l HPLC separations were performed
with uBondapak C18 reversed phase columns, 10um, 30-cm x 3.9-mm i.d. (Waters
Assocs.). The dummy SPR column and the solid phase reactor (SPR) column were
prepared using glass lined stainless steel tubing, 6-cm x 4 ,6-mm i.d., from
Alitech Associates, Inc. (Deerfield, I11.). A1l dummy, solid phase reactor,
and analytical column end fittings were zero dead volume (Cambridge Valve &
Fitting, Inc., Billerica, Mass.){Waters Assocs., Inc.). Wherein both the dummy
and SPR were both on-line simultaneously, individual injections were switched
to either the dummy or SPR via a Rheodyne Model 7000 switching valve (Rheodyne
Corp., Cotati, Calif.). The switching valve was Tocated just after the HPLC
injection valve and before the dummy and SPR columns, all of which was Tocated
just before the analytical column. A schematic diagram of the overall
instrumentation arrangement has been published elsewhere (11, 12).

Methods

In all of these studies with the polymeric permanganate resin, standards
of all organic compounds being analyzed were injected as solutions in either
the mobile phase or neat acetonitrile. Such standard solutions, in known
concentrations, were generally injected in 20ul aliquots, first onto a combina-
tion of the dummy column plus analytical column, and then onto the polymeric
SPR oxidation column and the same analytical column. The dummy column consisted
of the commercial anion exchange resin, usually the AG 1-X8, in its original
chloride (C17) form. The polymeric permanganate resin in the solid phase
reactor and the dummy column were both slurry packed, at pressures of about
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2000 psi. During normal operations, both the dummy and SPR columns were stable
at pressures of at least 1500-2000 psi. It is probable that these polymeric
packings are stable to higher HPLC back pressures, when used in the pre-column
mode, but we have not had to determine maximum pressure stabilities. All
retention times on both dummy and SPR columns, pre-analytical column mode,
were determined by duplicate or triplicate injections of the analyte of
interest along with the expected oxidation product(s), the aldehydes or ketones
or carboxylic acids, wherever standards for these were known and/or available.
In all cases, with various mixtures of mobile phases, the retention times of
the alcohols, aldehydes, and ketones on both the dummy and SPR columns agreed
very well (+5% or less). Retention times of all compounds were based on the
HPLC chromatograms and an external automatic timer started at the point of
injection and measured at the point of maximum peak height(s).

In the case of the commercial hair shampoo used for the determination of
benzyl alcohol via its off-line oxidation, the initial sample of shampoo was
first diluted 100-fold in the HPLC mobile phase of 50/50 (v/v) water/aceto-
nitrile (HOH/ACN). The oxidation in this case was performed off-line, at room
temperature, in 10 mins, by injecting 100ul of the initially diluted hair
shampoo onto a column of the oxidizing resin. After oxidation of the sample,
the entire material and oxidation products were eluted from the SPR with an
excess of the HPLC mobile phase (10mls). This final, diluted solution was
then injected directly onto the HPLC system, with only the analytical column
on-line, since the SPR oxidation had taken place off-1ine here. In the applica-
tion involving the off-line oxidation of riboflavin, a standard of this vitamin
was dissolved in 200ul of 50/50 HOH/ACN, and this solution was then placed
onto the oxidizing SPR, off-1ine, at room temperature, for 10 mins. At the
end of this time period, the oxidized products were eluted with 5mls of 50/50
HOH/ACN. An aliquot (20-25ul) of this eluted solution was then injected
directly onto the analytical HPLC system, in order to determine remaining
riboflavin and its oxidation products.

SPR oxidations of various standard alcohols, aldehydes, or ketones were
performed in a number of possible manners, including: 1) off-1ine, 10 mins or
less, at room temperature or 26°¢C (elevated temperature)}, followed by elution
of the reaction mixture with mobile phase, then HPLC injection; 2) on-line,
pre-analytical column mode, room temperature or above, real-time or extended
time in SPR, followed by HPLC elution of the oxidized products onto RP
analytical column. SPR reactions performed at elevated temperatures were done
using a constant temperature water bath, Precision Scientific/GCA Corp.

(VWR Scientific, Inc., Boston, Mass.). Although SPR oxidations, in principle,
could be performed on-line, real-time, post-column, we have not made use of
such approaches in these studies. Previous publications have described and
discussed how post-column, on-line SPR derivatizations can be performed, and
what sort of qualitative/quantitative results might be expected (2, 11, 12).
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Elemental analyses for manganese (Mn) content, and therefore an indication
of permanganate Toading on the final polymeric SPR, were performed at Galbraith
Laboratories, Inc. (Knoxville, Tenn.)}. Further characterization of the final
SPR was done in-house, using a permanganate titration method developed
independently. This involved weighing a certain amount of the permanganate
resin into a 250ml titration flask with 20m1 distilled, deionized water. To
this was added an excess of a ferrous sulfate (Feso4.7H0H, 0.05M) solution,
the entire mixture was stirred, with a final pale yellow color developing.

The excess ferrous ion (Fe+2) was back titrated with a standard permanganate
solution (KMnO4, 0.05M) until the final solution changed color from pale
yellow to pale violet. In general, results of these titrations indicated an
average percent loading of Mnoi on the polymeric SPR of about 9.8% (n=4),
which translates into about 100-125mg permanganate in one typical loaded

SPR column. A typical permanganate Toaded SPR would require about 1.2g of
polymeric material to completely load the empty, glass-lined, stainless

steel tubing. The elemental analyses for manganese (Mn) performed at Galbraith
Labs involved inductively coupled plasma (ICP) emission spectroscopic

methods for total Mn. These results, on the same batch of SPR resin used for
the above titration determinations, indicated a somewhat higher Toading of
total Mn/MnOZ. This may be due to the titration method measuring only surface
available/loaded permanganate, while the elemental analysis, ICP method,
measures total Mn, surface and internally loaded. Internally loaded MnOi may
not be titratable using the procedure described above.

