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THE INFLUENCE OF UREA ON THE
RETENTION OF PROTEIN IN HYDROPHOBIC
INTERACTION CHROMATOGRAPHY

WENKE FENG*, XINQI JIANG, AND XINDU GENG
Institute of Modern Separation Science
Northwest University
Xi’an 710069, The People’s Republic of China

ABSTRACT

The retention behaviour of eight proteins in high performance hydrophobic
interaction chromatography (HPHIC) in a mobile phase consisting of ammonium
sulphate-potassium dihydrogen phosphate containing urea was studied. By using
the stoichiometric displacemant model for retention (SDM-R) of solute in liquid
chromatography, and by measuring surface tention of the mobile phase in the
presence of urea, also and UV-spectra of proteins, it was found that in the
presence of urea in the mobile phase of HIC, even though the urea somewhat
strong solvent in terms of result, the change of the conformation of protein
molecular in hydrophobic interaction systems due to the presence of urea is
considered as the major contribution to the retention of proteins.

* Present address: Institute of Analytical Chemistry, University of Vienna,

Waehringer Str. 38, A-1090, Vienna, Austria

217

Copyright © 1995 by Marcel Dekker, Inc.



218 FENG, JIANG, AND GENG

INTRODUCTION

Urea and guanidine hydrochloride are solubilizing and denaturing agents for
proteis, They are often used for the extraction of proteins from bacterium body
0] For instance, 7.0mol/L guanidine hydrochloride or 8.0moV/L urea solution is used
for the extraction of very strongly hydrophobic proteins but which causes
denaturation. Therefore refolding and purification are needed in order to obtain
bioactive and pure proteins. It has been demmostrated that this could be renatured
by High performance hydrophobic interaction chromatography!**). Because of the
small injection volume, the urea or guanidine hydrochloride in the sample has a
negligible influence on the retention of proteins. The addition of urea or
guanidine hydrochloride to the eluent to increace the solubility of the proteins
has a significant influence on the retention characteristic of proteins. In our

(5] we found that urea in a concentration of 3.75mol/L

previous works
influenced the retention behaviour of proteins in HIC significantly. Because the
concentration of urea is constant during the separation process, the molecular
conformation of the protein didn’t change, When the concentration of urea is
not certain, but changeable during separation, for example, in the preparative
chromatography large volume of sample is necessory, how does the denaturing
agent influence the retention behaviour of protein? Many studies on the retention
mechanism of protein in hydrophobic chromatography[“] did not include
molecular conformation changes during separation into their theory. In a
previous paper(®! we have investigated the influence of guanidine hydrochloride on
retention. In this continuation paper reports the results of the influence of the

concentration of urea in the mobile phase on the retention of proteins under the

aspect of the change of the molecular conformation.
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EXPERIMENTAL

Instrumentation

The chromatographic system consisted of three isocratic solvent pumps
(Model LC-6A, Shimadzu, kyoto, Japan) with a system controller (Model SCL-
6B,Shimadzu). Detection was performed by a UV-VIS detector (Model SPD-
6AV, Shimadzu, Kyoto, Japan). Silica (7um, SOO;\) was modified to having ether
end-group and packed into a 40mm x 2mm stainless-steel column by means of a
column packing apparatus (Model 1224, Chemico, Osaka, Japan). The UV-spectra

of protein solution were recorded by a Spectrophotometer (Perkin-Elmen,

Norwalk, Connecticut, USA).

Chemicals

Cytochrome C (Cyt-C), myoglobin (MYOQO), nbonuclease (RNase), bovine
serum albumin (BSA), concanavalin A(Con A),Ferritin (FER), a-chymotrypsinogen
A (a-CTY-A) were obtained from Sigma (St. Louis, MO, USA), Lysozyme (LYS)
from Dongfeng Biochemical Factory (Shanghai, China). Other chemicals were

purchaesd from Xi‘an Chemical Co. (Xi'an, China) and were analytical grade.

Eluent Composition

The mobile phases were prepared with three pumps using following solutions:
solution A, 3mol/L ammonium sulphate-20mmol/L. potassium dihydrogen phos-
phate, pH 7.0; solution B, 8mol/L urea-20mmol/L potassium dihydrogen
phosphate, pH 7.0; solution C, 20mmol/L potassium dihydrogen phosphate, pH

7.0.



220 FENG, JIANG, AND GENG

Operation

By mixing of the three solutions various mobile phases with different
concentration of urea were obtained. The mobile phase was filtrated and sonicated
(5min.) before using. The column was equilibrited with at least 5 ml new mobile
phase before injecting a sample solution. The flow-rate was set up at 0.2ml/min
and eluent was monitored at 280nm.

The dead volume of chromatographic system was deteremined with solution
C. The concentration of water in mobile phase was measured according to the

following equationm

[HZO] - dA(DA +d3éa.g;“8dc¢'c —Ws (mol / L)

where d, . d, and d are the densities of solution of A, B, and C, respectively,
@ ,.9p and @ are the volume fractions (V/V) of solutions A, B and C in the
mobile phase, respectively, Wy is the amount of salt in the mobile phase. The

surface tention of mobile phase was determined according to literature!®).

RESULTS AND DISCUSSION

Generally, in order to purify a certain protein which has a strong
hydrophobicity from inclussion body or other origins, firstly make it denatured with
8.0mol/L urea, or 7.0mol/L guanidine hydrochloride, then make it refolded and
purified. HIC has been considered to be not only a separation method but also a
tool for protein refolding!?. In the condition of the gradient elution model in HIC,
the weak eluent is an aqueous solution of 2.5-3.0mol/l. sodium sulphate or
ammonium sulphate and so on. The addition of 8.0mol/L urea would cause the

precipation of proteins and/or salts. According to the different proteins we used



RETENTION OF PROTEIN 221

urea of a high concentration as possible, but without causing any precipatation in
chromatographic systems.

The retention values of BSA for various concentration of urea in HIC are
presented in Fig.1. It shows that the retention of BSA drop with increacing
concentrations of urea. The same results were obtained at other proteins (Table 1).
The results suggest that the elution strength of urea in HIC is comparable the

water.

Influence of the Surface Tention on the Retention of Proteins

It would be helpful that we measure the relationship between k' value and
surface tention of the mobile phase of ammonium sulphate-potassium dihydrogen
phosphate containing urea of different concentrations. As shown in Fig.2, it was
found that the surface tention increased with the concentration of urea.This is
similar to the system of guanidine hydrochloridelg] .At low concentrations of urea.
the surface tention of eluent increased more quickly than at high concentrations,
Horvath found that!'”! the retention of proteins increases proportionally to the
surface tention of mobile phase. Our results are in contradiction to the one of
Horvath. He and co-workes , which used only non-denaturating salts in their
eluent, found that the retention of proteins increases proportionally to the surface
tention of the mobile phase. The addition of the denaturating urea to the eluent
changes the retention behaviour of proteins. A nonlinear drop of the retention with
increacing concentrations of urea was observed.

The results above show that the urea existed in the mobile phase of HIC don’t

cause only the change of surface tention of the system similar to water.

Relationship between [H, Q] in Mobile Phase and k’

[6.11]

One of the authors pointed out that the most rational retention mechanism

of proteins in hydrophobic interaction chromatography and in reversed-phase
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Fig. 1. Dependence of the retention of BSA on the concentration of urea.
Condition: see experimental except eluent: 0.60mol/L (NH, ), SO, -
20mmol/L KH, PO, -Urea.

TABLE 1 Capacity Factores of Eight Proteins in Different C

Cyt MYO RNase LYs BSA Con.A FER a-CTY-A

urea
0.00 10.67 14.00 11.33 2893 833 11.67
0.10 2233
0.12 10.33 13.33 11.33 6.87 8.00
0.50 14.67
0.52 8.33 9.33 11.33 5.33 5.33 35.67
1.0 6.00 6.80 9.67 833 4.00 333 6.00 17.33
15 4.67
1.6 4.00 4.00 5.67 2.67 2.00 233 9.27
20 334 3.67 4.00 2.84 2.00 1.67 133 6.67
3.0 2.00 2.67 2.00 1.17 0.93 0.80 0.80 3.33
4.0 1.80 1.20 0.87 0.73 0.80 0.73 0.73 133
5.0 1.00 0.87 0.80 0.80
6.0 0.93 0.80

Composition of the mobile phase: 20mol/L KH, PO, -(NH, ), SO, 4-Urea.
The used C ) 50, for Cyt-C, Myo, RNase, Lys, BSA, Con A, Fer, a-
CTY-A were separately 1.80, 0.75, 1.56, 1.05, 0.60, 1.12, 0.45, 0.75 mol/L
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Fig. 2 The effect of urea on the surface tention.
Condition: aqueous solution of 1.40mol/L (NH, ), SO, -20mmol/L

KH, PO, -Urea. Others see experimental,

chromatography might be a stoichiometric displacement process between protein

and solvent molecules, with water as displacing agent. Hence the plot of the

logarithm of capacity factor of proteins versus the logarithm of concentration of
water in the mobile phase should be linear. This was conformed for high

concentration of water in the eluent. At low concentration a nonlinear relationship
was found (Fig.3). This can be explainted by the fact that the concentration of urea

is low when the concentration of water is high in the mobile phasem. The
parameters of the plots of logk’-log[H, O] for the eight proteins are shown in
Table 2.

It is important that retention increaces with the increasing concentration of
water in the eluent. This result is contradictory to the system of ammonium
sulphate-water. In other words, when the eluent contains urea, water couldn’t be
seen as the displacing agent in the system of HIC. But from the fact that the

k" value of the proteins decrease with increacing concentrations of urea in high
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Fig. 3 Plot of logk’ of Cyt-C against log [H, O] in the mobile phase

condition: see experimental except eluent: 0.40mol/L (NH, ), SO, -
20mmol/L KH, PO, -Urea.

TABLE 2 The Parameters of the Plot of logk'-log[H, O]*

Protens Cyt<c MYO RNase LYS BSA Con. A FER a-CTY-A
C 0.9659 0.9685 0.9839 0.9847 0.9811 0.9644 0.9084 0.9803

V4 6.35 7.44 106 16.7 10.1 10.7 1.3 14.4

Logl -9.71 -11.7 -16.8 -27.1 -16.3 -17.5 -18.5 -23.1

* The meanings of parameters C, Z, logl see ref.[6]

concentration, urea seems to be the displacing agent in HIC. However, when we

ploted the logk'-logC ., according to the stoichiometric displacement concept, the

urea

curve is not straight too. This means disagreement with the view of considering

urea to be the displacing agent in HIC system.

The Change of Molecular Conformation of Proteins

It is well known that proteins change the three-dimesional structure in

8.0mol/L. urea. But when the concentration of urea is relative low (0-6.0mol/L),
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Fig. 4 UV-spectra of BSA in the solution with different C ;.
1,2,3,4,5, 6,7, 8 denote the different C ,: 0.00, 0.52, 1.0, 2.0, 3.0, 4.0,
6.0, 8.0, respectively.

the question arises , if the molecular conformation of proteins really changes.

UV spectrophotometry is one of the most important tools for investigating the
changes of the molecular conformation and refolding of proteinsm. Aqueous
protein solutions with and without urea were prepared, and the UV-spectra were
recorded. The spectra were corrected by the blank solution without urea and
proteins. They were compared with spectra of the undenatured proteins. Fig. 4
shows the UV-spectra of BSA in a solution consisting 0.62mol/L. ammonium
sulphate and different concentration of urea. It can be seen that the absorbance
density of BSA is getting lower when the concentration of urea increaces. At the
same time a shift of the maximum absorption towards longer wavelength is
obeseved. From the results it can be concluded that besides solvophobic interaction
between urea and protein others take place. Because of the change of molecular

conformation of proteins in aqueous solution of urea, the stoichiometric
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displacement model can not be used for the explanation of the retention behaviour

of proteins in HIC.
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SIMULTANEOUS DETERMINATION OF
BUZEPIDE, PHENYLPROPANOLAMINE, AND
CLOCINIZINE IN PHARMACEUTICAL
PREPARATIONS BY ION-PAIR
REVERSED-PHASE HPLC

G. CAVAZZUTTL, L. GAGLIARDL, D. DE ORSI}'*, AND D. TONELLI?

L aboratorio di Chimica del Farmaco
Istituto Superiore di Sanitd
Viale Regina Elena
299 - 00161 Rome, Italy
Dipartimento di Chimica Industriale e dei Materiali

Universitd di Bologna

Viale del Risorgimento 4
40136 Bologna, Italy

ABSTRACT

A rapid, accurate and precise method for the determination of buzepide,
phenylpropanolamine, and clocinizine in a cough-mixture is described. The method
is based on reversed-phase ion-pair HPLC. The only sample preparation necessary
for the analysis is its dilution with the mobile phase. The resulting solution is
analyzed on a column packed with Lichrosorb RP-18 (10um) with acetonitrile in
aqueous 5 10-2M sodium perchlorate, pH 3.0 (15:85) as initial mobile phase (2
mL-min-1) and detection at 220 and 254 nm. Then a linear gradient up to 95%
acetonitrile in 20 min, is applied. The detection limits are 500 ng injected for
phenylpropanolamine, 40 and 5 ng for buzepide and clocinizine, respectively.

*
Author to whom correspondence should be addressed
227
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INTRODUCTION

Reversed-phase ion-pair liquid chromatography (RP-IPC) is a well established
method for the separation of ionic or ionizable organic compounds. With proper us
of the technique, complex separations can be readily achieved, since both ionized
and un-ionized components are analyzed under the same chromatographic
conditions. Recently, most publications have discussed the application of RP-IPC
for the simultaneous determination of the active components in pharmaceutical
formulations. The analysis time is short, and usually only a simple dilution of the
sample is required prior to injection.

Buzepide (2,2-diphenyl-4-examethyleneiminobutyramidemethiodide), phenyl-
propanoclamine  hydrochloride, and clocinizine  hydrochloride (1-(4-
chlorobenzhydril)-4-cinnamylpiperazine-dihydrochloride) are active components
employed in cold preparations. One commercial product (Denoral, Rhone-Poulenc,
Milano, Italia) extensively used in Italy to relieve congestion of the nasal mucosa
and sinuses in the treatment of colds, sinusitis, rhinitis, and hay fever, is a
combination of the three drugs, which are present in other formulations sold on the
European and U.S.A. markets. The dosage form (tablets) also contains excipients,
some of which may interfere with the analysis of the active ingredients.

Phenylpropanolamine hydrochoride (I) is very often present as decongestant, in
cough-cold formulations and many HPLC methods have been developed for its
determination in pharmaceutical dosage forms and biological fluids (1-6 ). On the
contrary, no information is appeared in literature on the analysis of buzepide (II) or
clocinizine (III) alone or in combinations with (I) by HPLC.

This paper reports the simultaneous determination of (I), (II), and (IlI) by RP-
IPC. Validation data are presented for the analysis of the drugs in commercial

samples of cold formulations.
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EXPERIMENTAL

Apparatus

The modular HPLC apparatus consisted of a single piston ternary gradient
pump (Varian, Model 2510) equipped with a 10 pL sample loop, a Varian
Polychrom 9065 photodiode-array detector, and a personal computer IBM PS/2.
The analytical column was of stainless-steel (250 mm x 4.0 mm I.D.) packed with
10 pm Lichrosorb RP-18 (Merck,Darmstadt, Germany). The temperature of the

column was maintained at 25 °C.

Standards and reagents

All reagents used were of analytical-reagent grade. The drug standards were
supplied by Rhone-Poulenc (France) and were used as obtained. Acetonitrile was
of HPLC grade. Water was deionized and doubly distilled from glass apparatus. All
solvents and solutions for HPLC analysis were filtered through a Millipore filter

(pore size 0.45 pm) and vacuum degassed by sonication before use.

HPLC conditions
The mobile phase was prepared by mixing acetonitrile with 5-10"2M solution of
sodium perchlorate in water, pH 3.0, adjusted with 70% perchloric acid. Flow-rate

1

was 2.0mL-min"" and detection was performed at 220 and 254 nm. A gradient

elution was applied, consisting of a linear increase of acetonitrile from 15 to 95%
(V/V)in 20 min.
At the end of the elution, the initial mobile phase was passed through the

column for 10 min to allow a good re-equilibration of the chromatographic system.

Calibration standard solutions

Stock solutions of compounds I-III were prepared by dissolving weighed
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amounts in the mobile phase containing 50% acetonitrile to make 100 mL. A set of
standard solutions was prepared by diluting aliquots of the stock solutions to give
concentrations ranging from 50 to 1000 pg-mL'l for (1), from 1 to 15 ug~mL'1 for

(1) and from 1 to 100 ;,Lg-mL'l

a for (IIT). The calibration graphs were constructed
by plotting the peak areas obtained at the wavelength of 254 nm for (I) and (IIT),

and at 220 nm for (II), versus the amounts (pug) injected.

Sample preparation

25 tablets were weighed and ground to a fine powder. Enough powder to
represent ten tablets was accurately weighed and mixed with 15 mL of the
mobile phase containing 50% acetonitrile. The mixture was immersed in a
ultrasonic bath for 5 min, brought to volume (20 mL) and filtered.

10 pL-aliquots were injected into the liquid chromatograph, setting the detector
at 220 nm, for the analysis of buzepide. The solution was subsequently diluted ten
times and injected with the detector settled at 254 nm, for the analysis of

clocinizine and phenylpropanolamine.

RESULTS AND DISCUSSION

Figures 1A and 1B show the chromatograms of a standard solution of
phenylpropanolamine, buzepide and clocinizine, recorded at 220 and 254 nm,
respectively. The detection wavelength selected depended on the molar
absorptivity of the compound concerned. In particular, 254 was chosen for I and
III, whereas 220 was chosen for buzepide since this compound possesses
insignificant UV absorption at wavelengths higher than 230 nm. When injecting
standard solutions of buzepide a trace impurity was found to elute immediately

after peak III. It could be observed only at 220 nm, and therefore the presence of
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Figure 1 Typical chromatograms obtai[ned at 220 nm (A) and 254 nm (B) for a
standard solution Cfmtaining 1 mg mL™ of phenylpropanolamine (I) and buzepide
(II), and 8 mg mL™" of clocinizine (III).

this impurity did not interfere in the measurement of the peak area corresponding
to clocinizine.

The photodiode-array detector allowed the estimation of the purity parameter
format values (7) which are very useful in the analysis of a pharmaceutical
preparation both in confirming peak purity and peak identification. The values were
calculated over the range 220-367 nm and resulted 233.185 + 0.011 for I, 223.075
+0.009 for IT, and 241.171 + 0.010 for ITL.

The capacity factors (reported in Table 1) were reproducible under the
experimental conditions used, the coefficient of variation (C.V.) ranging from 1.2
to 1.9 for within-day and from 2.3 to 3.9% for between-day studies. The average
analysis time was about 30 min.

The calibration graphs were constructed from five consecutive injections over
the covered range of concentration, as indicated in the experimental section. The

least square regression fit showed good linearity, passing through the origin. The
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TABLE 1
Analytical Parameters for Compounds I-ITI

Compound Capacity Factor Detection Wavelength Detection limit

(nm) (ng injected)
I 1.6 254 500
1I 83 220 40
I 15.4 254 5
TABLE 2

Calibration Curves for Compounds I-III: linear regression of the amount injected (x)
versus the peak area (y); mean value + standard deviation at 95% confidence interval
(t=3.18; n=5)

Compound Intercept Slope R?

I (-0.30 + 0.02)E3  (0.205 + 0.003)E3  0.9996
I (-031+0.02E3 (2.54 +0.049)E3 0.9996
I (-6.8 + 0.2)E3 (203 +0.2)E3  0.9975

data obtained for the calibration lines are shown in Table 2. The detection limits,
calculated as a signal-to-noise ratio of 2:1, are reported in Table 1.

Within-day precision was analyzed using standard solutions containing varying
concentrations of each compound. The sample was then run on five separate
occasions over the course of the day. The within-day variation of the determination
was minimal, with a CV of 0.9%. Between-day precision involved the analysis of a
particular standard solution each day for five consecutive days. Between-day

precision was also good, with a CV of 1.5%.
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Figure 2 (A) Chromatogram recorded at 220 nm after injecting a sample of
Denoral, (B) Chromatogram recorded at 254 nm, after a tenfold dilution.

TABLE 3
Analysis of a Pharmaceutical Formulation
Active principle Label, Assay results, Ccv
mg/tablet mg/tablet
Phenylpropanolamine 25.0 243 1.1
Buzepide 1.0 0.98 1.2
Clocinizine 5.0 492 0.9

*
mean of five determinations.

The procedure was applied to the analysis of commercial samples of a
pharmaceutical formulation containing all the three active principles, in the dosage
form of tablets. Figure 2A and 2B show the chromatogram obtained from the
analysis of the tablets. No problems were encountered with interfering compounds,

since the impurity deriving from buzepide does not absorb at 254 nm, the

wavelength at which chromatogram 2B was recorded.
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The results obtained are shown in Table 3. The quantities found was in
conformity with the values claimed by the manufacturer. Therefore, we can
conclude that the developed method can be successfully adopted for the

quantitation of I-III in pharmaceutical formulations.
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ABSTRACT

Given the profusion of biotechnological applications of the
nonaqueous use of lipases, we have evaluated the possibilities of
exploiting the inherent advantages of high performance liquid
chromatography (HPLC) for a simple, rapid assay of lipase activity in
reverse micellar media, as a convenient alternative to previously reported
spectroscopic methods, using both a model system and esterification
reaction, and different commercial lipases. The results obtained after a
screening for optimized chromatographic conditions in the reverse-phase
mode indicate that a satisfactory resolution of the reaction components can
be obtained following a straightforward protocol, which permits an
accurate, reliable quantitation of the reaction progress, regardiess of the
enzyme used.

* Author to whom correspondence should be addressed
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INTRODUCTION

Nonagueous enzymology has consolidated during the last decade
as a promising, exciting area of research (1-3) with important
biotechnological implications, particularly those concerning organic
syntheses and bioconversions in food, pharmaceutical, agricultural,
petroleochemical or even military industries. Among the different
experimental approaches proposed to place a functional enzyme in a
water-restricted environment (each having its inherent advantages), one of
the most popular is the solubilization of the protein in the so-called reverse
micelles (4,5), where the enzyme is physically confined in an aqueous
"micropool" separated from the bulk organic phase ("oil") by a monolayer of
surfactant. This distribution contributes to a quite efficient biocatalysis by
enabling a maximization of the water-oil interfacial area and a ready
solubilization of many nonpolar substrates (and products) in the organic
phase.

Although reverse micelles have been also employed as membrane
mimetic systems for the study of membrane-bound or membrane-
associated proteins (6,7) or hydrophobic peptides (8), or as microemulsion
preparations for topic drug delivery (9), the attention in these systems has
been mainly polarized towards applied enzymology facets, and in
particular quite profusely towards the use of lipases in varied
transformations of evident industrial interest, such as ester synthesis,
triglyceride hydrolysis or interesterification, etc.

An overview of the literature during the last years evidences that
whereas the monitoring of lipase activity in organic solvents using
insoluble enzyme (powdered, entrapped or adsorbed to a support) has
made use in some instances of liquid chromatographic procedures, in the
case of reverse micellar solutions most of the work has been based on
spectroscopic determinations. Thus, among the methods most often
employed are that of Lowry & Tinsley (10) or modifications of it (11), that of
phenol red cosolubilized in the micelle as an acid-base indicator (12), one
based on Fourier-transfrom Infrared (FTIR) spectroscopy (13, 14) or the use
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of chromogenic lipase substrates, such as p-nitrophenyl palmitate (15) or
more sophisticated ones (16,17). To a lesser extent, gas chromatography
(18), thin-layer chromatography (19) or alkalimetric titrations (20,21) have
been also used occasionally.

Paradoxically, however, in spite of all the inherent advantages of
high-performance liquid chromatography (HPLC), the use of this technique
is scarcely found in the direct monitoring of lipase-mediated conversions
occurring in reverse micellar media, which is somewhat understandable
taking into account the number of components to be separated a priori.
organic solvent, surfactant (plus sometimes cosurfactant), enzyme, water,
substrate(s) and product(s).

In this preliminary work, we have made an initial evaluation of the
possibilities of HPLC in its reverse-phase (RP) mode, as a versatile tool for
the simple, rapid assay of lipase activity in reverse micelles, by selecting a
reverse micellar model system [Aerosol OT (AOT) in isooctane], model
lipases (fromCandida rugosa, Rhizopus delemar and Pseudomonas sp.)
and a model reaction (the esterification between n-decanoic acid and 1-
butanol) (Fig. 1). A screening for chromatographic conditions has been
carried out to obtain a satisfactory resolution of most of the reaction
components and a fast, straightforward sample preparation procedure is
proposed, valid for other lipases and model reactions assayed. It is shown
that the lipase activity can be accurately and reliably followed by RP-HPLC,
the results being comparable to those obtained by other techniques.

EXPERIMENTAL PROCEDURES
Materials.

Lipase (EC 3.1.1.3) from Candida rugosa (formerly named
cylindracea), type Vil, was purchased from Sigma (St. Louis, MO.) and
used without further purification. Lipases from Rhizopus delemar and from
Pseudomonas sp. were generously provided by Amano Intl. Enzyme Co.
(Nagoya, Japan) and also used without additional purification. AOT was
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FIGURE 1. Lipase-catalyzed model esterification reaction in reverse
micelles.

obtained from Serva (Heidelberg, Germany), purified by preparative RP-
HPLC, and vacuum-dried avernight prior to use to ensure a minimal water
content. Organic solvents were of analytical or HPLC grade, from Merck
(Darmstadt, Germany). Bidistilled water was purified through a Millipore
Milli-Q system (Millipore, Milford, MA). Fatty acids, alcchols and salts were
obtained from commercial suppliers with a >99% purity.

Sample Preparation.

The reverse micellar solutions were prepared by adding appropriate
quantities of alcohol (typically 250 mM) and fatty acid (typically 100 mM) to
a solution of 100 mM AQT in isooctane. To start the reaction, a few
microliters of lipase solution in 10 mM Tris-HCI (pH 7.5) were injected to
the substrate(s)-containing reaction medium, and after a few seconds of
gentle shaking a clear, transparent, enzyme-containing reverse micellar
solution was obtained (zero time). Aqueous lipase concentrations and
injected volumes were adjusted to obtain in all cases an overall enzyme
concentration in the organic medium of 0.4 mg of lipase sample per mL.
The water content of the micelles is defined by the parameter wy (4), which
denotes the quotient of molar concentrations of water and surfactant.

Activity Measurements.

The reactions were carried out in screw-capped vials at 25 °C.
Periodically, aliquots of 20 ulL of the reaction medium were withdrawn and
placed in an eppendorf and the solvent was rapidly evaporated under a N2
stream. The residue was redissolved in 40 uL of chromatographic mobile
phase, and after centrifugation at 13,000g for 3 min to separate the
nonsolubilized enyme, 10 uL of the supernatant were injected onto a
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LiChroCART 125-4 (LiChrospher 100 RP-18) cartridge, from Merck. The
liquid chromatograph consisted of M-510 solvent-delivery systems, an
automated gradient controller, a U6K universal injector and a 410
differential refractometry detector, all from Waters (Milford, MA).

Other details of experimental conditions can be found in the
corresponding legends to Figures.

RESULTS AND DISCUSSION

Although gradient conditions for elution are not unusual in RP-HPLC
separations and can undoubtedly afford both higher versatility and
resolution, our purpose throughout this work was to design and optimize a
simple, reliable protocol for a rapid, 'comfortable’ monitoring of lipase
activity using isocratic elution (preferable for differential refractometry
detection), to make the chromatographic technique attiractive when
compared to the reported spectroscopic methods.

Our first attempts were aimed at the direct injection onto the reverse-
phase column of the enzyme-containing reverse micellar solution and
subsequent chromatographic separation of lipase, surfactant, isooctane, n-
decanoic acid, 1-butanol and butyl decanoate. As a first trial, methanol-
water and acetonitrile-water (containing 0.1% TFA) mixtures around 50 %
(by volume) of organic component were tested as mobile phase as a
compromise both to have a reasonable resolution of substrates and
products and to dissolve (although denatured) the lipase in the eluent.
Unfortunately, under these conditions the reaction product couid not be
eluted from the column (not shown), a requisite that we considered
mandatory for reliable quantitation of enzyme activity (based on
simultaneocus appearance of the ester and disappearance of the
substrates). Since even at 70% (by volume) of acetonitrile in the mobile
phase, the reaction product was not eluted, we made an estimation of the
approximate composition of organic component in the eluent necessary for
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FIGURE 2. RP-HPLC monitoring of the Rhizopus delemar lipase-mediated
esterification of n-decanoic acid and 1-butanol in an
AQOT/isooctane reverse micellar system (wp=8.9). The elution
profiles correspond to aliquots from the reaction medium taken
at different incubation times and treated as described in the
Experimental Procedures. The column was isocratically eluted
with 0.1% TFA-containing acetonitrile-water (85:15, v/v) at a
flow rate of 1.0 mbL/min. Samples were monitored using
differential refractometry detection.

isocratic elution of the ester, by performing a screening experiment under
gradient conditions (using UV detection) from 50% to 90% acetonitrile (not
shown). it was decided that an isocratic mobile phase (containing 0.1%
TFA) composed of acetonitrile-water (85:15, v/v) should be adequate for
the separation and visualization of both substrates and products. Since in
this case the direct injection of the reaction mixture was not possible due to
the high content or organic component of the eluent (in which the lipase
was not soluble), a simple, rapid protocol to remove the enzyme before
sample injection was therefore developed, which is described in the
Experimental Procedures.
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FIGURE 3. Time course of lipase-catalyzed formation of butyl decanoate in
reverse micelles (wo=8.9), as monitored by RP-HPLC, for
different lipases assayed: (A) Rhizopus delemar; (@)
Pseudomonas sp.; and (W) Candida rugosa.

Fig. 2 depicts the gratifying results obtained upon implementation of
the above conditions and illustrates, as an example, how the time course of
Rhizopus delemar lipase-catalyzed ester formation in reverse micelles can
be easily followed by RP-HPLC using a differential refractometry detector.
Notice that elution of all the components in the reaction mixture (except the
lipase) takes less than 10 min and that both one of the substrates (n-
decanoic acid) and the ester product (butyl decanocate) are completely
resolved from the other components.

Fig. 3 depicts, as an example, kinetics of the production of butyl
decanoate in the reverse micellar medium by the different lipases assayed,
as monitored by RP-HPLC. These results show that the method proposed
can be conveniently used not only to monitor the progress of synthetic
reactions and obtain accurate kinetic data, but to establish a comparison of
the relative activities of enzymes from different sources.

On the other hand, when the influence of the water content of the
reverse micelles (wp) on the activity of the Candida rugosa lipase was
analyzed, the profile obtained from HPLC data (Fig. 4) was found to be
similar to that previously reported for the same enzyme and micellar
system using spectroscopic determination of the reaction progress (22).
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FIGURE 4. Profile of the dependence of the HPLC-determined activity of
Candida rugosa lipase on the water content of the reverse
micelles (wp).

CONCLUSION

We provide here preliminary data which show that the widely
acknowledged advantages of HPLC can be exploited as an alternative
methodology for a rapid, direct monitoring of lipase activity in reverse
micellar media, especially for comparative purposes which only require
simple model reactions. In this case, the chromatographic approach can
afford a higher reliability for quantitative determinations than some
conventional spectroscopic assays and the possibility of automation and
easy manipulation of a large number of samples.

On the other hand, optimization of conditions for the HPLC assay of
model reactions involving longer fatty acids will require to explore other
mobile phases to attain satisfactory separations in reasonable times. As an
example, we have verified that isocratic elution on the above
chromatographic system with a mobile phase as simple as pure methanol
yields elution volumes for hexy! myristate, palmitate, stearate and oleate of
3.6, 4.9, 6.8 and 5.3 mL, and permits an easy monitoring of ester formation
catalyzed by different lipases. Work is in progress in this direction.
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ABSTRACT

The anthocyanin pigments of blueberries (Vaccinium angustifolium Ait.),
previously reported as the 3-glucosides, galactosides and arabinosides of
delphinidin, cyanidin, petunidin, peonidin and malvidin have been shown to
occur both as non-acylated and acetylated forms by chromatographic, chemical
and spectral analyses. In ‘Fundy’ blueberries, acetylated anthoycanins
accounted for over 32% of the anthocyanin content. The two major acetylated
anthocyanins were characterized as the 3-acetylglucoside and 3-
acetylgalactoside of malvidin. This is the first report of acylated anthoycanins
in lowbush blueberries and the first report on the presence of acetylated 3-

galactosides of the five commonly occurring anthocyanidins.

* Author to whom correspondence should be addressed.
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INTRODUCTION

The lowbush blueberry, Vaccinium angustifolium Ait., is grown
commercially in eastern Canada and northern United States, and used in
frozen, canned and fresh markets. The color of the fruit, which is a primary
quality attribute, is determined by the composition and concentration of the
anthocyanins present (2). There are few reports on the anthocyanin
composition of the lowbush blueberry (1,2). Francis et al. (1), using paper
chromatography for the separation and characterization of the anthocyanins,
reported the occurrence of the 3-glucosides and 3-galactosides of delphinidin,
malvidin, petunidin, cyanidin, and peonidin, plus a small amount of 3-
arabinosides of the same anthocyanidins in an unspecified variety of lowbush
blueberry. However, no acylated pigments were identified (1,2).

In this article we report the isolation and characterization of simple and
acetylated 3-galactosides, glucosides and arabinosides of delphinidin, cyanidin,
petunidin, peonidin, and malvidin in the lowbush blueberries, by reverse
phase-high performance liquid chromatography (RP-HPLC) and capillary gas-

liquid chromatography (GLC).

MATERIALS AND METHODS

Materials

The lowbush blueberries (Vaccinium angustifolium Ait., cv. ‘Fundy '),
were harvested in August 1993 from a planting of Agriculture Canada
Research Station, Kentville, Nova Scotia. The berries were frozen and kept at

-38°C until use.
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The ‘Cabernet Sauvignon ’* (Vitis vinifera) grape skin was obtained from
the Summerland Research Centre, British Columbia, and the other standards
were from Sarsynthése, Merignac, France.

All other chemicals used were of reagent or higher grade.

Extraction

The dark colored blueberry tissue (skin and outer layer pulp) was
separated from the less pigmented tissue by squeezing partially thawed berries
between the thumb and forefinger. The pigmented tissue (40 g) was blended
with 30 mL of MeOH/formic acid/water (70/1/29, MFW) for 10 min in a
stainless steel blending bowl equipped with a water jacket for temperature
control. The material in the bowl was maintained at 15 + 1°C by passing
refrigerated water through the water jacket throughout the extraction. The
resulting slurry was filtered through a 0.45 nM Durapore filter (Millipore), and
the filtrate was partially purified by open column chromatography before

HPLC analysis.

Purification and HPLC analysis

The filtrate (20 mL) was applied on to an Amberlite CG-50 (Aldrich,
Wilwaukee, WI) column (30 X 500 mm) which had been previously washed
with 95% ethanol containing 1% formic acid, and equilibrated with 1% formic
acid in water. The loaded column was then washed with 1% formic acid (500
mL) and the anthocyanin pigments were collected by washing the column with
1% formic acid in methanol. The dark colored band was collected (10 mL) and

mixed with an equal amount of 1% formic acid in water. The mixture was
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filtered, and the filtrate was repeatedly injected in the HPLC column for
analysis and preparation of anthocyanin isolates.

The HPLC system (Waters Chromatography, Milford, MA) used
consisted of a Waters 990 photodiode array detector and a SuperPac Pep-S
column (5 uM, 4 x 250 mm; guard column, 4 x 10 mm; Pharmacia) which was
placed in thermostated control system (Waters) and operated at 26.0 = 0.1 °C
throughout the analysis. The following solvents and elution profiles were used:
solvent A, 5% formic acid in water; solvent B, methanol; elution profile: 0-4
min, 10-12% B (linear gradient); 4-10 min, 12-15% B; 10-20 min, 15-20% B; 20-
23 min, 20% B; 23-32 min, 20-30% B; 32-40 min, 30-35% B; 40-48 min, 35-37%
B; 48-50 min, 37-70% B; 50-53 min, 70% B; 53-55 min, 70-10% B. The flow
rate was 1.2 mI/min. The same equipment and elution profile was used for
the preparation of anthocyanin fractions, and the characterization of the

anthocyanins.

Compositional analysis of anthocyanins

The chemical composition of anthocyanin fractions accumulated from the
HPLC system was determined by HPLC and GC as described by Gao and
Mazza (1994). A micro amount (0.1-0.2 mg) of anthocyanin accumulated from
the analytical HPLC was hydrolyzed in MeOH-2N HC1 at 100°C for 2 h. An
aliquot (10 uL) of the hydrolyzate was injected on the HPLC for detecting
aglycones and possible acylating phenolic acids, simultaneously monitored at
280 and 525 nm. An aliquot (0.5 pL) of a chloroform extract of the remaining

hydrolyzate was analyzed by GC for aliphatic acylation in the anthocyanin.
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The hydrolyzate was then used for the analysis of the sugar moieties in the

anthocyanin molecule, as described previously (3).

Spectral analysis

Spectral data for purified individual anthocyanins and for pigments
subjected to alkaline hydrolysis were recorded by the on-line photodiode array
detector, and were compared with those of the anthocyanin standards. The
anthocyanin standards were from a Vitis vinifera, cv. ‘Cabernet Sauvignon ’,
which is known to contain simple and acetylated 3-glucosides of delphinidin,
cyanidin, petunidin, peonidin and malvidin (4). Alkaline hydrolysis was

carried out according to Markham (5).

RESULTS AND DISCUSSION

Analytical RP-HPLC of the methanolic extracts from lowbush
blueberries revealed the presence of 25 anthocyanin peaks (Fig. 1). Each peak
was collected, concentrated under reduced pressure, subjected to acid
hydrolysis in HCl-MeOH and analyzed by HPLC for anthocyanidins and
acylating phenolic acids. The results of these analyses are presented in Table
1. Acylating phenolic acids were detected in none of the hydrolyzate from the
fractions containing the 25 peaks, which is consistent with the spectral
characteristics of the peaks shown in Table 2. The presence of cinnamic acid
acylation in anthocyanin molecules would produce a pronounced shoulder at

300-320 nm beside the anthocyanin absorption peak at 280 nm. The fraction
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Fig. 1. RP-HPLC of anthocyanins in the methanolic extract of lowbush blueberries
(Vaccinium angustifolium Ait. cv. 'Fundy’). Elution monitored at 525 nm. Pk
numbers refer to anthocyanin fractions in Tables 1 through 4. Conditions for HPLC

analysis are given in Materials and Methods.

which contained peaks 13 and 14 had two aglycones, which indicates that there
is more than one anthocyanin present in the fraction although they eluted as
almost a single peak on RP-HPLC (Fig. 1). In subsequent analyses for sugars
and aliphatic acylating acids by capillary GC (3), acetic acid, in the form of
methyl acetate, was detected in the fraction containing peaks 13 and 14, and
each fraction containing peaks 16 through 25 (Table 3), indicating extensive
acetylation of anthocyanins in blueberry anthocyanins. The HPLC fraction
which was found to contain more than one aglycone also contained two types
of sugars. There were a total of three types of sugars detected in all fractions,

and these were identified as galactose, glucose, and arabinose (Table 3).
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Table 1. Retention times on RP-HPLC of the aglycones from anthocyanins in
lowbush blueberries cv. ‘Fundy’

Anthocyanin peaks tg on HPLC Anthocyanidin Phenolic

or standards (min) tr(min) acid

Pk 1 8.5 22.8 -3
2 10.0 22.8 -
3 114 30.9 --
4 13.0 22.8 --
5 13.8 30.8 --
6 15.4 35.5 --
7 16.8 30.8 --
8 18.2 35.5 --
9 19.9 38.7 --
10 22.4 35.5 -~
11 23.7 38.8 --
12 24.6 41.8 --
13/14 27.7/28.7t 41.7/22.7¢F -
15 31.2 41.7 --
16 33.2 30.8 --
17 35.2 30.8 --
18 37.1 22.7 --
19 38.8 354 -~
20 40.9 38.7 -
21 41.0 30.8 --
22 42.0 41.8 --
23 43.1 35.5 -
24 45.9 38.6 -
25 46.7 41.7 -

Delphinidin 22.7

Cyanidin 30.8

Petunidin 35.5

Peonidin 38.7

Malvidin 41.8

* The fraction number refers to the peaks in the HPLC chromatogram shown
in Fig. 1.

T In the order of decreasing peak area on HPLC if more than one peak found
in the acid hydrolyzate of the collected peak.

I -- denotes "not detected”.
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Table 3. Retention time on capillary gas chromatography of sugars and
aliphatic acylating acids from anthocyanin peaks in the lowbush blueberry

cv. ‘Fundy’
Anthocyanin peaks Sugar(s) Acylating acid
or standards ty (min) tg (min)
Pk 1 10.42/11.65 %
2 11.15/12.90 --
3 10.43/11.66 --
4 6.78/7.03/7.53/7.78 --
5 11.15/12.89 --
6 10.45/11.68 --
7 6.78/7.03/7.54/7.77 --
8 11.16/12.89 --
9 10.43/11.66 --
10 6.78/7.03/7.54/7.77 --
11 11.15/12.89 --
12 10.40/11.63 -~
13/14 11.12/12.85; 10.40/11.63% 3.50(small)
15 6.77/7.02/7.53/7.76 -
16 10.40/11.62 3.51
17 6.76/7.01/7.51/7.75 3.51
18 11.12/12.85 3.51
19 10.40/11.62 3.51
20 10.45/11.69 3.51
21 11.15/12.89 3.51
22 10.43/11.67 3.51
23 11.14/12.87 3.51
24 11.14/12.87 3.51
25 11.14/12.88 3.51
Arabinose 6.78/7.04/7.55/7.78
Rhamnose 6.94/8.12
Xylose 7.14/8.37/9.04
Galactose 10.42/11.66
Glucose 11.14/12.88
Acetic acid 3.51
Oxalic acid 8.26
Malonic acid 9.20
Succinic acid 10.28

* Fraction number refers to the peaks in HPLC chromatogram shown in

Fig. 1.

1 For fraction(s) that contained more than one sugar, the sugar displaying the
larger total peak area is listed first.
I "--" denotes "not detected”.



ACETYLATED ANTHOCYANINS 255

To further characterize the anthocyanin pigments corresponding to each
of the 25 HPLC peaks, small amounts (0.05 mg) of each of the fractions
collected from the HPLC column outlet were treated with NaOH (2N)
according to Markham (5). The hydrolyzate from the alkaline treatment was
re-injected onto the HPLC; the retention times and the spectral characteristics
were recorded for the hydrolysis product(s), and compared to the anthocyanin
standards from an extract of ‘Cabernet Sauvignon’ grape skins (Table 2).