RESULTS AND DISCUSSION

In general, on-line, real-time, ambient temperature solid phase
oxidations/derivatizations are to be preferred over off-1ine, delayed/
stopped-time, elevated temperature approaches with the same polymeric per-
manganate SPR. That is, on-line approaches permit overall analyses in just
two simple injections, one with the dummy columm plus analytical column in-
Tine, and the second with the polymeric SPR plus analytical column in-Tine.
The two overall chromatograms obtained via these two separate injections of
the same sample solution or solution of standards, then leads to the difference
chromatography useful for indicating the presence or absence of the suspected
analyte capable of undergoing oxidation with this particular SPR under HPLC
conditions. Such on-Tine approaches do not require any sample manipulation
prior to SPR oxidation, other than that normally used/required for HPLC
injections, and there is a minimal chance of sample Toss or contamination.
Thus, on-line approaches have always been the desired goal in this and previous
HPLC-SPR research and development work (2, 11, 12). However, at times, it has
not been possible to utilize on-Tine, real-time approaches with this type of
SPR, and thus it has been necessary to go to off-line, delayed time, above
room temperature oxidation conditions, at times. This is a completely feasible




POLYMERIC PERMANGANATE OXIDATIONS 2115

and practical approach, and still possesses some significant advantages over
conventional, homogeneous derivatizations now performed off-line, as well.
Since polymeric oxidizing reagents can be stored in the SPR column almost
indefinitely, they represent a ready source of an efficient oxidizing system
for many organic -substrates/analytes. This then avoids the necessity of
separately preparing the oxidizingsolution each time that an oxidation is
needed, and in principle, this and other SPRs could be stored in a readily
available and usable bank of derivatizing reagents. Because of the relatively
high loading of permanganate on this particular oxidizing SPR, often in the
range of 100-125mg/SPR, we have found the final oxidizing columns to be
stable and usable/practical for extended periods of time, often months. Clearly,
they cannot be used on-line or off-Tine with an HPLC mobile phase or solvent
that could itself undergo oxidation, since that would rapidly and inefficiently
consume the permanganate Toading on the SPR. At the same time, impurities
in the HPLC mobile phase, if these are oxidizable, could also quickly consume
and expire the SPR. Also, since these polymeric oxidizing resins are derived
from an anion exchange support material, the permanganate reagent is only
ionically bound to the polymeric support. Thus, wherein inorganic or organic
anjonic salts are included in the HPLC mobile phase, it is to be expected that
these may/will displace the permanganate loading, and that eventually the final
SPR will be ineffective as an oxidizing reagent. This is often evident by an
inability to stabilize the UV detector, since MnOi has some absorbance at
many/most UV-VIS wavelengths of interest in HPLC. Also, the final mobile
phase eluent exiting from the SPR and/or detector has a slight violet tinge
to it if the permanganate is being released/exchanged from the SPR. Not only
can inorganic/organic anions in the mobile phase cause this displacement of
the reagent from the SPR, but also certain jonic analytes can have the same
effect. Thus, in general, we have not realized much success in the attempted
oxidations of ionic or zwitterionic analytes, such as catecholamines, catechols,
or phenols. It is not that such compounds cannot be oxidized by permanganate
in solution, just that they also will displace the reagent from the SPR into
the mobile phase, and then the UV detector becomes unusable and unmanageable
for normal HPLC operations and detection of the expected products or analytes.
HPLC-SPR oxidations or any such derivatizations are most useful wherein
there is a change in the peak area/peak height of the starting analyte, and a
concomitant appearance of one or more expected/known products of such an
oxidation reaction. At the same time, the percent disappearance of the starting
analyte should closely match the percent appearance of the expected product,
in a quantitative sense, in order to truly optimize the selectivity and
overall specificity of the analyte identification. However, often qualitative
disappearance/appearance results suffice to confirm a suspected analyte, in
addition to the conventional use of retention times vs a known external standard.
In all of this work, we have used changes in both peak areas and/or peak
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heights in order to determine percent oxidations of starting material/analyte.
It is not always necessary to have 100% oxidations of all analytes, often 50%
derivatizations will suffice for confirmation purposes, but such Tess than
100% results must be highly reproducible in order to be useful and reliable.
In using this approach to derivatization on a particular analyte that is not
fully oxidized in the sample, it can be most helpful for confirmatory purposes
to demonstrate that the analyte in the sample and the external standard of
that same analyte are oxidized to the same approximate degree in separate
HPLC-SPR experiments. It is also possible that a particular alcohol analyte
will undergo an initial oxidation to the aldehyde or ketone, and that in
either on-line or off-line approaches, this product will/could then undergo
a second stage oxidation to a carboxylic acid. Indeed, we have already seen
this type of dual stage oxidation occurring with standards and actual
sample matrices. Such multiple oxidations can provide additional confirmation
of the nature/structure of the original analyte under investigation via HPLC-SPR.
In all of the work that follows, it must be emphasized that the nature
of the HPLC mobile phase used must meet at least two criteria, at least for on-
line derivatizations. First, it must be compatible with the required oxidation
reaction and polymeric reagents, and it must not react or dissolve the reagent
present. Second, the mobile phase must be suitable for the desired separations
of the starting analyte from its expected/known oxidation products and/or other
materials present in the sample matrix/solution. If these two criteria can be
met with a single mobile phase composition, then it is quite 1ikely, all other
things being equal, that the desired oxidation can be performed on-1ine, in
either real- or extended-time, at room or above temperatures. In certain cases,
it may be worthwhile to determine which mobile phase composition may/will provide
compatibility with the above suggested requirements for on-1ine HPLC-SPR work.
To demonstrate the overall approaches utilized here for oxidations in
HPLC~SPR, Figure 1 contains two separate chromatograms with analytical column
plus reagent SPR on-line. In Figure 1A, a standard solution of only p-nitro-
benzyl alcohol has been injected, in real-time, with the SPR maintained at
46°C, on-Tine. The retention time of the starting alcohol and its known
oxidation product, viz., p-nitrobenzaldehyde, were confirmed using a dummy
column plus analytical column set-up with separate injections of each standard
compound. In Figure 1B, the same HPLC-SPR conditions prevail as in Figure 1A,
but now only a standard solution of the oxidation product, p-nitrobenzaldehyde
has been injected. Under these conditions, 1B, some of the aldehyde injected
has been oxidized further, and this has been demonstrated in a separate set of
experiments. However, for purely qualitative purposes, Figure 1B indicates the
retention time of the initial oxidation product of the starting alcohol under
actual HPLC-SPR conditions. Other HPLC-SPR conditions used here are indicated
in Figure 1. Percent oxidations of both alcohol and aldehyde are presented
below, Table 1.
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Figure 1. HPLC-SPR chromatograms for the oxidation of p-nitrobenzyl alcohol to
p-nitrobenzaldehyde using uBondapak C 8 analytical column with 50/50
HOH/ACN mobile phase at 0.8 ml/min f1&w rate: (A) only alcoho] was
injected with SPR on-1ine before analytical column, SPR at 46°C; (B)
only aldehyde was injected, with HPLC-SPR conditions as in (A)

Whereas p-nitrobenzyl alcohol is only partly/partially oxidized in HPLC-
SPR on-Tline approaches, Figure 1 and Table 1, a similar aromatic alcohol,
o-aminobenzyl alcohol, is almost fully oxidized even at room temperature to
the expected o-aminobenzaldehyde, Figure 2. Thus, Figure 2 illustrates the
exact same HPLC-SPR oxidation of the same starting alcohol, on-line, using
the same permanganate SPR, same mobile phase in the HPLC separations, but now
varying the temperature of the SPR, pre-column, from room temperature (A) to
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TABLE 1.