Fraction 13, containing peaks 13 and 14, produced, upon alkali
hydrolysis, a small de-acylated fraction, which was eluted earlier than the
original peak while a major peak having the original retention time reoccurred
in the chromatogram. The results indicate that the fraction is a mixture of
acylated and simple anthocyanins, which is consistent with the relatively small
acetic acid peak in the GC analyses for these fractions.

Although the spectral characteristics were not readily determined for the
acetylated anthocyanins in the fraction which contained peaks 13 and 14, the
spectral data for the corresponding de-acylated anthocyanin were easily
obtained from the HPLC peak(s) of the alkaline hydrolyzate, and the spectral
data could easily be matched to that of the acetylated pigment in the sample
and in the standard pigment (Table 2).

All the spectra for the individual anthocyanins showed a shoulder at
around 440 nm of the visible maxima. This is characteristic of 3-glycosylation
(8), and indicates that the anthocyanins of lowbush blueberries are 3-

glycosylated.
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Based on the results of this study, lowbush blueberries contain at least
25 anthocyanins, including the acetylated glucosides and galactosides of
delphinidin, cyanidin, petunidin, peonidin and malvidin, as well as the
arabinosides of delphinidin, cyanidin, petunidin and malvidin (Table 4). The
identity of the majority of the anthocyanins listed in Table 4 was further
confirmed by co-chromatography of authentic pigments obtained from
commercial sources (Sarsynthése, Merignac, France) and/or from ‘Cabernet
Sauvignon ' grape skins which are known to contain simple and acylated forms
of delphinidin, cyanidin, petunidin, peonidin and malvidin (2,4). The results
reported here are consistent with the finding of Francis et al. (1) that the
lowbush blueberries contain a number of 3-glucosides and galactosides of the
five commonly occurring anthocyanidins, plus a small amount of arabinosides.
However, extensive acetylation of the anthocyanins was found in the present
study. The discrepancy is probably due to the use of different blueberry
varieties in the two studies, similar to the compositional differences which are
common in grapes (e.g. ‘Cabernet Sauvignon ' vs. ‘Pinot Noir ’, with the later
variety containing no acylated pigments) (2). A follow-up study from this
laboratory (7) has indicated that the anthocyanin composition of the lowbush
blueberries are variety-dependent. It is also possible that the acetylated
pigments were not detected by paper chromatography which was used in the
study by Francis et al. (1).

This is also the first report documenting the presence of acetylated
galactosides of delphinidin, cyanidin, petunidin, peonidin and malvidin. A
study on the compositional differences among various cultivars and hybrid

varieties of lowbush blueberries is reported elsewhere (7).
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DETERMINATION OF CHLORINE AND CHLORINE
DIOXIDE BY NON-SUPPRESSED ION CHROMA-
TOGRAPHY AND APPLICATION TO EXPOSURE

ASSESSMENT IN THE PAPER INDUSTRY

HALET G. POOVEY AND ROY J. RANDO
Tulane University Medical Center
Section of Environmental Medicine
1430 Tulane Avenue
New Orleans, Louisiana 70112

ABSTRACT

A non-suppressed ion chromatography method for the determination of
chlorine and chlorine dioxide by their representative ions, chloride and
chlorite, has been developed. The method utilizes a phosphate buffered iodide
solution for the absorption of chlorine and chlorine dioxide from air and
conversion to their representative ions. Analysis is by non-suppressed ion
chromatography with a 1-hexane sulfonic acid, sodium salt mobile phase and
detection by conductivity. The analytical detection limit was found to be 0.16
pg/mL and 0.13 pug/mL for chloride and chlorite, respectively. The method
was adapted for use in a passive sampler and used to assess exposure to
chlorine and chlorine dioxide at four pulp / paper mills. A total of 336
personal exposure samples were collected of which 25.2% had detectable
levels of chlorine and 3.9% had detectable levels of chlorine dioxide. For
those samples with detectable exposures, the overall geometric means and
standard deviations were GM = 38 ppb, 0, = 2.5 and GM = 33 ppb, ¢, =
2.5, for chlorine and chlorine dioxide, respectively.
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INTRODUCTION

The ability to simultaneously detect chlorine and chlorine dioxide is of
concern in the workplace where there is concomitant exposure. Chlorine and
chlorine dioxide are used extensively as bleaching agents in the production of
pulp and paper, flour, leather, and textiles. Due to its ability to produce
explosive mixtures in air and its chemical instability, chlorine dioxide is
generally produced at the site of its use.” Both chlorine and chlorine dioxide
are strong oxidizers and severe irritants, causing irritation and conjunctivitis at
low exposure levels; higher exposure levels or extended exposure times may
result in lower respiratory irritation, including pulmonary edema. The current
Occupational Safety and Health Administration (OSHA) permissible exposure
limits (PEL) for an eight-hour time-weighted-average (TWA) are 0.1 ppm and
1.0 ppm, with short-term exposure limits (STEL) of 0.3 ppm and 1.0 ppm, for
chlorine dioxide and chlorine, respectively.?®

An established method for the collection and quantitation of airborne
chlorine and chlorine dioxide utilizes a neutral-buffered phosphate / iodide
absorbing solution with spectrophotometric analysis of formed iodine at 350
nm. The sample is analyzed at neutral and acid pH’s in order to separately
quantitate both Cl, and C10,:®

At Neutral pH:
CL+2I —> L +2Cr
ClOo, +TI —> %I+ ClO;
At Acid pH:
ClO, +4HO" +4r—> 2L, +ClI + 6 HO

It is seen that under neutral pH conditions, the ions, chloride and
chlorite, are surrogate analytes for chlorine and chlorine dioxide, respectively.

A suppressed ion chromatographic technique was developed which increased
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the sensitivity, specificity, and simplicity of the neutral-buffered iodide method
by simultaneous determination of the representative ions, Cl- and CIO,, at a
single pH.*® The purpose of this work was to adapt this method to a non-
suppressed ion chromatography analytical system. The technique was
subsequently utilized for exposure assessment of workers in four pulp/paper
mills using sample collection by personal passive dosimeter®” containing the

neutral-buffered iodide absorbing solution.

MATERIALS AND METHODS

The analytical system consisted of a Waters M-6000A pump and an
AllTech/Wescan ICM-300 ion chromatography module which included an oven
set at a temperature of 30°C, a 100 pl PEEK sampling loop, and a model 315
conductivity detector set at 5 uS full scale. The output of the conductivity
detector was recorded and integrated on a SpectraPhysics Datajet integrator.

Due to its wide range of tolerance to pH (2 to 12) and organic solvent
percentage (0-100), the initial screening of mobile phase for chromatographic
resolution of chloride and chlorite was done with an Alltech universal anion
column, 10 um particle size with column dimensions of 150 mm x 4.6 mm.
Several common ion chromatography mobile phases, including potassium
hydrogen phthalate (EM Science), sodium hydroxide (J.T. Baker), sodium
bicarbonate (Fisher), and ethylenediaminetetraacetic acid, disodium salt
(EDTA), (Aldrich), were screened. The alkanesulphonates, 1-octane sulfonic
acid, sodium salt (Aldrich) and 1-hexane sulfonic acid, sodium salt (Aldrich),
which have been utilized as ion association agents in HPLC® were also
screened. All these mobile phases were tested over a range of concentration,
pH, and flow rate.

After optimization of mobile phase, analyses were done on a Wescan
conventional anion/s column, 10 um particle size with column dimensions of

250 mm x 4.6 mm. Due to the high affinity of this column for iodide, it was
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pretreated with 500 mLs of a 1% sodium iodide solution adjusted to a pH of
4.5 with acetic acid.

For collection of air samples, the absorbing medium consisted of 1 mM
sodium phosphate - monobasic, 1 mM sodium phosphate - dibasic, and 10
mM sodium iodide. This solution was prepared in the following manner: 2
millimoles sodium phosphate, dibasic, 99.95% (Aldrich), and 2 millimoles
sodium phosphate, monobasic, 99% (Aldrich) were diluted to 50.0 mL with
distilled, deionized water. An aliquot of this solution was diluted 1:10 with
distilled, deionized water and analyzed by ion chromatography to screen for
interfering compounds and chloride contamination. To remove the interfering
peaks, this solution was filtered through an Alltech Maxi-clean IC-OH
cartridge. This procedure was repeated until the solution was clean, usually
requiring the use of four cartridges. After this procedure, 25 mls of the
cleaned phosphate solution were added to 10 millimoles of sodium iodide,
99.99% (Aldrich), and diluted to one liter with distilled, deionized water. The
pH of this solution was adjusted to 8.5 with sodium hydroxide then filtered
through an Alltech 0.2 um, Nylon 66 filter and stored in the refrigerator until
use.

All samples and standards were prepared in the absorbing media.
Standards were prepared from sodium chloride, 99.999% pure (Aldrich), and
sodium chlorite, 80% pure (Aldrich). Initially, the purity of a particular lot of
sodium chlorite was determined by the single buffer dual pH 350 nm
spectrophotometric method.® The amount of chloride in the chlorite was
quantitated by ion chromatographic analysis of a stock solution in comparison
to a chloride standard curve. In subsequent use, the chlorite content was
confirmed by the ratio of the chlorite and chloride peaks in a chlorite stock
solution: a reduction in the chlorite to chloride ratio indicated a decomposition
of the sodium chlorite reagent.

Solutions of ions screened as potential interferants included acetate,

carbonate, nitrate, nitrite, sulfate, and sulfide; all were prepared from their
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respective sodium salts, and only high purity reagents were used to minimize
chloride contamination.

Personal exposure monitoring for chlorine and chlorine dioxide using
the optimized non-suppressed ion chromatographic method was conducted at
four paper / pulp mills. Samples were collected using a modified Tulane
passive sampler.® As seen in Figure 1, the modified sampler consisted of a
37 mm polystyrene filter cassette with teflon filters (Millipore FA) chemically
welded to the exterior and interior faces using methylene chloride. The liquid
sample chamber volume was reduced by the inclusion of eighteen 6 mm
borosilicate glass balls. The balls were prewashed with chromic acid and
rinsed with distilled deionized water. The exterior of the sampler was painted
black to prevent photodegradation of the sample. In use, the sampler was
filled with approximately 3 mL of absorbing solution and clipped onto the
worker’s collar. After the monitoring period (usually a full 8-hour shift), the
sampler was retrieved, capped, and stored under refrigeration until analysis.
In preparation for analysis, the absorbing solution was extracted from the
sampler which was then washed with an aliquot of fresh absorbing medium.
The sample and wash were combined and diluted to 4.0 or 5.0 ml with
additional absorbing medium.

Due to the ubiquitous presence of chloride ion, caution was required in
the preparation of samples to prevent contamination. All containers and
approximately 10% of the dosimeters used were washed with absorbing
solution and checked by ion chromatography for chloride contamination. In
addition about 10% of the passive samplers brought to the field were randomly
chosen and held as blanks which were subsequently checked for contamination.

Prior to use in the field, the passive sampler was calibrated in the
laboratory using standard test atmospheres of Cl, and ClO, generated in a
bench top exposure system. Chlorine test atmospheres were prepared by
dilution of chlorine in nitrogen mixtures from a compressed gas cylinder with

room air. Chlorine dioxide test atmospheres were prepared using the NCASI
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FIGURE 1 Schematic diagram of modified Tulane passive dosimeter.

generator which involves passing a stream of chlorine through a solution of
NaClO,, which quantitatively converts chlorine to chlorine dioxide."® The
sampler was calibrated over a range of exposure concentrations and exposure
times. The primary calibration was performed at 25°C; supplemental

correction factors were developed at temperatures of 15°C and 35°C.

RESULTS AND DISCUSSION

Mobile phases prepared from sodium hydroxide, sodium bicarbonate,
and EDTA all showed high background conductance and excessive system
noise. Separation of chloride and chlorite was achieved with a potassium

hydrogen phthalate mobile phase, but an inability to resolve the indicating ions



CHLORINE AND CHLORINE DIOXIDE 267

from other ions in the absorbing media limited its usefulness as a mobile
phase. Separation was not achieved with 1-octane sulfonic acid. A 3.5 mM
1-hexane sulfonic acid, sodium salt mobile phase, adjusted to pH 4.4 with
acetic acid, and pumped at a flow of 2.0 mLpm, achieved separation of the
indicating ions, chloride and chlorite, from each other and from possible
interfering peaks in the absorbing solution. A chromatogram of a standard
solution of CI and ClO,, obtained with the optimized chromatographic
conditions, is shown in Figure 2.

Different lot numbers of the column resulted in slight alterations of
retention times of the ions but was correctable by adjusting the pH of the
mobile phase over a range of 4.1- 4.7. Column ageing also required
adjustment of the mobile phase pH to maintain separation of the ions.

To prevent microbial growth, the column was stored in a 50%
acetonitrile / 50% water solution when not in use. All solutions, including the
mobile phase, were susceptible as well and were filtered through a 0.2 um
filter and stored in the refrigerator when not in use to reduce the risk of
microbial contamination and growth.

Peaks from unknown contaminants in the phosphates and sodium iodide
used to make the absorbing solution required the testing of several batches of
these chemicals of different purities from a variety of suppliers. The use of
very high purity reagents was required to eliminate these unknown peaks.
However, even with high purity reagents, the phosphates required further clean
up with an anion exchange resin before the addition of the iodide.

Several ions were screened as possible interferences. The
representative ions for carbon dioxide (carbonate) and nitrogen dioxide (nitrate
and nitrite) were selected due to their relatively ubiquitous presence in air.
Sulfate and sulfide were selected due to the presence of sulfur compounds in
the paper industry environment. Acetate was considered due to its use in
adjusting the pH of the mobile phase used in the analysis of the samples.
Because airborne bromine would be absorbed by the sampling media, the

possible interference of bromide ion was also examined. Of the ions screened,
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chloride

/ chlorite

1 7 i
O &5 10 15 min

FIGURE 2 Chromatogram of mixed standard of chloride and chlorite, both
10 pg/ml. IC conditions: 250 mm x 4.6 mm Wescan conventional anion/s
column; 3.5 mM 1-hexane sulfonic acid sodium salt, adjusted to pH 4.5 with
acetic acid and pumped at 2.0 mLpm. Detection: conductivity at 5 uS fuil
scale.

only nitrate had a retention time within one minute of either of the
representative ions, eluting 0.7 minutes after the chlorite. Nitrite had the next
closest retention time eluting almost two minutes after the chlorite. Bromide,
sulfide and acetate all had retention times less than three minutes; where as
sulfate and carbonate had significantly longer retention times than chloride or
chlorite. The results of these screenings show that none of the ions considered
would normally interfere with the chromatographic analysis of chloride and

chlorite.
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FIGURE 3 Standard curves for ion chromatographic analysis of chloride and
chlorite. -

Since chlorite ion is unstable in light and thermally degrades with time,
standards and samples should be stored in opaque containers in the
refrigerator. In general, samples should not be stored for more than two
weeks and fresh standards should be made on a weekly basis.

A representative standard curve can be seen in Figure 3. Multiple
injections of a 0.5 pg/mL standard resulted in coefficients of variation of 10.5
and 8.8 % for the analytical response of chloride and chlorite, respectively.
Based on these results, analytical limits of detection for chloride and chlorite
are estimated to be 0.16 pug/mL and 0.13 ug/mL, respectively. This would
correspond to air concentrations of 19 ppb chlorine and 16 ppb chlorine
dioxide in a 30 liter sample actively collected in 10 ml of absorbing media.

Likewise, for the 37-mm modified Tulane passive sampler with a final
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FIGURE 4 Calibration of passive sampler for chlorine and chlorine dioxide at
25°C and 43% RH.

absorbing media volume of 5.0 ml and 8 hours of exposure, the method
detection limits would be approximately 10 ppb for both chlorine and chlorine
dioxide.

Calibration of the modified Tulane passive sampler yielded mass
transfer constants of 9.33 ug/ppm-hr and 10.18 pg/ppm-hr for chlorine and
chlorine dioxide at 25°C as seen in Figure 4. Slight temperature corrections
were necessary for use under conditions warmer or cooler than 25°C as seen
in Figure 5.

The passive sampler was used to assess exposure to chlorine and

chlorine dioxide at four paper / pulp mills, see Figure 6 for sample
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FIGURE 5 Effect of temperature on mass transfer rate of modified Tulane
passive sampler for chlorine and chlorine dioxide.

chromatogram. These four mills have undergone conversion to the chlorine /
chlorine dioxide bleaching process within the last five years. At the same
time, modifications were made to process equipment and procedures to reduce
the emission of the chlorine gases and thus the potential for exposure of the
workers. At each of the four mills, a total of nine work shifts were monitored
over a period of 5 work days. On each shift, approximately 10 workers from
various areas of the plant were monitored for exposure. This resulted in a
total of 336 personal exposure samples being collected at the mills. Of these,
85 (25.2%) had detectable levels of chlorine and only 13 (3.9%) showed any
chlorine dioxide. For those samples with detectable exposures, the overall
geometric means and standard deviations were GM = 38 ppb, ¢, = 2.5 and

GM = 33 ppb, ¢, = 2.5, for chlorine and chlorine dioxide. respectively.
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FIGURE 6 Chromatogram of sample from pulp / paper mill. IC conditions as
in Figure 2.

A more detailed breakdown of the results of the exposure survey by
workareas in the mills is shown in Table 1. In general, exposure to chlorine
and especially chlorine dioxide occurs most frequently in the bleach plant areas
of these mills. Operators and product testers in these areas may be exposed
when entering the bleach washer and generator areas and when collecting
samples for quality control. Inadequate ventilation in the bleach plant control
room may also result in continuing low-level exposure. Maintenance
personnel working on bleach plant equipment also may have frequent exposure
to relatively high levels of chlorine and chlorine dioxide. Process upsets and
fluctuations may allow residual chlorine and chlorine dioxide to be carried

over with the bleached pulp resulting in low-level emissions in the paper
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Table 1
Summary Breakdown of Personal Sample Results for Chlorine and Chlorine Dioxide in Four
Pulp / Paper Mills*

273

Work Mill | n Cl, ClO,
Area No.
GM a, %>LOD | GM a, % >LOD
woodyard 25 8 18.2 2.6 88 - - [¢]
27 6 7.3 2.6 17 -—- - 0
30 6 | 10.0 2.8 50 -— —— 0
32 6 -— - 0 -— — 0
pulping 18 | 13.3 3.2 50 -— - 0
6 | — 0 — 0
8 8.3 2.9 25 - - 0
4| - 0 0
bleaching 35 | 11.0 2.8 46 5.7 1.5 14
421 7.0 2.4 14 5.4 1.7 2.3
47 | 6.6 1.8 19 5.4 1.4 6.4
391 11.9 4.2 28 6.1 2.1 7.7
maintenance 10 | 10.3 2.3 50 5.8 1.6 10
24§ — 0 0
11 ] 5.6 1.4 9.1 - - 0
7 — - ] - - 0
power plant 7 | 26.9 4.4 71 - - 0
& chemical 6 7.4 2.0 33 - - 0
recovery 3 —— -— 0 - —— 0
9 7.4 3.2 11 -— - 0
paper 10 | 11.2 2.5 50 -— - 0
machines & 6 - -— 0 - - 0
finishing 11] 6.8 2.1 18 - - 0
7 - - 0 - 0
* GM = geometric mean (ppb), a, = geometric standard deviation, % >1LOD = percentage

of samples with levels of chlorine or chlorine dioxide greater than the limit of detection (~ 10
ppb for either chlorine or chlorine dioxide). For calculation of geometric mean and standard
deviation, samples less than the LOD were given a value of !4 the LOD.
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machine and finishing areas. Chlorine may also be used in the power plant
and boiler houses for water treatment and biocontrol. Other areas of the mill
are subject to episodic exposures due to their proximity to the bleach areas and

the dispersion of any offgassed chlorine and chlorine dioxide.

CONCLUSIONS

This method provides for simple, specific, and sensitive determinations
of chlorine and chlorine dioxide with analysis by their representative ions,
chloride and chlorite. The analytical limit of detection was found to be 0.16
pug/ml chloride and 0.13 pg/ml chlorite. Several possible interferants were
considered and found not to affect the analysis. This was confirmed with a
field test of the method utilizing passive dosimetry at paper mills.

It is recommended that only very high purity reagents be used in the
preparation of solutions and that all solutions be filtered and stored in the
refrigerator to reduce microbial growth. Care must be taken to prevent
contamination of the solutions with chloride from external sources.

Calibration of the modified Tulane passive sampler yielded mass
transfer constants of 9.33 ug/ppm-hr and 10.18 pg/ppm-hr for chlorine and
chlorine dioxide at 25°C; however, a correction is required to adjust for
temperature effects on the mass transfer rate.

Exposure assessment at four paper / pulp mills showed the utility of the
method with the geometric mean of the exposures being approximately 1/25

and 1/3 of the PELs for chlorine and chlorine dioxide respectively.
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Abstract

A rapid reversed phase HPLC method for determination of
ranitidine in human plasma has been developed. The procedure
involved extraction of the drug from alkalinized plasma
spiked with the internal standard (procainamide) using 4%
v/v isopropanol in ethylacetate. The extract was evaporated
under nitrogen and the residue was reconstituted with
methanol and injected onto U-Bondapak C;g column. The mobile
phase is 8% v/v acetonitrile in 10 mM potassium phosphate
buffer (pH 5.1); at a flow rate of 2.5 ml/min and UV detec-
tion at 330 nm. The efficiency of extraction was 90% with a
detection limit of 20 ng/ml. The within-day coefficient of
variations ranged from 4.09% to 5.81%, whereas those of
between-day were from 7.5% to 9.51%.

Introduction
Ranitidine is a histamine H,-receptor antagonist which
is very effective in the treatment of gastric and duodenal

ulcers [1].
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Several reversed phase high-performance liquid chro-
matographic methods have been reported for determining rani-
tidine plasma concentrations [2-9]. These methods present
various difficulties including, long and tedious extraction
procedure [7], use of ion-pair chromatography [6, 9], high
percentage of the organic modifier in the mobile phase [4,
5, 8], interferences of endogenous plasma substances [6, 3]
and low sensitivity [3].

In contrast, the method described here is simple, less
expensive, free of interferences, time-saving, sensitive and
selective for the gquantitation of ranitidine in human
plasma, which makes its applicability in biocavailability

studies valuable.

Materials and Methods
Apparatus:
A Waters HPLC Unit (Waters Associates, Milford, Ma,
USA) was used. It consisted of a system controller (M-720),
a data module (M-730), an auto-injector (WISP-712), a sol-
vent delivery system (M-501), UV detector (M-484), and a
reverse phase U-Bondapak C;g column (10 um, 15 cm X 3.9 mm

I.D.).

Chemicals and Reagents:

Ranitidine hydrochloride (Glaxo Ltd., Herts, U.K.) as
well as procainamide hydrochloride (Smith Kline and French
Laboratories Ltd., Herts, U.K.) were kindly gifted. Aceto-

nitrile, methanol and ethylacetate (HPLC grade) were from E.
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Merck (Darmstadt, Germany), potassium phosphate buffer (BDH
Chemicals Ltd., Poole, U.K.) and isopropanol (Riedel-De Haen
Ag, Seelze-Hannover, Germany) were used. All chemicals were

of analytical grade.

Stock Solutions:

A stock solution of ranitidine in methanol was prepared
at a concentration of 1 mg/ml. A stock solution of 1 mg/ml
procainamide (internal standard) in methanol was prepared
and diluted to a concentration of 10 mg/l in methanol for

the assay.

Chromatographic Conditions:

A mobile phase containing 8% v/v acetonitrile in 10 mM
potassium dihydrogen phosphate (pH 5.1) was used. The flow
rate was 2.5 ml/min and the detector was set at a wavelength
of 330 nm and a sensitivity of 0.005 AUFS. Experiments were

conducted at ambient temperature.

Sample Preparation:

To 1.0 ml of human plasma, 25 ul of internal standard
(10 mg/l) and 15 ul of 6N NaOH were added. Then 2.0 ml of 4%
v/v isopropanol in ethylacetate was added. The tube was then
mechanically shaken for 20 minutes, and then centrifuged at
3000 rpm for 10 minutes. The organic layer was transferred
to a 5 ml centrifuge tube and evaporated under a stream of
purified nitrogen to dryness at 40°C. The residue was
reconstituted in 100 ul methanol and 75 ul of the sample was

injected onto the column.
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Calibration and Recovery:

Calibration was performed by adding known amounts of
ranitidine to blank human plasma to yield concentrations
over a range of 0.05-1.0 mg/1l, and these standards were then
extracted according to the procedure described above.

Ranitidine recovery from plasma was determined by com-
paring the peak height ratios to those obtained from similar
aqueous solutions.

The precision of analysis was assessed by 7 replicate
analyses of human plasma spiked with ranitidine to give con-
centrations of 0.075, 0.35 and 0.8 mg/l, and then within-day
variations were calculated. Day to day variations were also
calculated for the above concentrations up to 10 days (Table

1).

Specificity

Other drugs (Cimetidine, metoclopramide, naproxen,
diclofenac, ibuprofen, phenylbutazone, ketoprofen, lido-
caine, verapamil, diazepam, glibenclamide, chlorpheniramine
and brompheniramine) were tested for their possible inter-
ferences in the HPLC assay. All the investigated drugs were
not detected within 15 minutes from the injection except

lidocaine which eluted at 8.1 min.

Human Studies:
Pharmacokinetic studies on ranitidine involved its ad-
ministration to a normal volunteer. Clinical investigations

excluded cardiac, hepatic and renal diseases. The volunteer
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Table 1: Within- and between-day precision of ranitidine in human
plasma.
Within-day* Between-day**
Added Measured %Bias@ Added Measured %$Bias@
conc. conc. conc. conc.
(mg/1) (mg/1) (mg/1) (mg/1)
0.075 0.075
Mean 0.072 -4.00 Mean 0.061 -18.67
SD 0.0041 SD 0.0058
CVs 5.64 CV% 9.51
0.350 0.350
Mean 0.344 -1.71 Mean 0.350 0.0
SD 0.020 SD 0.029
CVs 5.81 cvg 8.29
0.800 0.800
Mean 0.881 10.13 Mean 0.841 5.13
sD 0.036 sD 0.063
CvVs 4.09 CVs 7.5
* Mean values represent seven different plasma samples for each con-
centration.
** Mean values represent seven different plasma samples for each con-

centration assayed on different days over a period of 10 days.

@ Bias=100x (Measured concentration-Added concentration/added con-
centration

received 150 mg ranitidine tablet orally after fasting over-
night, and 3 ml of blood samples were drawn in heparinized
tubes prior to drug administration and at 0.5, 1.0, 1.5,
2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 7.0, 8.0, and 9.0 hrs

after administration. Heparinized blood samples were centri-
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fuged at 3000 rpm for 10 min., and plasma samples were kept

at -20°C until analysis.

Results and Discussion

Using the described procedure, the chromatograms of
ranitidine and the internal standard are shown in Fig. 1.
Ranitidine showed a peak (b) with a retention time of 5.83
minutes, internal standard showed a peak (a) and a retention
time of 3.79 min.

Fig. 1 shows the chromatograms obtained from human
plasma extract taken 4.0 hrs (B) and 7.0 hrs (C) following
ranitidine administration.

Operation of the detector at 330 nm, rather than 229 nm
[3, 6] resulted in a cleaner chromatogram since there was no
interference from endogenous plasma constituents or concomi-
tant drugs without loss of sensitivity.

The calibration curve for ranitidine was linear over
the range investigated with a correlation coefficient of
0.99 (Fig. 2). The detection limit was 20 ng/ml.

The recovery of ranitidine from the human plasma using
this method was 90% on the average, which compared favorably
with those reported by other workers [2, 5, 6].

The overall precision of the method was measured on the
basis of samples with three different concentrations (Table
1).

The effect of freezing and thawing of the plasma
samples was studied over a period of two weeks at 0.075 and

0.35 mg/l. There was no significant differences in the
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Typical chromatograms of human plasma extract fol-
lowing oral administration of 150 mg ranitidine to
a human volunteer. Blood samples were drawn prior
to dose (A), 4 hrs (B) and 7 hrs (C) after ad-
ministration of ranitidine. Peaks: (a) is internal
standard and (b) is ranitidine. Chromatographic
conditions are as in text.
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Fig. 2: Standard curve for ranitidine in human plasma.
Least squares linear regression analysis resulted
in: ¥ = -0.0029+3.9688x, r=0.9978.

results of the concentrations measured which assured that
freezing and thawing of the sample had no effect on the es-
timation of ranitidine by the above procedure.

The applicability of the assay procedure is illustrated

in Fig. 3 which shows the ranitidine plasma concentration-
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Fig. 3: Plasma level vs time following oral administration

of 150 mg ranitidine to a human volunteer.

time profile following oral administration of ranitidine to
a healthy subject.

The advantage of this assay is its simplicity, sensi-
tivity, selectivity as well as its application in pharma-

cokinetic and biocequivalency studies of ranitidine.
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ABSTRACT

The investigation of chromatographic (HPLC) systems containing
camphorsulfonic acid (CSA) has been continued. Similarly to the previous finding
for silica, on polar bonded silica packings CSA forms double layer. The adsorbed
amount of CSA was determined by the evaluation of break-through curves. It
was found that the addition of triethylamine in a small excess to the CSA
containing eluent results in the formation of a versatile chromatographic system.
The adsorbed amount of CSA and TEA from such eluents was determined by
the estimation of the break-through curves were gained by simultaneous
refractometric and UV spectrophotometric detection. The migration of the
compounds follows a normal phase mechanism evidenced by the behavior of the
examined medicinal compounds.

INTRODUCTION

In a previous paper [1] the adsorption of camphorsulfonic acid (GSA) on
bare silica was followed by the break-through méthod, using methanol-
chloroform-CSA and acetonitril-chloroform-CSA mixture as mobile phase. In the
same study the formation of CSA-double layers was suggested and the amount

of CSA bonded in the 1. and 2. layer has been determined. The different
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sorptional feature of the two CSA-layers was revealed. It seemed reasonable to
extend the research to the study of CSA-bonding power of cyanopropylsilica and
other polar bonded silica sorbents representing a polarity weaker than that of the
bare silica and thereby the field of application of CSA-silica systems should be
widened [2]. In trying to increase the versatility, i.e. selectivity of the system,
as an organic modifier triethylamine was added in excess to the mobile phase.
The separation power of a similar chromatographic system containing
cyanopropylsilica, CSA as ion exchanger and diethylamine as a counter base,
was carefully studied by Szepesi et al. [3,4]. Whether in our case, the retention
bahavior of the substances tested should reflect a normal- or rather a reversed
phase character of the silica/CSA-TEA, etc containing system, was a further

question to be answered.

EXPERIMENTAL

Materials

All of the model stubstances, but not the fluoroquinolones, and the
steroids were a quality of Ph.Hg.VIl. (Pharmacopoeia Hungarica VII.).

Fluoroquinolones were synthetized at Chinoin Pharmaceutical Works
(Budapest) and used without further purification.

The steroids were synthetized at Gedeon Richter Pharmaceutical Works
(Budapest) and used without further purification.

Methanol HPLC grade (Chemolab, Budapest)

Chioroform Ph.Hg.VIl., was used after purification by the Ph.Hg. method.

Triaethylamin, TEA (LOBA Chemie, Fishamend, Germany)

(+)10-Camphorsulfonic acid (CSA} monchydrate (Merck).

Chromatography

The HPLC apparatus was comprised in Waters {(Millipore, USA) Mode 501
solvent delivery system, LABOR MIM (Budapest, Hungary) Model QE 308
variable wavelength UV photometer, Yokogava (Tokyo, Japan) Type 3051
recorder. For the determination of triethylamine adsorption the effluent was

monitored with Rl detection (Waters Differential Refractometer, Model R 401).
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The packings were filled into stainless steel columns (250 x 4 mm |.D.).
Adsorbents were purchased from BST (Bioseparation-Technique Ltd., Budapest,
Hungary) in a particle size 5 ym of each: Silica Si-100-S, Diol Si-100-S,
Cyanopropyl Si-100-S, Phenylsilica Si-100-S.

Break-through curves

The amount of adsorbed CSA and TEA was determined by the evaluation
of the correspondent break-through curves. The equipment used for the break-
through measurements is a modified version was described in a previous
publication [1]. For the simultaneous measurement of CSA and TEA adsorption
an apparatus working with two parallel switched pumps, columns and detectors
(UV, Rl) was applied [5].

Mobile phase, substance application, recording.

As eluent the mixture of chloroform and methanol 99:1 containing given
concentration of CSA and/or TEA was used. The eluents were filtered and
degassed prior to chromatography. The flow rate was 1.0 ml/min. A Model
7125 sampling valve {Rheodyne, Berkley, USA) was applied.

The column-temperature was controlled by recirculating water through an
isolated stainless jacket from termostat (Ultrathermostate MLW Type U2C,
Freital, Germany).

The model substances were solved in the correspondent eluents. The
basic compounds, due to solubility problems, were applied in their base form.

The chromatograms were obtained and recorded, the retention data were
collected by a Hewlett-Packard integrator Model 3396 Ser 2.

Each retention data was calculated as an average of three parallel runs.

The mobile phase hold-up time was signalled by the solvent peak of methanol

RESULTS AND DISCUSSION
Table 1 involves the data of adsorption for CSA on silica and three polar
bonded silica packings. The results were gained by the evaluation of the break-
through curves. The main message of the table is, that in accordance with the

earlier (1) and present finding for silica, CSA forms two distinct layers (i.e.
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Table 1

The adsorption of CSA on silica and polar bonded silica columns

(Mobile phase: chloroform - methanol 89:1).

Col CSA CSA adsorbed
oumn in the eluent uM/g
u Layer 1. Layer 2.
0.005 242.32 -
SILICA 0.010 240.0 115.0
0.020 249.2 249.2
0.005 40.6 28.32
SILICA~DIOL 0.010 65.8 37.32
0,020 97.2 99.2
CYANOPROPYL- 0.003 49.2 21.0
SILICA 0.010 76.0 39.12
0.020 110.8 119.52
0.005 56.0 13.12
PHENYL-SILICA 0.010 85.2 52.8
0.020 124.0 111.2

double layer) on the surface of each of the three polar bonded silica adsorbents.
Another characteristic of the table is the increase of the adsorbance by
increasing the CSA-concentration of the eluent. This is true for both of the CSA-
layers. At a CSA concentration 0.02 M the amount of adsorbed CSA by the
second layer equals with the one adsorbed by the first layer. This unexpectedly
high value in the 2nd layer may come from the simultaneous adsorption of CSA
by the empty 2nd layer and the continous occupation of the free sites of the
first layer. The amount of CSA adsorbed by the polar bonded silica layers is
about 1/3rd of that bonded by the bare silica. The gradual increase of CSA in
the 1st. layer parallels with a steep rise of CSA-adsorption into the 2nd. layer.
Table 2 shows the amount of adsorbed CSA and TEA in the same
chromatographic system, when the TEA was present in a minute excess. In the

latter case double layer formation does not take place. The comparison of the
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Table 2

Simultaneous adsorption of TEA and CSA by different silica packings

Eluent CHCI3 - MeOH 99:1 Ratio of
Column adsorbed
+0.012 M TEA | +0.012M TEA + 0.010 M CSa TEA:CSA
Adsorbed amount uM/g
TEA TEA CsA
SILICA 352.4 329.2 261.2 1.26
SILICA~DIOL 74.88 74.4 46.4 1.62
CYAMNOPROPYL-
SILICA 152.64 149.2 114.8 1.31
PHENYL-SILICA 160.0 144.8 108.8 1.33

corresponding data of the Tables 1 and 2 shows, that TEA, excepted cyanopro-
pyl silica, strongly reduces the adsorbed amount of CSA by bare silica as well
as polar bonded silica surfaces. On the other hand, CSA has small influence on
the adsorption of TEA by the silicas. The TEA and CSA are adsorbed in an
amount corresponding to a mol ratio approximately 1.3, excepted diol silica,
where the ratio index is higher, 1.6. This fact allows to conclude, that TEA and
CSA occupies the major part of the silica surface in the form of a (1:1) salt-like
compound and in addition, a part of the superfluous TEA adheres to the free
silano! groups of the surface. Considering the moderately polar character of the
weakly alkaline (non adsorbed TEA) mobile phase the stationary phase in this
chromatographic system must definitely exert a polar sorbent activity, since all
the solutes migrate according to the rules of a normal phase mechanism.
Table 3 show the retention for 25 structurally different medicinal
compounds, having neutral, acidic or basic character. It can be seen, that the
mobile phase-C, containing CSA and in a small excess TEA, is suitable for the
elution of the organic bases too. We met only one application of the latter eluent

type, when certain steroids were separated [6]. !t is worthy of note, that with
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Figure 1: Representative chromatogram of 15 mode!l compounds.

Sorbent: silica, eluent: C (see Table 3).

2.74 lidocaine, 3.02 hexobarbital, 3.91 benzocaine

4,14 caffeine , 7.71 levomepromazine,

8.19 phenobarbital, 9.07 theobromine, 10.01 tetracaine,
11.03 promathazine, 12.66 chiorpromazine, trifluperazine,
22.60 procaine, 22.97 ethylmorphine, 24.77 theophylline,
25.67 codeine.

this alkaline eluent the best separations were achieved just on silica gel surface,
which, due to its too polar feature, could not be used at all when the mobile
phase contained CSA in excess [2]. Another benefit using the TEA-excess
containing (basic) eluent is, that it dissolves well also the salt forms of the
amine pharmaceutics, which will migrate in their base form. These basic
compounds could not be eluted at all with chloroform-methanol mixture with or
without CSA content (Table 3, eluent A and B, compds. 12-25). In the sys-

tem-C homologs (as codeine-ethylmorphine) or structurally closely related
substances (see compds. 9—-11, 18-21, 2225} can be separated. The quality

of separation is illustrated by Fig. 1. The chromatogram of five "floxacins”, is
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tr(min)

Figure 2: Chromatogram of five gyrase inhibitor fluoroquinoione
derivatives.

2.48 pefloxacin, 3.08 lomefloxacin,
4.68 amifloxacin, 7.21 ciprofloxacin,
8.34 norfloxacin.

shown by Fig. 2. These gyrase inhibitor fluoroquinolone derivatives could be
eluted from the aminosilica surface and separate well with the alkaline eluent
(C). The strong retention of acids (benzoic-, salicylic acid, etc.) against the
alkaline eluent may be explained by a substitution effect they exert on the
bonded CSA.

The comparing of certain retentions evidences the normal phase character
of the chromatographic system-C.: cf. the retentions caffeine-theobromine-

theophylline, procaine-tetracaine, codeine-ethylmorphine, etc.
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ABSTRACT

A sensitive and rapid High-performance liquid chromatographic
method using U.V.detection, has been developed for the analysis
of thalidomide in plasma. This involved a single liquid-solid
extraction on Extra-Sep-C8 column in the presence of an
internal standard (ciprofloxacin). Analysis was performed by
isocratic elution with a mobile phase consisted of 0.01 M
aqueous potassium dihydrogen phosphate containing 21 % (V/V)
acetonitrile and 4.5 mM Heptane sulfonic acid, adjusted to pH
2.3, with U.V detection at 295 nm. The limit of sensitivity of
the assay was 0.06 mg/l. The method was applied to a
pharmacokinetic study ( 50 to 100 mg )in patients with erythema
nodusum leprosum (ENL) with a good accuracy { 96-111 % ) and
precision ( less than 5.8 % ).

INTRODUCTION

Thalidomide ( «- phtalimidoglutarimide) was introduced as a
non-barbiturate hypnotic in 1956, and was withdrawn from the
market in 1961 because of teratogenic effects (1). Its

immunosuppressive properties have been known and Thalidomide
297
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has been used in different immunologically mediated diseases
including lepromatus leprosy, aphtous stomatitis, and discoid
lupus erythematosus for over twenty years (2,3).

Recently, this drug was proposed in the treatment of acute
and chronic graft-versus-host disease (GVHD) in bone marrow
transplant patients (4).

Several analytical methods using colorimetric detection (5),
UV spectrometry (6), paper and thin layer chromatography (7,8)
have been reported for thalidomide but these procedures suffer
from a lack of selectivity and/or sensitivity. A cas
chromatography method was described but accuracy and precision
were not indicated (9). Several H.P.L.C methods have been
recently proposed. However two H.P.L.C methods have been
developped (10,11) but they are characterized by rather poor
sensitivity with achieving detection limit of only 1.0 mg/1.

Another H.P.L.C assay was proposed (12) with a reported
sensitivity near 0.1 mg/l, but no data was available concerning
accuracy and precision. Recently, a sensitive, specific, and
accurate H.P.L.C procedure was described (13) but the sample
work-up procedure using a liquid-liquid extraction was time-
consuming thereby hampering extended pharmacokinetic study with
large numbers of samples. In this paper, we describe a rapid,
accurate and sensitive method for the quantitative
determination of thalidomide in plasma by H.P.L.C wusing

reversed-phase chromatography, solid phase extraction and U.V.

detection.
MATERIALS AND METHOD
Chemicals

Thalidomide was kindly supplied by Dr Frankus from Chemie
Grinenthal (Aachen, Germany) and ciprofloxacin ( internal
standard) by Bayer-Pharma Laboratories ( Sens, France ).
H.P.L.C grade acetonitrile, methanol and dimethylformamide,
RPE-ACS grade ©potassium phosphate moncbasic and sodium
dihydrogen phosphate were obtained from Carlo-Erba ( Milan,
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Italy ) and used for the preparation of an 0.066M agueous
phosphate buffer. 1l-Heptare sulfonic acid ( H.S.A ) was from
Sigma (Saint Louis, U.S.A).

Analytical grade orthophosphoric acid, hydrochloric acid and

di-sodium hydrogen phosphate 2-hydrate were from Merck
(Darmstadt , Germany ). Extraction columns ( Extra-Sep Cg,
200 mg , 3 ml, Lida Manufacturing Corp.,Xenosha, U.S.A } were
from Touzart-Matignon ( Paris, France ). Ultrapure water was
obtained before use, through a Milli Q- plus water purification
system ( Millipore Corp.,U.S5.A ).

Chromatograph

H.P.L.C system consisted of a model 510 Waters pump, a model
231 Gilson autosampler unit with a 100 gl loop, models 484
Waters U.V. absorbance detector and 746 integrator-recorder.The
column ( 150 x 4.6 mm i.d ) was packed with Nucleosil Cg, 5 um
particule size ( Touzart-Matignon, France ). The mobile phase
consisted of 0.01M agqueous potassium dihydrogen phosphate
solution containing 21 % ( V/V ) acetonitrile and 4.5 mM H.S.A,
adjusted to pH 2.3 with concentrated orthophosphoric acid.

Prior to use, the mobile phase was filtered through a H.V.L.P
04700 Durapore membrane ( Millipore cCorp.,U.S.A ). This, was
carried through the column at 0.8 nl/min and the detection
wavelength was set at 295 nm. All separations were carried out

at room temperature.
Standard solutions

The stock solution (1000 mg/l) of thalidomide was prepared
weekly in dimethylformamide, and stored at + 4°C. The stock
solution (100 mg/l) of ciprofloxacin (I.S.) was weekly prepared
in methanol and stored in similar conditions.