SUMMARY OF VARIOUS ALCOHOLS/ALDEHYDES STUDIED IN HPLC-SPR WITH
POLYMERIC PERMANGANATE PRE-COLUMM ON-LINE IN REAL TIME?

COMPOUND NAME PERCENT OXIDATION®
0-AMINOBENZYL ALCOHOL 100%
SALICYLALDEHYDE 100%¢
p-METHOXYPHENOL 100%¢
p-METHOXYNAPHTHOL 100%
HYDROQUINONE 42%

BENZYL ALCOHOL 11%
BENZALDEHYDE 15%
p-NITROBENZYL ALCOHOL 52%
p-NITROBENZALDEHYDE 53%

a. Oxidations were performed on-line, in pre-column mode, in real-
time, using HPLC-UV with a Waters uBondapak C-18 column with mobile
phase of HOH/ACN (50/50) at 0.8 ml/min f18w rate, UV at 254nm.
Polymeric permanganate SPR operated at 46°C.

b. Percent oxidations determined by changes in peak area or peak heights
for dummy vs oxidizing difference chromatograms.

c. In these two analyses, the peak of starting material disappeared, but
no new peak appeared for the oxidation product{s). Such products may
have remained on ion-exchange support of SPR or not eluted under HPLC
mobile phase conditions used here.

46%C (B). In Figure 2A, some of the starting o-aminobenzyl alcohol is still
visible at the correct retention time of about 6 mins, but in Figure 2B, with
the SPR kept at a higher temperature, there is no remaining alcohol visible,
concomitant with an increased peak height for the product aldehyde. The same
amounts of alcohol were injected in both (A) and (B), Figure 2, and thus it can
be safely assumed that at the higher SPR working temperature used in (B),
complete oxidation of the alcohol has now been realized, with an additional
observed formation of the known oxidation product, the aldehyde indicated.
Clearly, HPLC-SPR oxidations are or can be greatly affected as a function of
the temperature of the SPR on-line, in real-time.

We have attempted to demonstrate the Tinearity of these oxidations over
a wide range of concentrations of at least two alcohols injected under HPLC-SPR
conditions, as above. Figure 3 illustrates a log-log plot of the amount {(ng)
of o-aminobenzaldehyde derived/formed from the on-line, real-time, 46°c SPR
oxjdation of the o-aminobenzyl alcohol already described above. We have here
plotted the amount of oxidation product expected vs peak height, rather than
amount of alcohol injected, since in this example, even at room temperature,
all of the starting alcohol is completely oxidized at all levels injected.
Thus, it was only possible to utilize amount of product expected vs peak
heights, in order to demonstrate the linearity of the oxidation reaction over
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Figure 2. HPLC-SPR chromatograms for the oxidation of o-aminobenzyl alcohol to
o-aminobenzaldehyde using analytical column of uBondapak C
50/50 HOH/ACN mobile phase at 0.8 ml/min flow rate with SP
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Figure 3. Plot of amount (ng) of expected oxidation product formed as a
function of varying amounts of starting alcohol injected onto HPLC-
SPR, on-line, real-time, at 46°C, starting alcohol was 100% oxidized
at all levels injected onto HPLC-SPR to the expected o-aminobenzaldehyde.

at least 4-5 orders of magnitude of amount (ng) injected via HPLC-SPR. This
might have been expected based on the known/demonstrated absolute amount (mass)
of permanganate loaded onto a typical SPR oxidizing column (100-125mg/column).
The correlation coefficient for linearity of the plot in Figure 3 is 0.995.

A similar study is described/summarized in Figure 4, which is another log-log
plot of peak heights observed at various levels/amounts (ng) of the oxidation
product expected from the HPLC-SPR derivatization of p-nitrobenzyl alcohol.

In this instance, the starting alcchol is not fully oxidized at room tempera-
ture, Table 1, and thus we have also been able to use peak heights for the
alcohol injected at various Tevels together with peak heights for the oxida-
tion product expected/observed. Again, using either peak heights for the
alcohol or aldehyde at various amounts/levels injected, the calibration plot

is linear over about 2-3 orders of magnitude. The correlation coefficient of
Tinearity for this plot of Figure 4 is in excess of 0.900. However, in this
example, there is observed some degree of non-linearity at the higher ranges/
levels of alcohol injected. This is probably due to the fact that this alcohol
is incompletely oxidized at lower levels, and thus requires a longer residence
time or higher SPR reaction temperature to provide linearity at the higher
levels injected. As in all types of derivatizations, it is desirable to utilize
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Figure 4. Plot of amount (ng) of expected oxidation product formed, p-nitro-
benzaldehyde, as a function of varying amounts of starting alcohol
injected onto HPLC-SPR, on-1ine, real-time, room temperature.
Starting alcohol was not 100% oxidized at all Tevels initially
injected in these studies.

ratios of reagent/substrate that will provide for maximum possible conversion/
derivatization at all times/levels. Hence, in this particular case, it might
be advantageous to inject amounts of the starting alcohol that would fall on
the 1inear portion of the plot in Figure 4.

We have now studied a fairly large number of alcohols and aldehydes in
oxidative HPLC-SPR approaches, and these are summarized in Table 1, along
with the percent oxidations determined for each starting compound. The percent
oxidations were calculated/determined by measuring changes in either peak
areas or peak heights, or both, for the same starting material injected onto the
dummy column plus analytical column and the SPR plus the same analytical column.
In most of these studies, disappearance of the starting material peak was
concomitant with appearance of the expected/known oxidation product. However,
in two cases, salicylaldehyde and p-methoxyphenol, there was no evidence of
any oxidation product formed. This may have been due to retention of the
oxidation product on the anion exchange support of the SPR, because on the
dummy column, each of these two starting materials were unretained and eluted

38
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TABLE 2.