The working solutions were prepared by dissolving the stock
solution in 0.01N HCl, at final concentrations of 10.0- 5.0 -
2.5 - 1.25 - 0.625 mg/l for thalidomide, and 2.0 mg/1l for I.S.

Calibration standards : ( 0 - 0.0625 - 0.125 - 0.25 - 0.5 =
1.0 mg/l ) were made daily from pocled human plasma. These were
prepared according to the sample preparation procedure.
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Sample preparation

The solid-phase extraction column ( Extra-Sep Cg ) was
conditioned by elution with 3 x 1 ml of 0.066M phosphate
buffer. Plasma sample ( 1.0 ml ) supplemented with 60 ul of
I.S. methanolic solution ( 2.0 mg/l ) and mixed with an equal
volume of 0.066M pH 7.4 phosphate buffer, was loaded onto the
conditioned column. This fraction was washed with 3 x 1 ml of
0.1M HCl. Both thalidomide and I.S. were recovered with 5 x 0.2
ml of dimethylformamide. The eluate was evaporated to dryness
at ambient temperature under a gentle stream of nitrogen gas.
The dry residue was reconstituted in 130 ul of mobile phase and
an aliquot of 100 pl was injected into the chromatographic

system.

RESULT AND DISCUSSION

Analytical conditions

Solid - phase extraction (SPE) provides fast and efficient
sample preparation, it reduces sample handling and eliminates
the risk of emulsification ( 13,14 ). The use of ciprofloxacin
as I.S. improves the reproducibility of the method ( Table 1 ).

Two U.V. detection peaks are available for the analytical
determination of thalidomide in biological fluids. Several
authors ( 11,12,15 ) have selected a wavelength below 254 nm
for U.V. detection, which gives a good sensitivity but in
contrast a poor specificity.

We have selected a wavelength at 295 nm as CZEJKA M.J et al
(10), which optimizes the specificity of the assay (Figure 1 ).

Linearity

Standard curves were constructed by plotting the peak-area
ratio of thalidomide to the internal standard versus the
concentration of thalidomide.

The calibration curve was linear over the selected following
range ( 0.0625 - 1.0 mg/l ) in plasma, and characterized by the
equation : y = 1.294 x - 0.010 , ( r = 0.9994 , n =6 ).
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Recovery

The absolute recovery of the SPE was determined by comparing
the peak areas of thalidomide obtained from freshly prepared
spiked plasma sample extracts to those obtained from aqueous
standard solutions with the same concentration. The recovery
was 79.5 + 4.2 % at 0.5 mg/l and 80.3 + 4.6 % at 1.0 mg/l, n =3

Chromatograms

Figure 1 shows chromatograms obtained with extracts from
plasma spiked with 0.5 mg/l1 thalidomide ( Figure 1la ), blank
plasma ( Figure 1b ), and plasma sample obtained 4 hours after
the administration of a 100 mg daily oral dose of thalidomide,
to an erythema nodusum leprosum patient ( Figure 1c ).

Concentrations were calculated by comparing the ratio of peak
areas of samples ( major peak/ I.S ), with these of the
calibration curve made daily. Thalidomide and I.S. were eluted
in 10.6 and 16.2 min., respectively.

Limit of guantitation

The limit of quantitation for thalidomide was 0.0625 mg/1
( Figure 2 ), when 1.0 ml of plasma was used.

The limit was taken as a chromatographic peak four times
higher than baseline noise; it was always the lowest point of
the calibration curve, giving good accuracy ( 111 % ) and
precision ( C.Vv = 5.8 % , n = 6 ). This limit of quantitation
was sufficient for pharmacokinetic studies.

Accuracy and precision

The within-day variability of the method was characterized by
coefficients of variation lower than 7.8 % ( Table 1 ).

The inter-day variability in plasma was assessed over thirty
days from four series of human plasma samples containing
0.0625, 0.125, 0.50 and 1.0 mg/l of thalidomide ( Table 2 ).
The C.V for inter-day analysis was less than 6 % and the
accuracy inside a 99.2 - 111 % range.
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FIGURE 1 : Chromatograms obtained from extract of

( a ) plasma spiked with thalidomide ( THAL.)( 0.5 mg/l ) and
internal standard (I.S)

( b ) human blank plasma

( ¢ ) plasma sample obtained at the 4 th hour from a patient
included in a pharmacokinetic study : THAL. : 0.8 mg/1l

16.13 .S

18.53 THAL.

:

FIGURE 2 : Chromatogram obtained from extract of a blank

plasma spiked at the limit of quantitation :
0.06 mg/l of THAL.
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TABLE 3

Retention Time for Different Drugs Administered in Patients
Receiving Thalidomide Treatment.

Drug Retention time (min )
ciclosporine N.D
ciclophosphamide N.D
prednisolone N.D
hydroxyzine N.D
nifédipine N.D
diltiazem N.D
amphotéricine B N.D
clonazépam N.D
clobazam N.D
diazépam N.D
desmethyl-diazépam N.D
acyclovir 2.0
flucytosine 2.5
métronidazole 3.0
azothioprine 4.4
ceftazidime 4.5
céfotaxime 8.0
thalidomide 10.6
ciprofloxacine 16.3

N.D = Not Detected
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: Curves of thalidomide stability

( a ) plasma extracts at different temperature conditions.

( b ) in different pH conditions of agqueous buffer.
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FIGURE 4 : Plasma levels of thalidomide with time following
single dose oral administration ( 100 mg ) in
patient I, and at steady-state ( 100 mg/24 h) in
patient II.

Table 3 , 1lists the retention times of different drugs
potentially administered to patients receiving thalidomide.
Most were not detected, and no interferences appeared when
peaks occurred on chromatograms. Their retention times were
sufficiently different from those of thalidomide and I.S. to
preclude any chromatographic interference.

Stabilit

Several authors reported an hydrolysis of thalidomide in
aqueous medium at pH > 7 ( 10, 12, 14 ). We have investigated
the influence of both temperature and pH on its stability.
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Thalidomide and ciprofloxacin ( I.S ) were stable in stock
solutions for at least a week in the refrigerator. A good
stability was observed for at least 6 h at + 4°C and 1 h at
25°C in plasma samples ( 1.0 mg/l ).( Figure 3 a ).

No significant degradation was observed at 10 mg/l in agqueous
buffer at pH 5 and kept at 25 °C. Instability appeared at pH 7

and increased in alcaline conditions ( Figure 3 b ).
Thalidomide stability was verified in both 0.066M phosphate

buffer ( pH 7.4 ) and H.P.L.C injection solvent for at least 25
min. and 12 h, respectively.

Pharmacokinetic application

The applicability of this assay was examined in a preliminary
pharmacokinetic study in erythema nodosum leprosum patients.

The plasma concentration-time curves of thalidomide are shown
in figure 4. From the results of this preliminary study, it
appears that this method would be suitable in plasma drug
monitoring of both E.N.L patients and bone marrow recipients
suffering of graft-versus-host-disease ( GVHD ).

CONCLUSTON

The H.P.L.C assay described here showed good reproductibility,
accuracy and selectivity. It is sufficently sensitive and
suitable to be used in pharmacokinetic studies, and
therapeutic drug monitoring.

Acknowledgements : The authors greatly acknowledged both
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ABSTRACT

The effect played on ion-interaction chromatographic retention
by the concentrations of the organic modifier and of the ion-interaction
reagent as a function of the ionic strength is studied.

Experiments are performed for a series of analytes characterized
by different chemical properties (nitrate, nitrite, iodide, ascorbic, orotic
and p-aminobenzoic acids, aniline, benzylamine, p- and m-
aminophenol) in the absence and in the presence of organic modifiers
(acetonitrile and methanol) and of sodium perchlorate to control the
ionic strength (1= 1.0 M).

311
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Concentrations of the ion-interaction reagent (octylammonium o-
phosphate) ranging between 1.0 and 60.0 mM and of the organic
modifier (methanol and acetonitrile) ranging between 0 and 45% are
considered.

Retention interdependence on the concentrations of ion-
interaction reagent and of the methanol in the mobile phase is also
studied.

The results are discussed and compared with literature data and
the relevant role played on the retention by ionic strength is underlined.

INTRODUCTION

Many reversed-phase HPLC methods make use, in order to
improve the chromatographic response, of ion-interaction reagents
added to the mobile phase. The ion-interaction reagent forms with
the analyte a ion-pair which, due to the increased lipophilic properties,
is retained onto the reversed-phase surface; this process does not
necessarily involve a modification of the stationary phase surface.

According to other hypotheses, the interaction reagent contained
in the mobile phase is adsorbed onto the surface of the stationary
phase through adsorption and electrostatic forces, giving rise to an
electrical double-layer (1-4). The interaction properties of the originary
reversed-phase packing material are therefore modified.

These techniques are generally refered as ion-interaction or ion-
pair chromatography and they all make use of a reversed-phase
stationary phase. As concems the choice of the mobile phase, most of
the methods utilize an organic-aqueous mixture which contains the
interaction reagent, whilst a few others (5-8) make use of an aqueous
solution of the interaction reagent.

Previous results obtained in this laboratory with mobile phases
formed by aqueous solutions of different interaction reagents were in
agreement with the hypothesis of a dynamic modification induced by
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the flowing interaction reagent on the surface of the stationary phase. It
can be anyway supposed that this modification does not involve the
whole surface of the stationary phase (9-11).Two kinds of retention
sites (12,13) therefore can simultaneously be present on the surface,
namely conventional reversed-phase adsorption and ion-interaction
sites produced in the dynamic modification.

The predominance in the retention process of the solute of ion-
mteraction or adsorption mechanism can be correlated (12) with the
double-layer electrical potential and, through the Stahlberg equation
(3), with the concentration of the ion-interaction reagent, in agreement
with models recently proposed (14) by Zou and coworkers. Also the
concentration of the organic modifier in the mobile phase plays an
important role, due to the competition of the organic solvent for the
column surface (15-18). Literature results, mostly obtained for
aqueous-organic mobile phases, generally agree in observing a
retention decrease when the concentration of the organic modifier in
the mobile phase increases. Different behaviours were on the contrary
observed as concerns the dependence of retention on the concentration
of the interaction reagent.

In order to lead a further contribution in this study, in the present
paper a systematic study is carried out about the retention dependence
on organic modifier and ion-interaction reagent concentration. In order
to separately investigate on the effects of the factors, the use of
aqueous and  hydro-organic = mobile-phases is  compared.
Octylammonium o-phosphate at pH 6.4 is used as the interaction-
reagent in a very wide concentration range (between 1.0 and 60.0 mM).
The effect of ionic strength is also investigated, by comparing two
series of experiments performed with and without the correction for
constant ionic strength. Taking into account that also the chemical
properties of the analytes can play a role, analytes characterized by
different chemical propertics were chosen and namely: nitrate, iodide,
nitrite, ascorbic acid, orotic acid, aniline, benzylamine, phenylurea,
ethylenethiourea, 1,4-amunobenzoic acid, 1,4-amino- and 1,3-amino-
phenol.
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MATERIALS

Apparatus

Analyses were carried out with a Merck-Hitachi Lichrograph
chromatograph Model L-6200, equipped with a two-channel model D-
2500 Chromato-integrator, interfaced with a UV-Vis detector model L-
4200 and a L-3720 conductivity detector of the same firm.

A Metrohom 654 pH-meter equipped with a combined glass-
calomel electrode was employed for pH measurements and a Hitachi
mod.150-20 spectrophotometer for absorbance measurements.

Chemicals and Reagents.

Ultrapure water from Millipore Milli-Q was used for the
preparation of solutions. Octylamine and orotic acid were Fluka
analytical grade chemical and sodium nitrate, sodium nitrite, sodium
iodide, ascorbic acid, aniline, benzylamine, phenylurea and
ethylenthiourca were Merck analytical grade chemicals. Ortho-
phosphoric acid was C.Erba chemical.

METHODS

1 hi fitions. Proced

A 5 um ODS-2 Spherisorb Phase Separation column fully end-
capped and with a carbon load of 12% (0.5 mM/g) was used, together
with a guard pre-column Lichrospher RP-18 (5 um).

The solutions to be used as the mobile phase were prepared by
adding the amount of o-phosphoric acid required to obtain the desired
pH value to the amount of octylamine and of organic solvent needed to
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prepare the prefixed concentrations. The pH value so obtained in
aqueous-organic solution is also reported as an "operational”" pH value
(19). The same procedure was followed for the preparations of
solution at controlled ionic strength. A constant I =0.10 M ionic
strength was realized, for addition of sodium perchlorate, which does
not absorb at the used wavelengths.

The chromatographic system was conditioned by passing the
eluent through the column until a stable baseline signal was obtained; a
minimum of 1 hour was necessary. The use of a premixed water-
organic eluent flowing in isocratic conditions permitted to achieve
shorter equilibration times. Between the uses of different mobile phases
and after use, the stationary phase was washed by flowing water (1.0
ml/min for 15 min) and then a 50/50 v/v  water/methanol or
water/acetonitrile mixture (1.0 ml/min for 15 min).

Dead times were evaluated for each series of experiments
through injections of NaNO3 solutions ( 20 ppm) and conductometric
detection of the unretained Na™.

Spectrophotometric detection at 230 nm was employed.

RESULTS AND DISCUSSION

Effect of . 5if .

Table I reports the capacity factors &' obtained for the analytes
investigated at different concentrations of methanol and acetonitrile.
For both the solvents was observed a retention decrease which follows
an exponential shape which could be fitted (correlation coefficient 72
always >0.95) by the mathematical function y = 4 e kx. Figure 1
reports the plots of the natural logarithms of the capacity factors as a
function of the per cent concentration of methanol (figure 1A ) and
acetonitrile (figure 1B), which were fitted by straight lines.

The observed decrease in retention can be ascribed, besides to
the increasing solvent eluotropic strength with the increasing organic
concentration, to the effect played by the organic modifier on the
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TABLE 1

Capacity factors as a function of organic modifier % concentration.
Stationary phase:Phase Separation ODS-2 Spherisorb 5 um endcapped.
Ton-interaction reagent: octylammonium o-phosphate 5.0 mM pH 6.4
Spectrophotometric detection:230 nm.

Flow-rate 0.7 ml/min and 1.5 mi/min for phenylurea and aniline.

METHANOL
Analyte

MeOH conc. 0% 5% 10% 15% 25% 35% 45%
Todide 6.29 4.75 3.36 2.67 1.85 1.28 0.79
Nitrate 5.12 3.53 2.67 221 1.62 1.32 072
Nitnite 324 2.61 2.10 1.84 1.44 1.02 069
Ascorbic Acid 3.84 329 1.93 173 1.22 0.84 039
Benzylamine 0.72 057 047 0.34 0.25 0.24 ik
Ethylenethiourea 0.84 0.58 0.43 0.38 0.25 0.21 il
Phenyiurea 14 38 10.75 6.24 462 2.40 1.38 il
Aniline 14.25 7.16 5.07 380 2.44 1.58 bl
ACETONITRILE
Analyte

ACN conc. 0% 5% 10% 15% 25%

Iodide 6.29 3.65 2.80 1.76 0.68
Nitrate 5.12 2.60 1.92 128 044
Nitrite 3.24 193 1.57 1.04 0.37
Ascorbic Acid 384 1.65 114 079 032
Benzylamine 0.72 038 0.37 034 *xx
Ethylenethiourea 0.84 047 0.38 034 ¥k
Phenvlurea 14 88 6.58 385 2.30 0.89
Aniline 14.23 583 428 3.22 1.73

capacity of the modified surface of the stationary-phase, due to the
competition which takes place for the surface itself between the
organic modifier and the ion-interaction reagent.

Since the results of table I and figure 1 do not show any easy
correlation between retention and chemical properties of the analytes
investigated, the observed retention decrease could likely be ascribed
more to the varied interaction properties of the moiety adsorbed onto
the surface than to the analyte characteristic properties.
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FIGURE 1 In of capacity factor as a function of organic modifier % concentration:

A-methanol, B-acetonitrile.

Stationary phase: Phase Separation ODS-2 Spherisorb Sum endcapped.
Ion-interaction reagent: octylammonium o-phosphate 5.0 mM pH 6.4.
Spectrophotometric detection 230 nm. Flow-rate 0.7 ml/min and 1.5
ml/min for phenylurea and aniline.

Analyte: A -iodide; @ -nitrate; Q -nitrite; ¥ -ascorbic acid;

- A\ benzylamine; @ - aniline; D -ethylenethiourea;

Jl -phenylurea.
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Eff f ion-i . .

A general disagreement is reported in literature as concemns the
retention dependence on ion-interaction concentration. The retention
dependence on ion-interaction concentration was shown (9,20-22) to
be a function of the charge of the analyte, which in turn can affect the
double-layer electrical potential. It follows that with increasing ion-
interaction reagent concentration, a retention decrease can be observed
when the charges of the analyte and of the ion-pairing agent are of the
same sign (2), no retention dependence for uncharged analytes (9,22)
and a retention increase when the charges of ion-pairing and solutes are
of different sign (9,22).

When retention increases with the ion-interaction reagent
concentration, different behaviours were observed and namely: a linear
increase (21,23), a shape which reaches a plateau (24,28) or a
parabolic dependence (5,9,11,29-35).

In order to consider the effect of the concentration of the ion-
interaction reagent independently on the concentration of the organic
solvent, we carried out this study by using as the mobile phase an
aqueous solution of the interaction reagent.Furthermore, to study the
retention behaviour in the most general conditions, a wide
concentration range (between 1.0 and 60.0 mM) of the ion-interaction
reagent and analytes characterized by different chemical properties
were considered.

The capacity factors obtained are plotted in figure 2 as a
function of the ion-interaction reagent concentration. Generally (a part
p-aminophenol and benzylamine which show a small retention
decrease with the increase of the ion-interaction reagent concentration)
the shape of the capacity factors vs. concentration shows a maximum,
whose entity and position varies for the different analytes investigated.

The comparison of our results with literature data show that the
behaviour here obtained with aqueous mobile phase is comparable
with the data obtained with hydro-organic mobile phases and, more
mportant point, that the literature disagreement is only apparent,
because it depends on the range of concentration explored. The



ORGANIC MODIFIER AND INTERACTION REAGENT 319

15.0
12.5
10.0 -
K’ 7.5

5.0

2.5 4

0.0 T T T T T
0 10 20 30 40 50 60

IR concentration (mM)

FIGURE 2 Capacity factor as a function of ion-interaction reagent (IIR)
concentration.
Chromatographic conditions as 1 figure 1.
Analyte: 4 -iodide; @ -nitrate; QO -nitrite; X _ascorbic acid,
- A benzylamine; @@-aniline, p-aminophenol;
<> -m-aminophenol: ) p-aminobenzoic acid; —@- orotic acid.

complete behaviour follows in fact a parabolic shape and the other
dependencies experimentally observed (21, 24-28) hold only for
narrow concentration ranges.

The portion of the curve to the left of the maximum can be easily
explained, in agreement with literature: the stationary phase surface is
becoming more ionogenic due to the adsorption of hetaerons onto the
surface and the overall energy increases due to ion-ion interactions. A
maximum of retention is then reached in correspondence of the surface
capacity (maximum adsorption capability) of the stationary phase.
Since retention also depends on the chemical properties of analytes
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and on their ability to form ion-pairs, the parabolic shapes are different
for the different analytes.

The problem with all the existing theories seems to lie to the
right of the curve maximum, also observed for bare-silica (35) and
polymer-based (17,29) stationary-phases. =~ Why the decrease in
retention?

Decrease has been ascribed to the formation in the mobile phase
of micelles and to the taking place of competitive adsorption reactions
when the concentration of the interaction reagent exceeds the critical
micelle concentration (11,30,31). But if retention depended on the
critical micelle concentration, the retention dependence for the same
chromatographic conditions would have to be similar for all the
analytes (36) and the maximum of retention would correspond to the
critical micellar concentration (CMC) value of the interaction reagent
(40). These conditions are not verified for the data reported in figure
2. As concerns the CMC range, literature does not report the value for
octylammonium ortho-phosphate but the CMC for octylammonium
chloride (37) is available and equal to 90 mM, which is a very higher
concentration than those at which we observe the maxima of retention
(5-10 mM).

Another hypothesis ascribes the retention decrease to the
increase of counter-ion concentration (29,34,36). Counter-ions can
exert a shielding effect towards the accessibility for the analytes to the
stationary-phase surface and can also remarkably affect the double-
layer potential. In agreement with this suggestion, phosphate
concentration, which in our experiments increases with the increasing
octylammonium concentration, could be responsible for these effects.

It must be anyway taken into consideration that in the above
experimental conditions, in which the ion-interaction reagent
concentration varies from 1.0 to 60.0 mM, the total ionic strength of the
mobile phase remarkably varies. In order to venfy if the retention
behaviour as a function of the ion-interaction reagent concentration
and in particular if the retention decrease observed for the higher
concentrations could depend on the ionic strength variations, a series of
experiments (below reported) was also performed, in which the total
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ionic strength in the mobile phase was kept constant (at concentration
of 0.10 M) for addition of sodium perchlorate.

The effect of i . lifi . i .
i i he jon-i . .

In order to collect further information about the roles played on
the retention by the ion-interaction reagent and the organic modifier
concentrations, three new series of experiments were performed for
concentrations of octylammonium phosphate ranging between 3.0 and
25.0 mM, at prefixed methanol concentrations of 5, 15 and 45%.
The values obtained for the capacity factors are presented in table III
and in figures 3 and 4. The shapes clearly show as the retention
dependence on the ion-interaction concentration also depends on the
methano] concentration, as on the other hand theorectically predicted
by Horvath (5). The following considerations can be drawn out. A
decrease in the curve maxima universally occurs upon the addition of
organic modifier.Then, the shape of the curves about the maxima
becomes sharper and more pronounced , even while the overall &’
values decrease from neat aqueous solutions. Moreover, for some ions
(nitnite, mtrate, iodide) the maxima of the curve shift to the left (lower
ion-interaction concentration) with increasing organic, while for
phenylurea and ascorbic acid the maxima remain approximately
constant. Aniline shifts left but to an intermediate degree. In all the
instances, the retention of ionic solutes with the increasing of hetaeron
concentration, initially rises, reaches a maximum and then falls.

The decrease of the dielectric constant induced by the
mcreasing of the organic content will reduce the surface concentration
of hetaerons with the resulting loss in retention. In agreement, the
hydrophobic portions of solute molecules will diminish in retention,
resulting in more pronounced slopes for the hydrophobic ions with
respect to the harder inorganic ions. The trend is evident in figure 3 and
4 where the 1odide, nitrate and nitrite ions decrease by ca. 30-50% from
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TABLE 11

Capacity factor as a function of ion-interaction reagent concentration.
Stationary phase: Phase Separation ODS-2 Spherisorb 5 um endcapped.
lon-interaction reagent: 5.0 mM octylammonium o-phosphate pH 6.4.
Spectrophotometric detection: 230 nm. Flow-rate 0.7 ml/min.

ion-interaction reagent concentration

Analyte 1.0 mM 5.0 mM 10.0 mM | 30.0 mM | 60.6 mM
Iodide 3.95 6.29 947 879 7.50
Nitrate 3.46 5.12 6.98 5.43 4.16
Nitrite 2.63 3.24 393 2.58 1.86
Ascorbic acid 2.90 3.84 4.20 3.71 3.09
Benzylamine 1.28 0.72 0.64 0.26 0.14
Aniline 13.83 14.23 13.51 875 6.29
p-aminophenol 2.04 1.56 167 093 0.63
m-aminophenol 3.97 4.93 587 5.03 4.43
p-aminobernzoic acid 10.89 12.67 12,89 727 3.59
[ Orotic Acid [ wos [ 1107 10.93 4.26 1838 |
TABLE 111

Capacity factor as a function of ion-interaction and methanol concentration.
Ion-interaction reagent. 5 0 mM octylammonium o-phosphate pH 6.4
Stationary phase: Phase Separation ODS-2 Spherisorb Sum endcapped
Spectrophotometric detection 230 nm

Flow-rate 0.7 m/min,  for phenylurea and aniline 1.5 ml/min.

Analyte 5% 15% 45% 5% 15% | 45% 5% 15% 45% 5% 15% 45%
3mM |[3oM |3omM |[SoM | SmM [SmM | 10mM | 10 mM | 10mM | 25mM [ 25mM | 25 mM

Todide 3.39 2.16 0.51 4.67 262 0.77 4.15 2.60 0.82 5.01 2.59 0384
Nitrite 2.17 163 047 2.56 1.80 067 264 1.64 0.73 2.02 141 0.72
Nitrate 278 180 0.50 3.67 217 070 329 2.12 0.77 3.18 207 078
Ascorbic acid 2.20 151 0.44 261 1.70 0.57 2.68 1.46 064 177 121 0.64
Phenylurea 969 453 0.99 | 10.02 427 b 9.00 461 0.95 939 472 096

Aniline 781 429 121 7.16 380 b 6.46 378 1.15 548 331 .08
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FIGURE 3 Capacity factor as a function of ion-interaction reagent (1IR)
concentration for different methanol % concentrations.
Chromatographic conditions as in Fig.1.

Analytes: iodide, nitrate and nitrite.
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FIGURE 4 Capacity factor as a function of ion-interaction reagent (IIR)
concentration for different methanol % concentrations.
Chromatographic conditions as in Fig. 1.

Analytes: aniline, phenylurea and ascorbic acid.
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0 to 55% of methanol, while the bulkier ions decrease by 50% or more
from 5 to 10% of methanol.

Here again, a decreasing retention to the right of the maximum
for the curves of figures 3 and 4 can be observed.

The curves are progressively flatting with the increasing
methanol concentration and for the highest methanol concentrations
investigated, the retention is practically independent on ion-interaction
reagent concentration.

The effect of the ionic strength on the retention dependence on _the

ion-interaction concentration.

On the basis of the above considerations, a series of experiments
were performed at constant ionic strength I (I= 0.10 M for sodium
perchlorate). The results obtained for concentration of octylammonium
o-phosphate ranging between 2 and 60 mM, are reported in table IV
and in figure 5. It must be said that in general the presence of
sodium perchlorate strongly decreases the retention and this can be
explained through a shielding effect which the added electrolyte exerts
towards the accessibility for the solute of the active sites present on
the stationary-phase surface. The general decrease of retention did not

TABLE 1V

Capacity factor as a function of ion-interaction reagent concentration, at
constant ionic strength 0.10 M ( NaClOg4)

Stationary phase: Phase Separation ODS-2 Spherisorb 5 um, endcapped
Ion-interaction reagent: 5 0 mM Octylammonium o-phosphate, pH=6.4
Spectrophotometric detection 230 nm. Flow-rate: 0 7 ml/mun.

ion-interaction reagent concentration

]
Analyte 20mM | 5.0mM | 10 mM | 30 Mm | 406 mM | 50 mM | 60 mM
Todide 0.34 086 1.01 1.29 1.39 1.24 136 {
Nitrate 022 096 1.16 1.44 1.49 130 132
Nitrite - 1022 0.66 0.77 0.89 090 078 0.78
Ascorbic acid | 022 049 053 Q.55 050 050 049
Aniline 1081 10.24 8 66 693 674 546 545

Orotic Acid 054 1.26 119 0389 086 065 063
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FIGURE 5 Capacity factor as a function of ion-interaction reagent (IIR)
concentration at constant ionic strength I=0.10 M for NaClO4.
Chromatographic conditions and symbols as in figures 1 and 2.
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allow us to investigate all the analytes before considered, because some
of them, under the experimental conditions used, do not show
appreciable retention times. The retention decrease due to the addition
of the electrolyte ranges between 50% and 79% for nitrate, iodide,
nitrite, orotic and ascorbic acids, while is very lower (maximum 20%)
for aniline. This may be due to the more lipophilic properties of aniline
and to the predominance in the retention process of partition
mechanism with respect to ion-interaction mechanism.

As concerns the dependence of the retention on the ion-
interaction concentration, nitrite, nitrate, iodide and ascorbic acid show
an initial increase and then a plateau behaviour. On the contrary orotic
acid and aniline show a characteristic and similar shape with the
presence of two different maxima and a general decrease in the curve

. to the right of the major maximum.

As a result, the retention decrease observed for the higher ion-
interaction reagent concentrations (table II, figure 2) can be ascribed to
the uncontrolled ionic strength only as concemns the behaviour of the
more hydrophilic ions. The addition of the electrolyte seems on the
contrary not to significantly affect the behaviour of the more lipophilic
species, such as aniline and orotic acid. A different retention
mechanism, in which adsorption forces predominate on electrostatic
ones, could perhaps be hypothesized for these species.
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VALIDATION OF AN HPLC METHOD FOR
THE DETERMINATION OF SODIUM IN LY293111
SODIUM, A NOVEL LTB, RECEPTOR
ANTAGONIST, USING EVAPORATIVE
LIGHT SCATTERING DETECTION

JEFFREY A. PETERSON AND DONALD S. RISLEY
Pharmaceutical Sciences Division
Lilly Research Laboratories
Eli Lilly and Company
Indianapolis, Indiana 46225

ABSTRACT

Analysis of inorganic ions such as sodium or chloride in pharmaceutical
compounds has traditionally employed ion-chromatography (IC) with
conductivity detection. A new quantitative method for the determination of
sodium in LY293111 sodium, a novel LTB4 receptor antagonist, using high
performance liquid chromatography (HPLC) with evaporative light scattering
detection (ELSD) is discussed. The separation of sodium from other ions and
interferences was achieved using a Zorbax 300 SCX cation-exchange column
suitable for use with organic solvents. Acceptable levels of precision, linearity,
recovery, selectivity and limit of detection were achieved during the validation of
the method. The results of this method were within 99.8% agreement when
compared to the theoretical amount of sodium in LY293111 sodium. HPLC
coupled with evaporative light scattering detection offers a practical alternative to
IC using conductivity detection in pharmaceutical compounds.
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INTRODUCTION

Pharmaceutical drug candidates are often synthesized as salts in order to
increase the aqueous solubility or stability of the drug. The most common
pharmaceutical salt forms are sodium salts of acids and hydrochloride salts of
amines.! Quantitation of inorganic counter-ions is necessary to determine the
overall purity of a drug substance. Traditionally, the analysis of pharmaceutical
counter-ions has been performed on ion-chromatography (IC) systems which
employ conductivity detection. IC systems are generally dedicated for the
analysis of ions and are not practical for use with other reversed-phase or normal
phase pharmaceutical applications. This paper focuses on a new approach for the
quantitation of inorganic counter-ions which utilizes existing HPLC systems
common in the pharmaceutical laboratory with ELSD.

Recently, ELSD has been introduced commercially and has gained
acceptance as a sensitive universal detector.2-3 ELSD operates by nebulizing the
volatile effluent from the HPLC column into a fine mist. The mist is carried
through a heated drift tube which evaporates the mobile phase and leaves behind
non-volatile solute particles. The fine cloud of solute particles is carried at a high
speed through a beam of light where the scattered light is detected by a
photomutiplier. The amount of light scattered is dependent upon the size and
number of particles and therefore proportional to the concentration. The mobile
phase used with ELSD must be free of non-volatiles which would be detected by
the ELSD thus limiting its use for some traditional applications of ion-
exchange/ion-pairing chromatography. However, we have developed a new
quantitative HPLC method for the determination of sodium using ELSD with
ammonium acetate, a volatile buffer salt.

ELSD has been shown in the literature to successfully detect
phospholipids,4¥ triglycerides, fats and fatty acid esters,10-13 carbohydrates,14-13
synthetic polymers,!6 and steroids.17 Surprisingly, no information has been
published on ELSD for the determination of inoganic salts. The aim of this paper
is to show the applicability of an evaporative light scattering detector to
accurately detect sodium in a pharmacuetical compound. In this study LY293111
sodium, a novel LTBy4 receptor antagonist, will be used to validate a method for
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the quantitation of sodium. Experimental results will be compared to the
theoretical sodium amount to verify the accuracy of the method.

MATERIALS AND METHODS

hemical

Sodium chloride A.R. and acetic acid A.R. were purchased from EM
Science (Gibbstown, New Jersey). LY293111 Sodium lot 309MH3 was supplied
by Eli Lilly and Company (Indianapolis, IN). HPLC grade methanol and
ammonium acetate A.R. were purchased from Mallinckrodt (Paris, Kentucky).
Water used was deionized and filtered through a Milli-Q water purification
system (Millipore, New Bedford, MA). NF grade nitrogen was used for the
ELSD.

Apparatus
The HPLC system used for this study consisted of a Shimadzu SCL-10A

controller, LC-10AS pump, SIL-10A auto injector and a DGU-3A membrane
degasser (Shimadzu, Kyoto, Japan). A Sedex 45 evaporative light scattering
detector was used (Richard Scientific, Novato, CA). Sodium was separated on a
15 cm x 4.6 mm L.D. Zorbax 300 SCX cation-exchange column (Mac Mod
Analytical, Chads Ford, PA). A guard column was not used.

Chromatographic Conditions

Operating conditions for the Sedex ELSD were optimized prior to the
onset of the study. The conditions were optimized to obtain the greatest signal-
to-noise ratio. The optimum conditions were: nitrogen pressure in the ELSD
nebulizing chamber set at 14 psi and the temperature of the drift tube set at 25°C.
The gain control for the ELSD was set at 5.

The mobile phase comprised of 50% methanol /50% aqueous buffer. The
buffer was a 0.05 M ammonium acetate solution adjusted to pH 6.0 with acetic
acid. The mobile phase flow rate was set at 1.5 mL/min. The column
temperature for the Zorbax 300 SCX was ambient. Injection volume was 100 uL
and the run time was 500 seconds. All sample preparations were sonicated for
two minutes to completely dissolve the material.
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RESULT

The method for sodium determination was validated for the parameters of
linearity, precision, recovery, selectivity and limit of detection. The validation of
this method follows the general USP guidelines suggested for an HPLC
method.18

Linearity

It is usual practice to perform linearity determinations over a wide range
of sample concentrations to fully assess the linear dynamic range of the detection
system. The linearity of the method was determined by injecting 22 samples
which were serial dilutions from a stock solution of sodium chloride to locate the
working range. The samples represented a range of 0.0001-1.0 mg/mL sodium
concentration. The linear range of sodium was determined to be 0.1-1.0 mg/mL.
This range included ten standards and resulted in a correlation coefficient of
0.9997. The linear range represents 20-200% of the nominal target concentration
of 0.5 mg/mL.

Precision

The precision of this method was evaluated in two ways. First, ten
replicate injections of the same sample were injected to determine the
reproducibility of the method apart from analyst error. Second, ten separate
preparations were injected singly to determine the overall precision of the
method. 12.5 mg/mL solutions of LY293111 sodium diluted with mobile phase
were prepared. LY293111 sodium contains approximately 4% sodium making
the actual sodium concentration near the target nominal concentration of 0.5
mg/mL. The samples were then sonicated for 2 minutes until all the material was
in solution. The samples were run against a five point standard curve (0.3-0.8
mg/mL) made from sodium chloride. The results indicated 1.5% RSD for ten
replicate injections and 1.3% RSD for ten separate preparations. See Figure 1 for
a typical sample chromatogram.

lectivi

As part of the USP guidelines for validation, a method must be proven to
be selective for the analyte of interest. For this method selectivity was assessed
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FIGURE 1. Typical sample chromatogram.

by separating sodium from all interfering peaks including LY293111 and similar
monovalent jions such as potassium and lithium. The retention times of sodium,
lithium, potassium, chloride and LY293111 are 350, 260, 440, 70, and 80 seconds
respectively. Chromatograms of a blank, standard and sample are shown in
Figure 2.

Recovery

Recovery was determined by a standard addition technique whereby ten
separate preparations of LY293111 sodium containing approximately 0.4 mg/mL
sodium were spiked with an additional 0.2 mg/mL sodium from a stock solution
of sodium chloride. The ten samples were run against a standard curve consisting
of five standard solutions in the range 0.3-0.8 mg/mL.. The average percent
recovery for the ten preparations was 104.5%.

Limit of Detection (LOD
The LOD is defined as the lowest concentration of sample that can be
clearly detected above the baseline noise. Typically this value is three times the




RESPONSE  (MILLIVOLTS)

336 PETERSON AND RISLEY

2660

<--LY293111
2390
2120+ <--S00IUM
1850 -
c
1580 - -
<~--S00IUM
1310+ <=--CHLORIDE n
1040 :_
B
7704 r
5004 F
230 F
A F
-40 -1 T T T T T T T
[} 50 100 150 0 250 300 350 400 450 500
TIME (SECONDS)

FIGURE 2. Chromatograms of a blank (A), standard (B) and a sample (C).

level of baseline noise. For this method the limit of detection was determined to
be 0.0025 mg/mL. However, the limit of detection could be a much lower if a
higher gain setting was used on the Sedex detector. The gain for this method is 5
and the gain can be adjusted to 12 for maximum sensitivity.

Theoretical Comparison
The results from ten separate preparations yielded a value of 4.05%
sodium in LY293111 sodium. The theoretical amount of sodium in LY293111

sodium is 4.06%. Comparison of these results show the experimental results
agree within 99.8% of the theoretical amount.

DI ION

The applicability of a commercial evaporative light scattering detector for
the analysis of sodium in a pharmaceutical compound has been demonstrated.
The validation of this assay demonstrates that ELSD is an effective and practical



SODIUM IN LY293111 337

alternative to ion-chromatography with conductivity detection. The competitive
nature of the pharmaceutical industry forces companies to analyze potential drug
candidates in a quick, inexpensive manner in order to save time and conserve
resources. ELSD provides a cost effective way of quickly determining the levels
of ions in pharmaceutical compounds. Since ELSD is capable of detecting many
types of solutes other than just ions, the versatility of an ELSD provides a
practical tool for an analytical chemist . The cost savings of buying an ELSD and
using existing HPLC equipment versus buying a dedicated IC system is
substantial.

The practicality of this method should not be limited to only
pharmaceutical compounds. This method has also been shown to determine
sodium levels in various liquid forms such as beverages or other solutions. The
intention of this paper is to propose the use of ELSD as an effective alternative
for the determination of any inorganic salt for various applications. Our paper
has shown the validity of ELSD for the determination of sodium in a
pharmaceutical compound; however, other ions, such as chloride or other anions,
may be quantitated with ELSD as well.
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ABSTRACT

A microassay for the simultaneous determination of alfentanil, fentanil and sufentanil by high
performance liquid chromatography with ultraviolet detection in plasma and urine samples from newborn
babies is reported. The HPLC analysis was performed with a commercially available 4 um particle size
reverse phase Waters Nova pak Cyano Column (8mm x 100 mm dimensions), guard pak cyano cartridges
and a UV/VIS detector at 214 nm. Each run was completed within 10 min. The detection limits for the
analysis were 0.15 ng, 0.12 ng and 0.25 ng for alfentanil, fentanil, and sufentanil, respectively with 50
ul injection. The respective retention times were 5.78 + 0.29, 6.56 + 0.32, and 7.08 + 0.15 minutes
for alfentanil, fentanil, and sufentanil. Applicability of this technique was evaluated in 6 newborn babies
receiving constant 1. V. infusion of fentanyl at 3.0 microgram/kg/h. Their plasma fentanyl concentrations
were 3.04 + 0.44 ug/L which correlated with adequate pain control. Microassay is relatively simple,
rapid and precise and would be useful for therapeutic drug monitoring of these drugs in the newborn or
in cases of limited sample volume.

INTRODUCTION
Fentanil, alfentanil, and sufentanil are semisynthetic opioid analgesics that are widely used as
post-operative analgesics and as sedatives for patients requiring mechanical ventilation. They are also
being used as premedications for surgery and other painful procedures. Clinically, these agents are well

accepted as analgesics due to their high efficacy and safety margin. Alfentanil, fentanil, and sufentanil
339
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provide adequate analgesia when administered intramuscularly or intravenously. These drugs exhibit
important pharmacokinetic and pharmacodynamic differences in potency and rate of equilibrium between
the plasma and the site of drug action.

Several chromatographic techniques, either for the single analysis of fentanil or the simuitaneous
analysis of fentanil and alfentanil or fentanil and sufentanil, have been previously reported (15,16).
However, no studies have been performed, thus far, on the simultaneous analysis of these opiates in
plasma and urine samples. Sensitive and selective assays for the determination of small concentrations
of these analgesics in human plasma, urine and tissue samples utilized either radioassays (1,2),
radioimmunoassay (3-6), gas liquid chromatography (7-11), thin layer chromatography (12), infrared and
nuclear magnetic resonance (13,14) and high performance liquid chromatography with ultraviolet
detection (15,16).

Radioassays, although very sensitive, are not suitable for routine monitoring of these drugs in
patients because they require the use of radioactively labelled drugs. The RIA methods are very sensitive
and sufficiently selective, but they are expensive and commercial anti-serum is not always available.
Antisera have been prepared for each of the three drugs that show little cross-reactivity for the other
fentanyl derivatives and known metabolites.

Among the chromatographic techniques commonly used, thin layer chromatography is simple but
usually lacks sensitivity and selectivity, whereas gas chromatography, though more specific and reliable,
is time-consuming because it usually requires derivatization of the opiates. Therefore, high performance
liquid chromatography is the technique usually preferred due to its specificity, sensitivity and reliability.

These analgesics are increasingly used at present to provide relief from pain during anaesthesia
in newborn infants although the methods available for pain measurement are limited. An analytical
method with the sensitivity necessary to detect, quantitate and separate these drugs at the therapeutic
concentrations are, therefore, extremely desirable. The widespread use of these potent drugs (alfentanil,
fentanil and sufentanil) has created a need for chromatographic techniques to identify and quantitate low
levels of these compounds in biological fluids. Due to the low levels being monitored, the method of
detection must be free of endogenous interference or external contamination. This assay has been shown

to be useful for therapeutic drug monitoring of these drugs in plasma and urine samples.
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MATERIALS AND METHODS

Apparatus

The chromatographic separation was carried out at room temperature with a high-resolution on
liquid chromatograph consisting of a Waters HPLC system model 510 HPLC pump, Waters 715
Ultrawisp autosampler, a Waters 994 UV-VIS detector with a variable wavelength. Peak height
measurements of the drugs were integrated on a Waters model 820 integrator plotter. The separation
column was a Nova pak reverse phase cyano column 8 mm x 100 mm (dimensions), with 4 pm particle
size (Waters). PH-M-82 standard Ph meter, IEC centra-8R centrifuge, concentrator-Jouan RC 1010.
Reagents and Solutions

All chemicals used were of analytical grade unless otherwise stated. Sodium dihydrogen
orthophosphate, sodium monobasic, orthophosphoric acid, sodium hydroxide, ammonium hydroxide
(analytical grade), acetonitrile and N-Hexane (HPLC grade) were obtained from B.D.H. (Pooled, U.K.).
Sigmacote (silanising reagent) and fentanil citrate were supplied by Sigma Chemical Company (U.S.A.).
Alfentanil-Hydrochloride and sufentanil citrate were purchased from Janssen Pharmaceuticals, Belgium.
Only HPLC-grade de-ionized water was used. The 15 ml screw cap culture tubes used were silanized
prior to use to avoid drug adsorption on glass and all the glassware was rinsed prior to use with ethanol
to remove substances interfering with chromatographic analysis.