COMPARISON OF ON-LINE AND OFF-LINE HPLC-SPR OXIDATIONS OF VARIOUS COMPOUNDS
USING NORMAL PHASE SOLVENT CONDITIONS IN HPLC FOR OXIDATION/SEPARATION

COMPOUND STUDIED PERCENT OXIDATION
ON-LINE? OFF-LINEP
BENZYL ALCOHOL 4.3% 66%
BENZALDEHYDE 3.4% 46%
CINNAMYL ALCOHOL 3.1% 71%
CINNAMAL DEHYDE 6.7% 83%

a. HPLC conditions used a uPorasil column (10um) with 5% THF/HEXANE as mobile
phase at flow rate of 1.1 mi/min at room temperature, with polymeric
permanganate SPR in pre-column mode of operation. Injections made on-line,
in real-time, at room temperature, with percent oxidations indicated.

b. Oxidations performed off-1ine, preparing THF solution of compound studied,
placed onto oxidizing column for 10 mins at room temperature, analyte
eluted from SPR off-1ine, injected directly onto HPLC-UV, as above.

in reproducible retention times. Hence, we suspect that it is the products of
the SPR oxidation that are being held-up on the polymeric anion exchange
support in the SPR only. In Table 1, these analyses were all done with the
SPR on-1ine, real-time, with the SPR maintained at 46°C, with other conditions
as indicated. Percent oxidations have varied from a low of 11% for benzyl
alcohol to a high of 100% for several of these starting materials/analytes.
Whereas the above studies, Table 1, involved the use of reversed phase
solvents, viz., HOH/ACN, it was also important to determine if normal phase
organic solvents could be used with this particular oxidizing SPR in HPLC.
These results, Table 2, suggest that, at least in the on-line mode, at room
temperature, the percent oxidations observed with 5% tetrahydrofuran (THF)/
hexane as the mobile phase, were less than adequate or satisfactory for most
applications. However, these same oxidations could be adequately performed in
the off-1ine manner, Table 2, using THF alone as the reaction solvent, and then
analyzing for the product and starting material by injecting onto an analytical
HPLC system, using again 5% THF/HEX as the mobile phase. In the off-Tine mode
of SPR derivatization, the exact same polymeric permanganate material was used
for the oxidation reactions, but the oxidation was allowed to proceed for 10
mins at room temperature. The extended period of time that the analyte/
alcohol(aldehyde) was allowed to remain in contact with the polymeric SPR
was presumably responsible for the increased percent oxidations observed,
Table 2. It would therefore appear feasible/possible to utilize this particular
SPR in an off-line mode/approach, even with normal phase solvents such as THF
for the derivatization step, followed by normal phase HPLC separations/methods.
In all of the above examples of HPLC-SPR with suitable substrates, we
have not yet described the possibility of oxidizing secondary alcohols. Table
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TABLE 3.
SOLID PHASE OXIDATIONS OF SECONDARY ALCOHOLS WITH HPLC-SPR OFF-LINE OR ON-LINE
COMPOUNDS STUDIED PERCENT OXIDATION
OFF-LINE? oN-LINEP
BENZHYDROL 83.8% 30%
sec-PHENETHYL ALCOHOL 83.0% 16%

a. Oxidations performed off-1ine by preparing acetonitrile solution of analyte
(secondary a]coho&), injecting this onto polymeric oxidizing SPR, holding
for 10 mins at 46°C, eluting and injecting onto HPLC. HPLC conditions used
a uBondapak C18 column with mobile phase of ACN/HOH (65/35) at 0.9 ml/min
flow rate, UV ~detection at 254nm.

b. On-line oxidations performed at 46°C in real-time, using HPLC-UV conditions
as above with ACN/HOH was mobile phase at 0.9 mi/min flow rate.

3 indicates the solid phase oxidations of two such secondary alcohols, again
comparing off-1ine with on-1ine approaches. And again, it is clear that the on-
Tine derivatizations are less effective/complete overall than the off-line
approaches, even when now both approaches use an elevated temperature of 46°¢C.
In each of these two examples of secondary alcohol SPR oxidations, the expected
ketone derivatives were observed at the end of each reaction, off-1ine or on-
Tine, and thus we are fairly certain that these are indeed SPR caused oxidation
type reactions of the substrates indicated. Additional experimental conditions
for these particular studies are indicated in Table 3.

With regard to specific applications of the use of this oxidizing SPR
in HPLC, Figure 5 indicates the analysis of benzyl alcohol present in a
commercial hair shampoo. In Figure 5A, the original, diluted shampoo sample
has been analyzed via reversed phase HPLC, with a peak at the correct retention
time for standard benzyl alcohol. However, use of just chromatogram 5A to
confirm the presence or amount of benzyl alcohol in this particular sample
would be difficult, since there are so many other UV absorbing compounds/
peaks present close to the peak of interest. Improved HPLC resolution
conditions could be developed in order to further resolve the suspected
benzyl alcohol peak from other materials in this sample. However, Figure 5B
indicates the considerably simpler overall chromatogram for the same sample
injected now onto the permanganate SPR, off-1ine, with oxidation at room
temperature for 10 mins. There is now no Tonger a peak at the correct retention
time for benzyl alcohol, but there are peaks now present for the expected
oxidation products, viz., benzaldehyde and benzoic acid. The benzaldehyde 1is
the expected initial oxidation product of the alcohol, while the benzoic acid
is the expected/known oxidation product of this aldehyde. The retention times
for these two oxidation products were confirmed by injecting separate standards
of each compound onto the HPLC system alone.
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Figure 5. HPLC-UV chromatograms using Waters uBondapak C,q analytical column
with mobile phase of HOH/ACN (50/50) at a flow rate of 1.0 ml/min,
U at 254nm, for off-line polymeric permanganate oxidation of benzyl
alcohol in a commercial hair shampoo: (A) direct analysis of the
diTuted shampoo sample before oxidation; (B) after off-line oxidation
at room temperature for 10 mins, showing disappearance of the alcohol.
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Figure 6. HPLC-UV chromatograms using Waters uBondapak C,, analytical column
with mobile phase of HOH/ACN (85/15) at flow rafe of 1.0 ml/min,
UV detection at 254nm, for off-lTine polymeric permanganate oxidation
of riboflavin: (A) standard of riboflavin before SPR oxidation off-
Tine; (B) HPLC analysis of oxidation products of riboflavin oxidized
off-line at room temperature for 10 mins in ACN/HOH (50/50) .
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A second application of HPLC-SPR techniques is indicated in Figure 6,
which is the off-line SPR oxidation of a standard of riboflavin, vitamin B,.
This particular substrate was chromatographed before oxidation, Figure 6A,
and then following off-Tine oxidation, Figure 6B, with the specific conditions
as indicated. In this case, since riboflavin has a sugar side-chain on the
parent molecule, there are several sites for oxidation, and thus several
possible oxidation products. Indeed, the chromatogram of Figure 6B indicates
the formation of a number of oxidation products, with essentially no starting
riboflavin present. Thus, the formation of muTtiple oxidation products, Figures
5 and 6, provides additional confirmation for the presence of the original
analyte, as lTong as a standard of this compound is available to demonstrate in
a separate set of experiments the nature/complexity of the reaction products
formed via HPLC-SPR. We have not, as yet, attempted to analyze for riboflavin
in an actual vitamin supplement sample or a biological/food sample, but such
applications are being planned and should be practical/successful in the future.