The mobile phase consisted of a mixture of acetonitrile, phosphate buffer SmM (Ph - 3.2) (70:30
V/V). The mobile phase was always filtered through a 0.45 um filter and degassed under suction. Stock
solutions of fentanil (50 pg/ml), alfentanil (500 pg/ml) and sufentanil (50 pg/ml) were prepared by
dissolving appropriate amounts of the drugs in water. All stock solutions were stored at room
temperature and were protected from prolonged exposure to light. These were used as a stock solution
for the preparation of assay standards by serial dilution with plasma.
Plasma Samples and Patient Population

Drug free venous blood samples (1-2 ml) were collected from healthy human subjects receiving
no medication. In addition, arterial blood samples (0.2 ml) taken from umbilical artery catheters were
obtained from newborn infants receiving continuous intravenous infusion of fentanyl at 3.0

microgram/kg/h. Their birth weights (grams) and postnatal ages (days) were 3.8 + 0.40 kg and 24
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days, respectively. Blood was collected into plastic tubes containing lithium heparin and centrifuged to
10 minutes at 3000 rpm. Plasma was separated and stored at -80°C until the time of analysis.
Chromatographic Conditions

The chromatographic analysis was performed under isocratic conditions and at ambient
temperatures, with the detector set at 214 nm with a sensitivity of 0.01 or 0.02 absorbance units (AUFS).
The mobile phase was a mixture of acetonitrile, phosphate buffer 5mM, Ph - 3.2 (70:30 V/V). The flow
rate was 2.5 ml/min with a pressure of 1200 psi and the run time less than 10 minutes.
Extraction Procedure

To 0.05 ml of standards or samples (plasma, urine) were pipetted into culture tubes containing
0.05 ml 4N NaoH, 0.1 ml acetonitrile and 500 ul of extraction solvent (n-Hexane). The mixture was
vortexed for 30 seconds. All samples were centrifuged at 2000 rpm for 5 minutes. The organic phase
was transferred into a glass tube and the solvent was evaporated under nitrogen at 30°C for about 10
minutes. The residue was reconstituted in 0.1 ml of the mobile phase and 50 pl injected into a column.

Calibration Curves for the Simultaneous Determination of Alfentanil, Fentanil, and Sufentanil in Standard

Solutions

Ten working standards of alfentanil, fentanil and sufentanil were prepared in distilled water. The
stock solutions were serially diluted with water by a factor of ten in 25 ml volumetric flasks for the
preparation of the working standards. The resulting concentrations of the solutions were 3.0 - 500 ng/ml
of the alfentanil free base, 2.5 - 150 ng/ml of the fentanil free base, and 5.0 - 200 ng/ml of the sufentanil
free base. Five replicate injections of each of these standard mixtures were made. The peak height of
alfentanil, fentanil and sufentanil were plotted separately as a function of the corresponding concentration
of each compound.
Determination of Alfentanil, Fentanil and Sufentanil in Human Plasma and Urine

A set of calibration curves were constructed for the blood plasma and urine samples using the
standard additions method. The samples were spiked with mixtures of alfentanil, fentanil and sufentanil
at the different concentration levels (0,2.5,5.0,10.0,25,50,100,200 ng/ml). The extracted samples were
used for HPLC analysis. Five replicate injections were made for each concentration level. The peak
height of alfentanil, fentanil and sufentanil were plotted against the corresponding concentration of the

drugs. The regression analysis shows good linear relationships between peak height and quantity of drug.
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RESULTS AND DISCUSSION

The present paper describes an HPLC method for the simultaneous determination of alfentanil,
fentanil and sufentanil in 50 ul blood plasma and urine samples. This method offers rapidity, very good
separation of the drugs, satisfactory sensitivity with ultraviolet detection and good precision and accuracy.
Using the described conditions, the analysis was completed within approximately 10 minutes with
complete separation of these three drugs as shown in Fig. 1. The resolution factor between adjacent
peaks was calculated and found to be 1.56 between alfentanil and fentanil and 1.04 between fentanil and
sufentanil.

In the method described here, the Nova pak cyano columns were found to be suitable. Nova pak

packing material has low surface activity (acidity) and is endcapped to minimize silanol interactions and
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Figure 1

Chromatogram of a mixture of alfentanil, fentanil and sufentanil standard (10 ng/ml, 5 ng/ml and 5
ng/ml, respectively).
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provide improved peak shape for basic molecules thereby reducing the need for mobile phase additives
such as amine modifiers.

At the retention times of alfentanil, fentanil and sufentanil, no interferences from endogenous

compounds were found in the chromatograms of extracted blood plasma and urine samples shown in Fig.
2 and 3. Since these opioids are usually used simultaneously with other drugs, the specificity for this
assay has been tested in the presence of those medications that are commonly administered to patients.
None of these medications - furosemide, morphine, calcium chloride, dobutamine, midazolam, ampicillin
sodium, gentamicin, cefotaxime, diazepam, phenytoin, pavulon, and vitamin K - interfered with our
method when they were added to blank plasma or urine samples.

Standard curves were linear and passed through the origin between the concentrations 3.0 - 500
ng/ml for alfentanil, 2.5 - 150 ng/ml for fentanil, and 5.0 - 200 ng/ml for sufentanil, respectively. The
respective correlation coefficients were 0.996, 0.994 and 0.997 for these drugs, which indicate high
precision. The lower limit of quantitation with a 50 ul sample size (injection) were 0.15 ng for alfentanil,
0.12 ng for fentanil, and 0.25 ng for sufentanil. The lower determination limits were 3.0 ng/ml, 2.5
ng/ml and 5.0 ng/ml for alfentanil, fentanil, and sufentanil, respectively. The retention times were 5.78
+ 0.29 minutes for alfentanil, 6.5 + 0.32 minutes for fentanil, and 7.08 + 0.15 minutes for sufentanil.
The recovery determined at various concentrations for plasma and urine samples was in the range of 85.0
+ 4.08, 83.3 + 3.84 and 78.2 + 2.89%, for alfentanil, fentanil, and sufentanil, respectively.

Replicate analyses were conducted on four different concentrations (10,25,50, and 100 ng/ml)
for each drug. Each concentration was replicated eight times under the same conditions in order to check
the reproducibility and precision of the method. Inter- and intra-assay precision was determined by
analysis of spiked samples on five consecutive days. Accuracy and reproducibility was calculated as the
percentage difference between amount of drug added to drug-free plasma and amount of drug measured
(Table 1). Coefficients of variation of the method were < 10%. The experimentally determined
concentrations agreed with the actual concentrations.

The proposed method is suitable for the simuitaneous determination of alfentanil, fentanil and
sufentanil in very small volumes of plasma and urine samples (50ul). The previously reported methods

for the simultaneous determination of these drugs were based on 1 ml plasma samples and required longer
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TABLE 1

Reproducibility, Precision and Accuracy of the Method

Drug Drug Drug Confidence Coefficient
Concentration | Concentration | Interval of
Injected Found 95% Variation
(ng/ml) (ng/ml) * CV) %
Alfentanil 10.0 8.90 + 0.39 8.70 - .10 4.50
25.0 254 + 0.55 25.16 - 25.65 2.17
50.0 49.9 + 1.30 49.91 - 50.05 2.60
100.0 99.8 + 1.50 99.68 - 99.83 1.50
Fentanil 10.0 9.75 + 0.65 9.73-9.77 6.62
25.0 25.9 + 0.78 25.85-25.94 2.99
50.0 48.4 + 2.41 48.3 - 48.5 4.98
100.0 100.3 + 0.96 | 100.3 - 100.4 0.95
Sufentanil 10.0 9.41 + 0.66 9.71-9.77 6.16
25.0 25.5 + 0.55 25.30 - 25.80 2.14
50.0 50.5 £ 0.15 50.26 - 50.33 1.30
100.0 100.2 + 0.80 | 100.16 - 100.24 | 0.80

* Values are expressed as mean + SD of 8 determinations. Volume injected was 50
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Chromatogram of fentanil from a newborn baby receiving a constant intravenous infusion of fentanil at
3.0 microgram/kg/hr. Fentanil concentration was 3.7 ng/ml.
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extraction procedures (15,16). Kumar et al (16) have reported extraction of fentanil and alfentanil at Ph-
3. However, as reported by Janicki et al (17) and supported by our own experiments, these drugs are
hydrolyzed in acidic solutions by cleavage of propionic acid, thus reducing the sensitivity of the method.

We have used the proposed technique for the therapeutic drug monitoring of fentanyl in small,
sick newborn babies receiving constant 1. V. infusion of fentanyl 3.0 microgram/kg/h (Fig. 4). Their
plasma fentanyl concentrations at these doses were 3.2 + 0.22 ng/ml corresponding to an adequate pain
control in these babies. We suggest that this microassay designed for the simultaneous determination of

fentanyl, alfentanil and sufentanil be used in newborn and children or whenever there is limited sample

volume.
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ISOLATION AND QUANTIFICATION OF
IVERMECTIN IN BOVINE MILK BY MATRIX
SOLID PHASE DISPERSION (MSPD)
EXTRACTION AND LIQUID
CHROMATOGRAPHIC DETERMINATION

FRANK J. SCHENCK
Baltimore District Laboratory
U.S. Food and Drug Administration
900 Madison Avenue
Baltimore, Maryland 21201

ABSTRACT

A technique for the extraction and liquid chromatographic
determination of ivermectin residues in bovine milk is
described. Avermectin was used as an internal standard.
Fortified and blank milk samples (5.0 mL) were blended
with 2.0 g Cj;3 (octadecylsilyl derivatized silica) in a
syringe barrel. After a 2 minute eguilibration, the
agqueous phase was removed from the column by vacuum
aspiration. The ivermectin residues were eluted from the
C;3/milk matrix with ethyl acetate. After further cleanup
by silica solid phase extraction, ivermectin derivatives
were formed and then quantified by ligquid chromatography
with fluorescence detection. The recoveries of fortified
ivermectin residues (1.0 - 8.0 ppb) averaged 97.7%. The
injected extracts are free from matrix interferences
making it easy to calculate the amount of residue
present.
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INTRODUCTION

The avermectins are macrocyclic lactones derived

from the mycelia of the actinomycete Streptomyces

avermitilis (1). They are active against helminths and
arthropods at very low doses (2). Two avermectins have
been commercialized to date (3). Abamectin, a mixture

consisting of >80% avermectin B, (B,,) and <20% avermectin
By, (By), 1s widely used as an insecticide and miticide on
agricultural crops. Ivermectin, a mixture consisting of
>80% 22,23-dihydroavermectin B,, (H,B;,) and <20% 22,23-
dihydroavermectin B;, (H;B,) (Figure 1), is widely used as

an antiparasitic agent in animals and man.

OCH,4
HO.,
OCH4
M€ oo,
H,C7 ™o H0
HC™

FIGURE 1. The structure of Ivermectin: R= -C,H; for H,B,,,
and R= ~-CH, for H,B,.
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Ivermectin residues are depleted slowly from the
animal. Tway et al. (4) found the unaltered drug in
cattle liver over a period of 28 days post
administration. The level of mammary gland excretion of
the administered dose is very high (5). Drug depletion
studies have shown that dosed ivermectin is secreted
through the mammary gland over many weeks (5,6),
underscoring concern that residues may be found in retail
milk. Ivermectin is currently not approved for use in
lactating dairy cows (7). Extrapolation from tissue
levels indicates that a regulatory analytical method
should be capable of detecting 2 ng/mL (ppb) in milk (Dr.
William White, Food and Drug Administration, Center for
Veterinary Medicine, personal communication.)

Alvinerie et al. (6), Schenck et al. (8) and Kijak (9)
have reported methods for the extraction and
determination of ivermectin residues in milk.
Unfortunately, these methods employ time consuming
multiple extraction, centrifugation and liquid-liquid
solvent partition cleanup steps. Recently, Barker et al
(10) demonstrated that biological matrices can be
homogeneously dispersed with C;, (40 um octadecylsilyl
derivatized silica), the resulting nixture packed into a
column, and various residues selectively eluted from the
column. This method, called matrix solid phase
dispersion (MSPD), provides a rapid alternative to
conventional methods for milk and tissue extractions.
Long (11-14) has shown that MSPD can be used for the
extraction of a wide variety of drugs from milk.

This paper describes a rapid, reliable method using
a modified MSPD extraction with a solid phase extraction
(SPE) cleanup for the determination of ivermectin from

milk.
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EXPERIMENTAL
Apparatus
(a) Ultrasonic bath- Branson Model 2200 (Branson

Cleaning Equipment, Shelton, CT), or equivalent.

(b) Micro pipettors- Electronic Digital Pipette
(Rainin Instruments, Woburn, MA) or equivalent.

(c) Syringe barrels.- Used as extraction columns;
empty reservoirs, 15-mL and 25-nL sizes; 20 um frits; and
Bond Elut cColumn Adapters (Varian Sample Preparation
Products, Harbor City, CA.)

(d) SPE vacuum manifold.- equipped with individual
flow control valves so that the vacuum to each SPE column
can be shut off (Supelco Corp., Bellefonte, PA) or
equivalent.

(e) Spatula- Stainless steel.

(£) Polypropylene volumetric flasks- S50-mL size,

for standard solutions (Nalge Co., Rochester, N.Y.) or
equivalent.
(g) Nitrogen evaporator- N-Evap (Organomation

Associates, Berlin, MA) or eguivalent.

(h) ©il bath- 95-100°C.

(1) Centrifuge tubes.- 15 mnL, conical, to be
silylated once every two months. Fill each tube to the
top with Sylon-CT and allow to stand 20 minutes. Rinse
thoroughly with toluene followed by methanol, and fill
with methanol. Let it stand 20 minutes and then rinse
with acetone and allow to dry. These tubes are cleaned
by hand immediately after use by soaking in methylene
chloride followed by detergent for at least 3 hours,
followed by thorough rinsing with hot water, distilled
water and acetone.

(j) Liquid chromatograph- Model 650-15 fluorescence
spectrophotometer (Perkin Elmer Corp., Norwalk <CT).
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Operating conditions: excitation wavelength 364 nm;
emission wavelength 455 nm; time constant 3. Analytical
column: Econosil C,g, 5 um, 4.6 X 250 mm (Alltech
Associates, Deerfield, 1IL); guard column, Brownlee
Newguard RP-18, or equivalent (Applied Biosystems Inc.,
San Jose, CA), ambient temperature; series 410 LC pump
with ISS-100 autosampler (Perkin Elmer). Injection
volume 50 uL; solvent flow rate 1.0 mL/min.

Reagents and Materials

(a) Solvents .- N,N-Dimethylformamide (DMF),
Photrex reagent grade (J.T. Baker, Phillipsburg, NJ);
tetrahydrofuran (THF), HPLC grade (Fisher Scientific,
Fair Lawn, NJ); all other organic solvents were distilled
in glass, suitable for spectrophotometry, and LC grade
(EM Science, Gibbstown, NJ).

(b) Acetic anhydride.- Analytical reagent grade
(Malinckrodt Inc., Paris, KY).

(c) N-Methylimidazole- 99% (Aldrich Chemical,
Milwaukee, WI)

(d) Water- Filtered and deionized, Milli-Q Plus
Water Treatment System (Waters Corp., Milford, MA).

(e) Sodium sulfate- Anhydrous, granular (12-60
mesh), ACS reagent grade (JT Baker, Phillipsburg, NJ).

(£f) Analytical standard- Ivermectin, 1.38% (w/w)
H,B,,, 0.21% (w/w) H,B,,, in glycerol formal was obtained
from Merck Sharpe and Dohme Research Laboratories,
Rahway, NJ.

(g) Internal standard- Abamectin (87% B,, and 9.4%
B,,) was obtained from Merck Sharpe and Dohme Research
laboratories).

(h) Stock standard solutions- Weigh 0.36 g

ivermectin standard into a 50 mL volumetric flask, and
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dilute to volume with methanol (100 ug/mL H;B,). Store
at -20°cC.

(1) Fortification standard solutions- Dilute 0.5 mL
ivermectin stock standard solution to volume in a 100 mL
volumetric flask with methanol. Store at -20°C.

(3) Internal standard solutions- Dissolve 1 mg
abamectin standard in 10 mL methanol (100 pgg/mL B,).
Dilute 0.5 mL abamectin stock standard solution to volume
in a 100 mL volumetric flask with methanol (500 ng/mL
B - Store at -20°C.

(k) MSPD column material- Bulk C,, Bondesil, 40 um,
18% load endcapped, octadecylsilyl-derivatized silica
(Varian).

(1) Solid phase extraction (SPE) columns.- Bond
Elut LRC silica, 500mg (Varian).

(m) Sylon CT- 5% dichlorodimethyl silane in toluene
(Supelco, Bellefonte, PA)

(n) Derivatizing reagent- Sequentially mix 0.9 mL
DMF, 0.3 mL acetic anhydride and 0.2 mL N-methylimidazole
just before use.

(o) LC mobile phase- Methanol/THF/water (85+15+5,
v/v/v)

(p) Milk samples- Raw bovine milk was obtained from
FDA, Center for Veterinary Medicine, Beltsville, MD, and
stored at -80°C.

Sample fortification

An appropriate volume of the 500 ng/mL (H,B,)
fortification standard (50 - 400 uL) and 200 uL of the B,
internal standard solution were added to a 50 mL
graduated cylinder. Control raw milk was added to the 25
mL mark. Standard and milk were mixed by inverting the
cylinder 5 times. (Use of a graduated cylinder rather
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than a volumetric flask will allow for more efficient
mixing of the lipophilic ivermectin with milk lipids.)
Five mL aliguots of this milk were taken through the
extraction.

Working standards

Working standard solutions suitable for a 4 point
standard curve were prepared daily. Appropriate volumes
of fortification standard and 100 uL of internal standard
solution were added to four 25-mL volumetric flasks.
Methanol was added to volume.

Extraction and cleanup

Fit an empty 25-mL syringe barrel (reservoir) with
a 20 um frit. Add 2.0 g of C; to the barrel. Wash the
C;s sSequentially with 5 mL petroleum ether, 5 mL acetone
and two 5 mL aliquots of methanol. After the last
methanol is eluted, aspirate the column with full vacuum
for <5 seconds. (NOTE: Do not wash the Cj; column with
water after last methanol wash.) Close the valve on the
vacuum manifold head.

Pipette 5.0 mL milk onto the prepared C,; column.
Mix the milk with the Cj; using a stainless steel spatula.
Leave the spatula in the column and allow the milk/Cyp,
mixture to equilibrate for 2 minutes, occasionally
stirring with the spatula.

Carefully remove the spatula from the column,
rinsing it with a stream of water from a wash bottle,
collecting the water in the column. Open the valve on
the vacuum manifold head, and apply sufficient vacuum to

elute the milk from the column at a rate of <3 drops per
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second. When all the milk is eluted from the column,
rinse down the sides of the column with ca. 5 mL water
from a wash bottle. Elute the water from the column
using vacuum. Repeat the water wash. Dry the column by
vacuum aspiration for 5 minutes.

Remove the C;; MSPD column from the vacuum manifold.
Fit a 15-mL size empty syringe barrel with a frit and
fill to ca. 5 cm. with sodium sulfate. Attach the sodium
sulfate column below the C;; MSPD column with an adapter.
Place the tandem columns over a 15 mnL silylated
centrifuge tube. Add 10 mL ethyl acetate to the top (Cy)
column. Using a rubber pipette bulb, apply sufficient
pressure to initiate flow of the solvent. Allow the
solvent to drip by gravity flow, collecting the eluate in
the silylated tube.

Remove and discard the columns and evaporate the
ethyl acetate eluate to dryness at <50°C with the aid of
a stream of nitrogen. A small amount of oily residue
will remain. Add 2 mL of 40% ethyl acetate in hexane to
the centrifuge tube, vortex mix and place in ultrasonic
bath for 1 minute.

Place a silica SPE column on the vacuum manifold and
wash with 3 mL of 40% ethyl acetate in hexane. Transfer
the contents of the silylated centrifuge tube to the
silica SPE column and elute at a rate of 1 drop per
second. Rinse the silylated centrifuge tube two times
with 1 mL 40% ethyl acetate in hexane, transferring the
rinsings to the silica SPE column. Save the silylated
tube for later collection of SPE column eluate. Wash the
silica SPE column with an additional 5 mL 40% ethyl
acetate in hexane. Discard all the 40% ethyl acetate in
hexane washes.

Elute the silica SPE column with 5 mL of 50% ethyl
acetate in methanol, collecting the eluate in the
silylated centrifuge tube. Evaporate the eluate to
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dryness at <60°C with the aid of a stream of nitrogen.
Less than 0.05 mL of residue should remain in the
silylated tube. Excess moisture, methanol or residue can

lead to incomplete derivatization.

Derivatization of Ivermectin

For preparation of standards, add 5.0 mL of each of
the working standard solutions to a silylated centrifuge
tube. Evaporate to dryness at <60°C with the aid of a
stream of nitrogen. Add 0.1 mL of freshly prepared
derivatizing agent to the sample and standard silylated

tubes. Stopper tubes, vortex briefly and centrifuge for

a few seconds at low speed. Place the tubes in a 95°C
0il bath. The solution should turn black.
After 1 h remove tubes, allow to cool. Add ca 1 mL

chloroform to each tube and vortex mix. Elute chloroform
on a silica SPE column which was prewashed with 4 mL
chloroform. Wash the silylated centrifuge tube with
three 1 mL portions of chloroform and elute each through
the silica SPE column. Wash the silica SPE column with
2 mL chloroform, collecting all the eluates. Evaporate
to dryness at <60°C with the aid of a stream of nitrogen.
Dissolve residue in 0.5 mlL methanol, vortex mix and
centrifuge briefly. Inject 50 uL of each standard and
each sample into the LC system.