CONCLUSIONS

We have now demonstrated the preparation of a polymeric permanganate
oxidizing reagent that is useful in various HPLC-SPR derivatizations for
alcohols and aldehydes. Although we have not fully delineated what other
classes of organic compounds might be suitable for these off-line or on-line
reactions, it should be possible to at least oxidize various ketones, based
on certain preliminary results. These approaches are compatible with both
reversed and normal phase solvents, in either on-line or off-1ine modes, at
room temperature or above. Percent oxidations of various substrates are
influenced by a number of factors, including: solvent, analyte structure,
residence time within the SPR, temperature of SPR, nature of HPLC mobile
phase, and ratio of reagent/substrate injected. It is suggested that these
derivatization approaches should find wide acceptance and application in the
area of HPLC derivatizations, especially when the ease and convenience of
sotid phase reactions/reagents becomes better recognized and appreciated.
Additional applications of this particular HPLC-SPR approach are now under
investigation and development.
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BOOK REVIEW

CHROMATOGRAPHY. FUNDAMENTALS & APPLICATIONS OF CHROMATOGRAPHIC AND
ELECTROPHORETIC METHODS, E. Heftmann, Editor, in two parts,
Elsevier, Amsterdam, 952 pp.

This two-volume set of books represents the fourth edition of a
classic reference in the field of chromatography. Many
discoveries, changes in ancillary equipment, and broader
theoretical understandings have emerged since the appearance of the
first edition in 1961. This present edition is a unified
collection of chapters written by many experts in the field of
chromatography.

Part A contains nine chapters pertaining to the fundamentals and
techniques of chromatography and electrophoresis. The first two
chapters focus on "survey of chromatography and electrophoresis”
and "history of chromatography and electrophoresis." Both chapters
have been written by the editor (E. Heftmann) and are concise and
well-written as were the corresponding chapters in the previous
editions.

Chapter three is the outstanding chapter in this part; theory of
chromatography by Horvath and Melander. This chapter is well
written; typical of what one would expect of the authors. The
reviewer recommends this chapter to all readers, especially those
beginning in this very important area of analytical chemistry.

Chapter four unfortunately falls short of the expectations of this
reviewer. Column chromatography is an ever expanding realm of
chromatography and it is disappointing to find such a meager
representation of this technique. The 1ist of references
(twenty-four) speaks either for the prejudices of the author or his
deliberate omissions as to the vast number of pertinent references
available in this area. The reviewer finds it difficult to reason
why the classic reference, "Introduction to Modern Liquid
Chromatography," by Snyder and Kirkland was missing from the
references. The addition of the word LIQUID to the chapter title
would assist neophytes to the area of chromatography and give these
readers immediate notice that the chapter is concerned with
classical liquid column chromatography and HPLC. This chapter
would be of Tittle help to the reader wishing current theories and
topics in modern liquid chromatography.

Chapter five (planar chromatography) provides an interesting
historical discussion of these techniques and sufficient
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information to permit the beginner to get started in this area.
This .is an area of chromatography which is not utilized as much as
it should; especially with the present work being done in HPLC.

Chapter six (gas chromatography) overlaps with chapter three and
lacks more pertinent information on the present practice of gas
chromatography (GC). More discussion should have been given to
capillary columns because of the lack of understanding of many new
people to the technique of GC on the merits of packed columns
versus capillary columns. The section on qualitative and
quantitative analysis surely could have been expanded in place of
the theoretical discussion.

Chapter seven (ion exchange) is a very readable chapter which
summarizes the present state of the technique. The chapter is
written with enough theoretical discussion to point out the
uniqueness of this technique compared to other chromatographic
techniques. The section on ion chromatography is an added plus to
this chapter.

Chapters eight and nine (gel chromatography and electrophoresis)
are heavy in theoretical discussion and too light in practical
applications (i.e., experimental discussions). The practical
aspects would have added more usefulnness to these chapters
especially in the light of Part B of this two-volume set.

Part B deals with various applications of chromatographic
techniques to a variety of sample types. The sample types covered
(in order of chapters) are: amino acids and oligopeptides,
proteins, lipids, terpenocids, steroids, carbohydrates,
pharmaceuticals, antibiotics, nucleic acids, porphyrins, phenolic
compounds, pesticides, inorganic compounds, non-hydrocarbon gases,
and hydrocarbons. Each of these chapters varies from fair to good
in coverage of the particular sample type. They do, however,
suffer from the same problem that most multi-authored books
(including the reviewer's) have, i.e., the references cannot be
more recent than a year of publication. This does not detract from
the usefulness of the book. A prejudice of the reviewer would be
that a chapter discussing environmental samples, in general, would
be an excellent addition to Part B.

lLastly and very important, who should have this set of reference
books in their library? Obviously, university and industrial
research laboratories should have these on the shelf. It would be
very nice if individuals could also have them in their personal
libraries. However, the cost of this two-volume set is
prohibitive; over 200 dollars (US).

Robert L. Grob

Professor of Anal. Chem.
Villanova University
Villanova, PA, 19085, USA.
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ANNOUNCEMENT

Federation of Chromatography Discussion Groups

Several chromatography discussion groups met at the 1983
Pittsburgh Conference in Atlantic City and formed the Federation of
Chromatography Discussion Groups. This organization was formed to
improve communication between the various chromatography discussion
groups that currently exist in the United States and to serve as a
central focus for those discussion groups in dealing and
communicating with similar groups in other countries.

Local chromatography discussion groups will supply information
about their activities to the Federation as a clearing house. The
consolidated information will then be publicized through the leading
chromatography and analytical chemistry journals. The Journal of
Liquid Chromatography will publish this information on a regular
basis.

Local chromatography discussion groups are encouraged to contact
Dr. Joseph L. Glajch, E. I. duPont de Nemours & Co., Experimental
Station, 262/315, Wilmington, DE, 19898, USA, Phone: (302)-772-2555
for further information.
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LC NEWS

DISPOSABLE GLASS CHROMATOGRAPHY COLUMN 1is designed to satisfy a
wide range of analytical separations. It consists of a 150 x 8 mm
1.D. borosilicate glass column, a 30-50 micron porous polyethylene
disc, and a molded polypropylene lower Luer fitting. Kontes,
JLCc/83/11, P. 0. Box 729, Spruce St., Vineland, NJ, 08360, USA.

THE MOLECULAR BIOLOGY CATALOG contains information on
DNA/RNA-modifying enzymes, restriction nuclease enzymes, DNA
sequencing products, nucleic acids, cloning vectors,

oligodeoxynucleotides and other nucleosides and nucleotides of
special interest. Included are technique information, references,
cloning procedures, cloning vector maps, restriction nuclease assay
conditions, and more. Pharmacia P-L Biochemicals, JLC/83/11, 1037
W. McKinley Ave., Milwaukee, WI, 53205, 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/83/11,
York Street, Cambridge CB1 2PX, England.

BIOTECHNOLOGY SERIES highlights a phase in the process of
generating and isolating biomolecules through biotechnology. The
initial brochure 1in the series serves as a guide to the use of
high-resolution separation techniques in the secondary purification
stage of the biotechnology process. LKB Instruments, Inc.,
JLC/83/11, 9319 Gaither Rd., Gaithersburg, MD, 20877, USA.

POST-COLUMN DERIVATIZATION SYSTEM Provides column temperature
control, post-column derivatization reagent flow control .for 1 Or 2
reagents, post column reaction temperature control, and sensitive
fluorescence or absorbance detection. Kratos Analytical
Instruments, JLC/83/11, 170 Williams Dr., Ramsey, NJ, 07446, USA.

HPLC GRADIENT CONTROLLER is a microprocessor-based module designed
to provide maximum flexibility for binary and ternary programs. It
helps minimize errors by constantly showing run status, all system
parameters, and the file name during the run. Tracor, Inc.,
JLC/83/11, 6500 Tracor Lane, Austin, TX, 78721, USa.
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HPLC-GRADE WATER 1s produced on demand by a system tt employs an
organic scavenger resin cartridge combined with absolute 0.45
micron lTow-extractable membrane filtration to give consistenly pure
water from average-quality distilled or deionized feed water. Up
to 15 1liters of organic-free water is produced by a single
cartridge. Millipore Corp., JLC/83/11, Bedford, MA, 01730, USA.

DEDICATED SUGAR ANALYSIS LC is custom-tailored for use by producers
and large-scale users of sugar products. It is optimized for rapid
analysis of corn, beet, and cane sugars and processing liquors.
Waters Associates, Inc., 34 Maple Street, Miiford, MA, 01757, USA.

SULFITE IN FOODS is determined without 1interferences using
electrochemical detection at ppm levels. Samples need only be
homogenized, diluted, and filtered prior to injection. Dionex
Corp., JLC/83/11, 1228 Titan Way, Sunnyvale, CA, 94086, 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
Omenable to. any single mechanism. Bio-Rad Labs, JLC/83/11, 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 microL may be
applied. Applied Analytical Industries, JLC/83/11, Route 6, Box
55, New Hanover Air Park, Wilmington, NC, 28405, USA.

EC/LC FLOW CELL FOR AMPEROMETRIC DETECTION features negligible dead
volume, minimum IR drop, improved detection 1imit, and better peak

shape. IBM Instruments, Inc., JLC/83/11, Orchard Park, Box 332,
Danbury, CT, 06810, 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 Tife, 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/83/11, 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 Tead screws, a mixing
chamber, and a hand-held control unit are the principal working
parts. A computer program directs all operations. Processing
parameters such as time, volume, ratios, and increments are entered
thru the control unit and become a part of an individual routine
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program. Hamilton Company, JLC83/11, P. 0. Box 10030, Reno, NV,
89510, USA.

BINARY GRADIENT HPLC CAPABILITIES include easy setting of flow
rate, 1initial and final solvent composition, and times for
equilibration, gradient, and hold steps directly from the front
panel. The controller also inciudes the necessary connections for
automated operation with many auto samplers and data handling
devices. Perkin-Elmer Corp., JLC83/11, Main Avenue, Mail Station
12, Norwalk, CT, 06856, USA.

PNEUMATIC CLAMPING SYSTEM 1is for use with HPLC columns and
cartridges., No-fault connections ensure consistent results.
Columns are added or removed easily by vrelatively untrained
operators without altering analytical integrity. They are useful to
5000 psi. EM Science, Inc., J1€/83/11, 480 Democrat Rd.,
Gibbstown, NJ, 08027, USA.

PUMP PRIMING VALVE is designed to simplify purging of HPLC pumps
when change of solvent is made. When fitted between pump and
injector, it permits new solvent to be purged through the pump to
waste via a drain tube. Only half a turn is required to open the
valve fully. Negretti & Zambra (Aviation), Ltd., JLC/83/11, The
Airport, Southampton, S09 3FR, Hampshire, England.

HPLC FILTER is made of a new fluoropolymer membrane and is housed
in solvent resistant polypropylene. It is pressure rated at 75 psi
and 1is available in a 0.45 micron pore size. Gelman Sciences,
Inc., JLC/83/11, 600 S. Wagner Rd., Ann Arbor, MI, 48106, USA.

HPLC REAGENTS & COLUMNS are described in a new brochure. Included
are buffers, ion pair reagents, derivatizing reagents, hardware,
and solvents. Fisher Scientific Co., JLC/83/11, 711 Forbes Ave.,
Pittsburgh, PA, 15219, USA.

LAB AUTOMATION SYSTEM FOR SAMPLE PREPARATION combines robotics and
lab stations to automate procedures. The controller interfaces the
operator with the robot. Software is menu-based and uses familiar
Taboratory terms. Zymark  Corp., JLC/83/11, Zymark Center,
Hopkinton, MA, 01748, USA.

APPLICATIONS GUIDE deals with sample preparation, highlighting
background, principles, and technigues of solid phase extraction.
The guide contains over 40 detailed procedures for preparing
environmental, pharmaceutical, biological, food, and cosmetic
sampies, such as priority pollutants, crude oil, trace metals,
aflatoxins, steroids, etc. J. T. Baker Chem. Co., JLC/83/11, 222
Red School Lane, Phillipsburg, NJ, 08865, USA.

HPTLC/TLC BIBLIOGRAPHY SERVICE 4is available free of charge.
Publications may be included by mailing to the publisher. Applied
Analytical Industries, Inc., JLC/83/11, Route 6, Box 55,
Wilmington, NC, 28405, USA.
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DETERGENT REMOVING GEL is an affinity chromatographic support that
selectively removes detergents from protein solutions, with
proteins being recovered in virtually 100% yields. The support can
be regenerated for repeated use. Pierce Chemical Co., JLC/83/11 P.
0. Box 117, Rockford, IL, 61105, USA.
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LC CALENDAR

1983

AUGUST 29 - SEPTEMBER 2: 4th Danube Symposium on Chromatography &
7th I'nt'l. Sympos. on Advances & Applications of Chromatography
in Indudtry, Bratislava, Czech. Contact: Dr. J. Remen, Anal.
Sect., Czech. Scientific & Technical Soc., Slovnaft, 823 00
Bratislava, Czechoslovakia.

SEPTEMBER 22-23: Symposium: "Columns in High Performance Liquid
Chromatography,” Lady Mitchell Hall, University of Cambridge.
Contact: A. G. W. Mulders, Hewlett-Packard, GmbH, Postfach 1280,
D-7517 Waldbronn 2, West Germany.

SEPTEMBER 25-30: Federation of Anal. Chem. & Spectroscopy
Societies (FACSS) Conf., Franklin Plaza Hotel, Philadelphia.
Contact: M. 0'Brien, Merck, Sharp & Dohme Res. Labs., West Point,
PA, 19486, USA.

OCTOBER 2-6: 97th Annual AOAC  Meeting, Shoreham Hotel,
Washington, DC. Contact: K. Fominaya, AOAC, 1111 N. 19th St.,
Suite 210, Arlington, VA, 22209, USA.

OCTOBER 3-5: Chemexpo '83, Harbor Castle Hilton Hotel, Toronto,
Ont., Canada. Contact: ITS Canada, 20 Butterick Rd., Toronto,
Ont., Canada, M8W 3Z8.

OCTOBER 3 - 6: Advances in Chromatography: 20th Int'l Symposium,
Amsterdam, The Netherlands. Contact: A. Zlatkis, Chem. Dept.,
University of Houston, Houston, TX, 77004, USA.

OCTOBER 12-13: 8th Annual Baton Rouge Anal. Instrum. Disc. Grp.
Sympos., Baton Rouge, LA. Contact: G. Lash, P. 0. Box 14233,
Baton Rouge, LA, 70898, USA.

OCTOBER 12-14: Analyticon'83 - Conference for Analytical Science,
sponsored by the Royal Society of Chemistry and the Scientific
Instrument Manufacturers' Ass'n of Great Britain, Barbican Centre,
London. Contact: G. C. Young, SIMA, Leicester House, 8 Leicester
Street, London WC2H 7BN, England.
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NOVEMBER 3-4 ACS 18th Midwest Regional Meeting, Lawrence, Kansas.
Contact: W. Grindstaff, SW Missouri State Univ., Springfield, MO,
65802, USA.

NOVEMBER 9-11: ACS 34th SE Regional Meeting, Charlotte, NC.
Contact: J. M. Fredericksen, Chem. Dept., Davidson College,
Davidson, NC, 28036, USA.

NOVEMBER 10-11: Electrofocusing and Electrophoresis Workshop,
Birmingham, AL, USA. Contact: Workshop Registrar, LKB Instruments,
Inc., 9319 Gaither Rd., Gaithersburg, MD, 20877, USA.

NOVEMBER 14-16: 3rd Int'l. Sympos. on HPLC of Proteins, Peptides
and Polynucleotides, Monte Carlo, Monaco. Contact: S. E.
Schlessinger, 400 East Randolph, Chicago, IL, 60601, USA.

NOVEMBER 16-18: Eastern Analytical Symposium, New York Statler
Hotel, New York City. Contact: S. David Klein, Merck & Co., P. O.
Box 2000, Rahway, NJ, 07065, USA.

NOVEMBER 22-23: Short Course: "Sample Handling 1in Liquid
Chromatography," sponsored by the Int'l., Assoc. of Environmental
and Biological Samples in Chromatography, Palais de Beaulieu,
Lausanne, Switzerland. Contact: Dr. A. Donzel, Workshop Office,
Case Postale 130, CH-1000 Lausanne 20, Switzerland.

NOVEMBER 24-25: Workshop: "Handling of Environmental and
Biological Samples in Chromatography," sponsored by the Int'l.
Assoc. of Environmental Anal. Chem., Palais de Beaulieu, Lausanne,
Switzerland. Contact: Dr. A. Donzel, Workshop Office, Case
Postale 130, CH-1000 Lausanne 20, Switzerland.

NOVEMBER 29-30: Electrofocusing and Electrophoresis Workshop, San
Francisco, CA, USA. Contact: Workshop Registrar, LKB
Instruments, Inc., 9319 Gaither Road, Gaithersburg, MD, 20877,
USA.

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

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.

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

AUGUST 26-31: National ACS Meeting, Philadelphia, PA. Contact:
Meetings, ACS, 1155 16th Street, NW, Washington, DC, 20036, USA.

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.

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.

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.

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.
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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
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 dinvited to send
announcements to Dr. Jack Cazes, Editor, Journal of
Liquid Chromatography, P. 0. Box 1440-SMS, Fairfield,
CT, 06430, USA.

in



INSTRUCTIONS FOR PREPARATION OF MANUSCRIPTS
FOR DIRECT REPRODUCTION

Journal of Liquid Chromatography is a bimonthly
publication in the English languege for the rapid com-
munication of liquid chromatographic research.

Dirscti for Sub

One typewritten manuscript suitable for direct
reproduction, carefully inserted in a folder, and two
{2) copies of the manuscript must be submitted. Since
all contributions are reproduced by direct photography
of the manuscripts, the typing and format instructions
must be strictly adhered to. Noncompliance will result
in return of the=manuscript to the authors and delay
its publication. To avoid creasing, manuscripts should
be placed between heavy cardboards and securely
bound before mailing.

Manuscripts should be mailed to the Editor:

Dr. Jack Cazes

Journal of Ligquid Chromatography
P. O. Box 1440-SM$§

Fairfield, Connecticut 06430

Reprints

Owing to the short production time for articles in
this journal, it is essential to indicate the number of
reprints required upon notification of acceptance of
the manuscript. Reprints are available in quantities
of 100 and multiples thereof. For orders of 100 or
more reprints, twenty (20) free copies are provided.
A reprint order form and price list will be sent to the
author with the notification of acceptance of the
manuscript.

Format of Manuscript

1. The general format of the manuscript should be
as follows: title of article; -names and addresses of
authors; abstract; and text discussion.

2. Title and Authors: The entire title should be in
capital letters and centered on the width of the typing
area at ieast 2 inches (5.1 cm) from the top of the
page. This should be followed by three lines of space
and then by the names and addresses of the authors in
the following way (also centered):

A SEMI-AUTOMATIC TECHNIQUE FOR THE
SEPARATION AND DETERMINATION OF
BARIUM AND STRONTIUM IN SURFACE WATERS
BY ION EXCHANGE CHROMATOGRAPHY AND
ATOMIC EMISSION SPECTROMETRY

F. D. Pierce and H. R. Brown
Utah Biomedical Test Laboratory
6520 Wakra Way
Salt Lake City, Utah 84108

3. Abstract: Three lines below the addresses, the
title ABSTRACT should be typed {capitalized and cen-
tered on the page). This should be followed by a
single-spaced, concise, abstract comprising less than
10% of the length of the text of the article. Allow three
lines of space below the abstract before beginning the
article itself.

4. Text Discussion: Whenever possible, the text dis-
cussion should be divided into such major sections as
INTRODUCTION, MATERIALS, METHODS, RE-
SULTS, DISCUSSION, ACKNOWLEDGMENTS, and
REFERENCES. These major headings should be sepa-
rated from the text by two lines of space above and
one line of space below. Each heading should be in
capital letters, centered, and underiined. Secondary
headings, if any, should be flush with the left margin,
underscored, and have the first letter of ail main words
capitalized. Leave two lines of space above and one
line of space below secondary headings.

5. Paragraphs should be indented five (5) typewriter
spaces.

6. Acknowledgment of collaboration, sources of re-
search funds, and address changes for an author should
be listed in a separate section at the end of the paper.

7. References (including footnotes) in the text will
be numbered consecutively by numbers in parentheses.
All references {and footnotes) should then be aggre-
gated in sequence at the end of the communication.
No footnotes should be shown at the bottom of pages.
The reference list follows immediately after the text.
The word REFERENCES shouid be capitalized and
centered above the reference list. It shouid be noted
that all reference lists should contain initials and names
of all authors; et al. will not be used in reference lists.
Abbreviations of journal titles and styles of reference
lists will follow the American Chemical Society's
Chemical Abstracts List of Periodicals. References
should be typed singie-spaced with one line space be-
tween each reference.

8 Each page of manuscript should be numbered
lightly at the bottom of the sheet with a light blue
pencil.

9. Only standard symbols and nomenclature ap-
proved by the International Union of Pure and Ap-
plied Chemistry should be used.

10. Any material that cannot be typed, such as Greek
letters, script letters, and structural formulae, should
be drawn carefully in black India ink {do not use blue
ink).

Typing Instructions

1. The manuscript must be typewritten on good
quality white bond paper measuring approximately 8%
x 11 inches (21.6 em x 27.9 cm). Do not use Corrasi-
ble bond or its equivalent. The typing area of the
article opening page, including the title, should be 5%
inches wide by 7 inches deep {14 cm x 18 cm). The
typing area of all other pages should be no more than
6% inches wide by 8% inches deep (14cm x 21.6cm).

2. 1n general, the chapter title and the abstract, as
well as the tables and references, are typed single-
spaced. All other text discussion should be typed 1%-
line spaced, if available, or double-spaced. Prestige elite
characters (12 per inch) are recommended, if available.



3. It is essential to use black typewriter ribbon (car-
bon film is preferred} in good condition so that aclean,
clear impression of the letters is obtained. Erasure
marks, smudges, creases, etc., may resuit in return of
the manuscript to the authors for retyping.

4. Tables shouid be typed as part of the text but in
such a way as to separate them from the text by a
three-line space at both top and bottom of each table.
Tables should be inserted in the text as close to the
point of reference as possible, but authors must make
sure that one table does not run over to the next page,
that is, no table may exceed one page. The word TA-
BLE (capitalized and followed by an Arabic number}
should precede the table and be centered on the page.
The table titie should have the first letters of all main
words in capitals. Titles should be typed single-spaced.
Use the full width of the type page for the table title.

5. Drawings, graphs, and other numbered figures
should be professionally drawn in black India ink (do
not use blue ink) on separate sheets of white paper and
placed at the end of text. Figures should not be placed
within the body of the text. They shouid be sized to
fit within the width and/or height of the type page,
including any legend, label, or number associated with
them. Photographs should be glossy prints. A type-
writer or lettering set should be used for all labels on
the figures or photographs;,they may not-be hand
drawn. Captions for the pictures should be typed single-
spaced on a separate sheet, along the full width of the

type page, and preceded by the word FIGURE and a
number in arabic numerals. All figures and lettering
must be of a size 10 remain legible after a 20% reduc-
tion from original size. Figure numbers, name of senior
author, and arrow indicating ““top’’ should be written
in tight blue pencil on the back or typed on a gummed
label, which should be attached to the back of the
illustration. Indicate approximate placement of the il-
lustrations in the text by a marginal note in light biue
pencil.

8. The reference list should be typed single-spaced
although separated from one another by an extra line
of space. Use Chemical Abstract abbreviations for jour-
nal titles. References to journal articles should in-
clude (1) the last name of all author(s) to any one
paper, followed by their initials, {2) article title, (3)
journal, (4) volume number {underlined), {5) first page,
and (6) year, in that order. Books should be cited
similarly and include (1) author, surname, first and
middle initials, (2) title of book, (3) editor of book (if
applicable), {4) edition of book (if any), (5) publisher,
(6) city of publication, {7) year of publication, and (8)
page reference (if applicable). E.g., Journals: Craig,
L. C. and Konigsber, W., Use of Catechol Oxygenase
and Determination of Catechol, Chromatogr., 10, 421,
1963. Books: Albertsson, P. A., Partition of Cell Parti-
cles and Macromolecules, Wiley, New York, 1960.
Article in a Book: Walter, H., Proceedings of the Pro-
tides of Biological Fluids, XVth Colloquim, Pteeters.,
H., eds., Elsevier, Amsterdam, 1968, p. 367.
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