Determine the peak heights of the H,B,, and B,
fluorescent derivatives. Calculate the peak height
ratios for each of the sample and standard injections as

follows:

Peak height ratio =
(Peak Height H,B,,/Peak height B),)
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Construct a linear regression curve of the peak height
ratio vs ng/mL H,B,, in the standards. Using the peak
height ratios of the milk sample injections, calculate
concentration (ng/mL) of H;B;, injected from the standard
curve.

Calculate concentration of H,B,, in the milk sample

as follows:

H,B;, ng/mL (sample) = H,B,, ng/mL (injected)/5

where 5 is the number of mL milk taken through the

extraction.

RESULTS AND DISCUSSION

To test the performance of the method, raw milk
samples were fortified initially with ivermectin only.
L.ater samples were fortified with ivermectin and
abamectin (internal standard). Milk samples were
extracted, cleaned up, and derivatized. Derivatized
residues were detected by 1liquid chromatography with
fluorescence detection (Figure 2A). Representative
chromatograms of control milk samples show no interfering
matrix background peaks (Figure 2B). The recoveries of
fortified ivermectin residues from the milk (1.0-8.0 ppb)
were calculated both with and without the internal
standard. The results are shown in table 1.

Ivermectin was rapidly extracted from milk using
MSPD. When the milk was mixed with the Cj, ivermectin
and the milk lipids were adsorbed in a thin layer onto
the surface of the C; particles. The polar milk matrix
components and most of the milk proteins were eluted with
the aqueous phase. Ivermectin was eluted from the column
with ethyl acetate.
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FIGURE 2. Typical chromatograms of (a) milk fortified
with 4.0 ppb ivermectin (H,B;) and abamectin internal
standard (B;), and (b) control milk.

TABLE 1.

Recoveries of Ivermectin from Bovine Milk.

[y

Fortification % Recovery (% RSD)® % Recovery (% RSD)®

level (ppb) calculated using calculated without
internal standard internal standard

1.0 97.0 (2.0) 85.7 (8.4)

2.0 104.1 (0.7) 83.5 (4.6)

4.0 97.7 (0.9) 91.5 (10.3)

8.0 99.9 (1.7) 81.0 (8.5)
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The ethyl acetate MSPD eluate contained some milk
co-extractants, which interfered with the derivatization
of ivermectin. Further cleanup using commercially
available SPE columns was explored. The ethyl acetate
MSPD extracts from milk spiked with 50 ppb ivermectin
were evaporated and the residue was cleaned up using an
alumina, Florisil or silica SPE column, as per published
procedures (15-18). The efficiency of the SPE column
cleanup was evaluated using LC with UV detection (17).
The silica SPE cleanup developed by Vuik (18), for the
determination of avermectin in cucumbers, was far
superior to both the alumina and Florisil SPE cleanups
for these particular extracts. The silica extracts
exhibited a minimal number of interfering coextractants
when analyzed by LC-UV, and a minimal amount of residue
remaining after the solvent was evaporated.

MSPD has been widely used for the extraction of
drugs from milk. Typically, 2.0 g Cj is mixed with 0.5
g milk in a mortar and pestle. The resulting homogenate
is transferred into a syringe barrel. Van Pouck et al.
(19) have developed a modified MSPD method for the
determination of sulfonamides in milk. Five g milk is
mixed directly with 2.0 g C-18 in a syringe barrel. This
eliminates the need to transfer the homogenate and allows
larger volumes of milk to be extracted, thereby
increasing the sensitivity of the method.

The MSPD method eliminates many of the problems
associated with traditional isolation techniques.
Traditional methods for the isolation of ivermectin from
milk (6,8-9) employ multiple solvent extractions and
centrifugation steps which extract the ivermectin along
with the milk fat. Ivermectin is then separated from the
fat by multiple liguid-liquid partition steps. Using the
MSPD method, ivermectin is rapidly separated from the

milk matrix coextractants without having to use tedious
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liguid-liguid extraction and centrifugation steps. The
savings in time make the MSPD method attractive when

compared to traditional techniques.

REFERENCES

1. Burg, R.W., Miller, B.M., Baker, E.E., Birnbaum, J.,
Currie, S.A., Hartman, R., Kong, Y., Monaghan, R.L.,
Olson, G., Putter, I., Tunac, J.B., Wallick, H., Stapley,
E.O0., ©Oiwa, R. and Omura, S., Antimicrob. Agents
Chemother., 15: 361-367 (1979).

2. Chabala, J.C., Mrozik, H., Telman, R.I., Eskola, P.,
Lusi, A., Peterson, L.H., Woods, M.F., Fisher, M.H.,
Campbell, W.C., Egerton, J.R. and Ostlind, D.A., J. Med.
Chem., 23: 1134-1136 (1980).

3. Fisher, M.H., Pure and Appl. Chem., 62: 1231-1240
(1990) .

4. Tway, P.C
2

, Wood, J.S. and Downing, G.V., J. Agric.
Food Chem., :

29: 1059-1063 (1981).
5. Toutain, P.L., Campan, M., Galtier, P., and
Alvinerie, M., J. Vet. Pharmacol. Therap., 11: 288-291

(1988) .

6. Alvinerie, M., Sutra, J.F., Galtier, P., and Toutalin,
P.L., Ann. Rech. Vet., 18: 269-274 (1987).

7. Code of Federal Regulations Title 21, Section
520.1192., U.S. Government Printing Office, Washington
DC. (1994).

8. Schenck, F.J., 8chmid, R.J. and Clark, S.B.,
Laboratory Information Bulletin, U.S. Food and Drug
Administration, Rockville, MD, 6: 3461 (1990).

9. Kijak, P.J., JAOAC Int., 75: 747-750 (1992).
10. Barker, S.A., Long, A.R. and Short, C.R., J.
Chromatogr., 475: 353-361 (1989).

11. Long, A.R., Hsieh, L.C., Marlbrough, M.S., Short,
C.R. and Barker, S.A., J. Assoc. Off. Anal. Chem., 73:
379-384 (1990).



362 SCHENCK

12. Long, A.R., Short, C.R. and Barker, S.A., J.
Chromatogr., 502: 87-94 (1990).

13. Long, A.R., Hsieh, L.C., Marlbrough, M.S., Short,
C.R. and Barker, S.A., J. Assoc. Off. Anal. Chem., 72:
739-741 (1990).

14. Long, A.R., Hsieh, L.C., Marlbrough, M.S., Short,
C.R. and Barker, S.A., J. Agric. Food Chem., 38: 430-432
(1990) .

15. Schenck, F.J., Barker, S.A. and Long, A.R., JAOAC
Int. 75: 655-658 (1992).

16. Heller, D. and Schenck, F.J., Biol. Mass Spectron.,
22: 184-193 (1993).

17. Pivichny, J.V., Shim, J.K. and Zimmerman, L.A., J.
Pharm. Sci., 72: 1447-1450 (1983).

18. Vuik, J., J. Agric. Food Chem, 39: 303-305 (1991).

19. Van Poucke, L.S.G., Depourcqg, G.C.I. and Van
Peteghem, C.H., J. Chrom. Sci., 29: 423-427 (1991).

Received: July 5, 1994
Accepted: July 14, 1994



JOURNAL OF LIQUID CHROMATOGRAPHY, 18(2), 363-376 (1995)

KINETICS OF AZADIRACHTIN HYDROLYSIS
IN MODEL AQUATIC SYSTEMS BY
HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY

K. M. S. SUNDARAM, L. SLOANE, AND J. CURRY

Natural Resources Canada, Canadian Forest Service
Forest Pest Management Institute
1219 Queen Street East, Box 490
Sault Ste. Marie, Ontario, Canada, P6A 5M7

ABSTRACT

The hydrolysis of azadirachtin-A isomer (AZ-A) was studied at 20°C in the
dark in buffered distilled water at pH 4, 7 and 10, and in unbuffered sterilized and
unsterilized pond water. Individual solutions were fortified in triplicate with pure
AZ-A and formulated AZ-A separately. Hydrolysis of AZ-A in pond water was
studied by using pure AZ-A only. At pH 10, AZ-A fortified either in pure form or
as formulation, was hydrolysed rapidly and the DT, was only about 2 h. At pH
4, the DTy, values for the pure and formulated AZ-A were 19.2 and 38.3 d,
respectively, indicating that the chemical is relatively stable in acidic medium. The
stability was diminished at pH 7 and the corresponding DT, values were 12.9 and
30.5 d. The data show that the hydrolysis of AZ-A is greatly influenced by pH in
the order pH 10 >>> pH 7 > pH 4. The differences in DTy, values between pure
AZ-A and formulated AZ-A, at pH 4 and 7, suggest that hydrolysis is considerably
retarded by the surfactants in the formulation. The average pH and DTz, values
for the sterilized and unsterilized pond water were 8.08 + 0.43 and 7.36 £ 0.28,

and 6.91 d and 11.94 d, respectively. The faster degradation of pure AZ-A in
363
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sterilized water, compared to the unsterilized water, was likely due to chemical
hydrolysis. Microbial action in the degradation of AZ-A in the unsterilized pond

water appeared to be minimal.

INTRODUCTION

The use of conventional broad-spectrum synthetic insecticides, although
impressively effective in controlling various insect pests in Canada, is in rapid
decline due to public concern and regulatory demands for selective and
environmentally safe pest control products. Consequently, research in recent
years has been turning more and more towards natural insecticides originating
from plants, which are presumed to be innocuous. Among all the phytochemical
pesticides being studied at present, azadirachtins (AZ), a mixture of seven
structurally related tetranortriterpencids isolated from the seeds of the neem tree
or Indian lilac [Azadirachta indica A. Juss (Meliaceae)], have properties useful for
the management of pests and show considerable promise to function as effective
insecticides [1]. The major isomer, azadirachtin-A (AZ-A) has relatively high
insecticidal activity. It causes mortality, improper molting, impaired reproductive
capacity and deters feeding in various insect species, yet is safer to natural
enemies and nontarget organisms than most conventional insecticides [2]. Neem-
based formulations containing AZ-A have been registered in U.S.A. for the use on
nonfood crops and ornamentals [3].

Recent laboratory [4] and field studies [5] have shown that neem preparations
containing AZ-A are effective in controlling various target pests inciuding the
spruce budworm (Choristoneura fumiferana Clem.), a destructive defoliator of

conifer forests in eastern Canada and north-eastern U.S.A. During any broadcast



KINETICS OF AZADIRACHTIN HYDROLYSIS 365

application the insecticide may accidently drift or run-off into bodies of water. The
use of neem-based formulations in forestry therefore requires an understanding of
the aquatic dissipation of the major toxic component present, AZ-A, to evaluate its
stability and toxic potential to aquatic organisms.

So far, very little information is available on the persistence and degradation
of AZ-A, either in a pure state or as a formulated material, in waters of different
acidities. The little that is available is inconclusive. Larson [6] reported the
influence of low pH (3.8 to 4.2) on the stability of AZ. On the contrary, Tewari [7]
found rapid hydrolysis of the material under acidic and alkaline conditions. We
have investigated the dissipation of pure and formulated AZ-A in buffered distilled
water over the pH range of 4 to 10 (to cover the spectrum of water acidities found
in forest environment), and in sterilized and unsterilized natural waters under
controlled laboratory conditions. Studies were conducted in the dark to diminish

photolytic effects. The data are presented in this paper.

MATERIALS AND METHODS

Analytical grade azadirachtin-A (> 95 % purity) was purchased from Sigma
Chemical Co., St. Louis, MO and used without any purification. It gave a single
spot (Rg 0.58, 2-propanol:n-hexane 11:9) on silica gel TLC plate and a distinct
single peak (RT 20.6 min) in HPLC [8]. The commercial formulation used was
Azatin® (AgriDyne Inc., 417 Wakara Way, Salt Lake City, Utah 84108) containing
3 % AZ (mainly AZ-A by weight), ca. 4 % naphthalene, ca. 2 % butanol [9],
emulsifiers (to keep the AZ uniformly distributed in the spray mix) and probably a

sunscreen ingredient. The contents of the formulation are proprietary information
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of AgriDyne Inc. Glass distilled water was used in all dissipation studies. Pond
water was collected from the Searchmont area in N. Ontario in amber bottles (4
L) and had the following properties: pH 7.36; turbidity (JTU) 18.8; sp. conductivity
(umhos/cm) 18.4; hardness (mg of CaCOg/L) 13.9; organic matter 16 ug/g; total
P 0.098 ug/g; total N 0.093 pg/g; and Fe as Fe®® 0.16 ng/g.

Buffer solutions of pH 4, 7 and 10 were prepared using ACS grade
chemicals and distilled and sterilized water according to the
procedure of Dean [10]. For pH 4, 10.21 g of potassium hydrogen
phthalate, [KH(CgH,O4)] per L (0.05 M); for pH 7, 3.40 g of potassium
dihydrogen phosphate (KH,PO,) and 3.55 g of disodium hydrogen phosphate
(Na,HPQ,) per L (0.025 M each); and for pH 10, 2.10 g of sodium hydrogen
carbonate (NaHCO,) and 2.65 g of sodium carbonate (Na,CO;) per L (0.025 M
each) were used. The pH of each solution was checked periodically using a pH
meter (Model SA720, Orion Research Inc., Boston, MA 02129, USA).

For dissipation studies, each buffer solution (500-mL}) was placed in triplicate
in 1-L stoppered Teflon bottles covered outside with aluminum foil. Exactly 0.5 mL
ot standard AZ-A in methanol containing 40.0 ug/mL was added to each bottle to
give an initial concentration of 40 ug/L. Each solution was shaken well and
incubated in an environmental chamber (Controlled Environments, Winnipeg,
Canada) kept at 20 £ 1°C. The dissipation was allowed to continue for 25 d post-
treatment.

To study the dissipation of AZ-A in the formulation, 10-mL aliquots of the
stock solution in methanol containing 4 ug AZ-A per mL were added to 1.0 L of

each of the buffer solutions in triplicate to give an initial concentration of 40 pg/L.
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The Teflon bottles were sealed, covered completely with Al-foil, shaken well and
incubated in the environmental chamber as above for the hydrolytic degradation
to occur over a 60-d period.

The pond water was filtered under suction using Gelman 5-um PTFE
membrane filter. A portion of the filtered water was sterilized in an autoclave
(Amsco 2022) for 20 min. Both the sterilized and unsterilized water samples (500
mlL each in triplicate) were fortified with standard AZ-A, to give initial
concentrations of 40 ug/L. Dissipation experiments were conducted as in the
hydrolysis of pure AZ-A in buffer solutions.

The kinetics of AZ-A loss was followed by measuring the residual
concentrations of the chemical at known intervals of time (ie., 15 min after
fortification, until the termination of the study) and plotting AZ-A concentration vs.
time. The data points in Figures 1 to 4 are the means of triplicate measurements
and the error bars represent standard deviations (SD). Unfortified buffer solutions
and filtered pond waters served as the controls. No pH adjustments were done
for the pond waters fortified with AZ-A, however their pH values were monitored
throughout the study period.

At specific intervals of time, aliquot samples (10-30 mL) were taken from each
bottle after thorough shaking and extracted with dichloromethane after the addition
of agueous sodium chloride. The organic layer was dried with anhydrous sodium
sulfate and flash evaporated to dryness. The residue was taken in ethyl acetate
and cleaned by Florisi® minicolumn. The column was eluted with ethyl acetate
and the eluate, after concentration, was quantified by HPLC for AZ-A content. The

details of extraction, cleanup and analysis of AZ-A are given elsewhere [8]. The
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buffered at pH 4 and fortified separately
with pure AZ-A and AZ-A formulation.
Error bars represent +/- SD (n=3).

—~ 50

3 —e— AZ-A Standard

S 45 Y = 38.41 0536t R2 = 0.917

c DTg = 12.9d

2 40

*@ —= - Formulation

£ 45 | Y = 42.34 00227t R2 = 0.990

8 DT, =30.5d

S 30

o

< 25

N

g 1

© N \&

>

e

& .
10 ¥
5— T T T T T I

0 10 20 30 40 50 80 70
Time (d)

Figure 2. Degradation of AZ-A in distilled water
buffered at pH 7 and fortified separately
with pure AZ-A and AZ-A formulation.
Error bars represent +/- SD (n=3).
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recovery of AZ-A from the buffer solutions and pond water at the 10 ug/L level was
> 96 % and the limits of detection and quantification were, respectively, 1.0 and

3.0 ug/L.

RESULTS AND DISCUSSION

In the dark, at a constant incubation temperature and under sterile conditions,
the degradation of AZ-A in the buffer systems was due to hydrolytic reaction in
which the AZ-A molecule reacted with H,O under the catalytic influence of H® or
OH® ions, forming new products containing C— O bonds. The AZ-A degradation
in the buffer solutions at pH 4, 7 and 10 and sterilized and unsterilized natural
water was obtained using the first-order rate equation [11]

Y = Y X (1)
where Y represents the AZ-A concentration at time t (d or h, depending on rate),
Y, represents the initial AZ-A concentration and k is the rate constant. Logarithmic
transformation yielded the linear equation:

2.303 logyq (Y/Y,) = -kt 2)

As the concentration dissipated to 50 % of the initial amount, the DT, (time
required for 50% of the initial concentration to dissipate) value could be determined
from equation (3) for each experiment:

DTg, = (2.303 logy42) / Kk (3)

All the plots of residual concentration of AZ-A vs. time were curvilinear for the
pH range 4 to 10 (Figs. 1 to 3) and for the natural water (Fig. 4). The degradation
data obeyed the exponential equation (1), indicating that the reaction followed first-
order kinetics. Regression analysis of the residues remaining at time t gave a

good fit, with R? (coefficient of determination) ranging from 0.883 to 0.994. The
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values of k, R% and DT, for the acidic (pH 4), neutral (pH 7) and alkaline (pH 10)
butfers, and for the sterilized and unsterilized natural water samples, are listed in
the corresponding figures.

A comparison of the degradation of AZ-A under acidic, neutral and aikaline
conditions show that the chemical, either in the pure or formulated form, remains
relatively stable under acidic (pH 4) conditions (Fig. 1). Nearly 39 % of pure AZ-A
and 66 % of AZ-A in the formulation remained in the buffer after 25 d. About 30
% of fortified AZ-A in the formulation remained in the buffer on the last day (60 d
post-application) of sampling. The k and DT, values for the pure AZ-A in the
acidic buffer were, respectively, 0.0362 d'and 19.2d. The corresponding values
for the AZ-A in the formulated material were 0.0181 d”" and 38.3 d, respectively.

The rate of degradation of pure AZ-A and formulated AZ-A in the buffer at pH
7 (Fig. 2) was higher compared to that in the pH 4 buffer. Only about 28 % of
pure AZ-A and 58 % of AZ-A in the formulation remained on 25 d. About 20 %
of AZ-A remained in the formulated material after 60 d. Correspondingly, the rate
constants, k, were higher (0.0536 d™ for pure AZ-A and 0.0227 d™' for formulated
AZ-A) and DTy, values (12.9 d for pure AZ-A and 30.5 d for formulated AZ-A)
were lower, indicating greater degradation. Considering the k and DT, vaiues at
pH 4 and 7, it is obvious that the rate of hydrolytic degradation of AZ-A increased
with pH.

Under alkaline conditions (pH 10), the hydrolytic degradation of AZ-A either
in the pure form or in formulation was extremely rapid (Fig. 3). The chemical was
completely degraded in both the samples within 10 h, indicating the instability of

AZ-A in strong alkaline solutions. The rate constants, k, were relatively high
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(0.2869 h™' for pure AZ-A and 0.3706 h™' for formulated AZ-A) and the DTg,
values found were hours, not days ( 2.42 h for pure AZ-A and 1.87 h for the
formulated material). Despite the differences recorded, statistical treatment
showed no difference between the two DT, values (ANOVA P > 0.05). From the
data in Figures 1 and 3, it is apparent that the effect of raising the pH from 4 to 10,
reduced the DT, values for the pure AZ-A and AZ-A in the formulation by a huge
factor of nearly 190 and 492, respectively.

Azadirachtin is a complex molecule with a number of carboxylic ester groups
and epoxide rings [12]. Its high instability in alkaline solutions is likely due to base-
catalysed reactions involving aceyl-oxygen cleavages in the molecule through

nucleophilic attack, thus altering the ester (— 9— OR) to carboxylate (— ?— 0%)

0] (0]
groups as shown below:

« ¢ o 0

~c-O0R & -CI&R 2 -C®°-R — -C + HOR
OH® OH é)H (I)e

Such base-catalysed hydrolytic degradations are found to be common among

organophosphorus insecticides, cleaving the C— O— P bonds [13, 14]. Nucleophilic

attack by OH® at the C atoms in the epoxide rings in the molecule, forcing them

to open, followed by abstraction of protons from H,O by alkoxide ions

| | | |
(— (‘3* CID—) to form diols (— Cf— ?~), causing structural alterations, is also very likely.
0 OH HO OH

The stability of AZ-A in the acidic medium (Fig.1) shows that acid-catalysed

hydrolysis, ie., initial protonation of carbonyl oxygen as well as the O atom of
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epoxide rings followed by the attack on the aceyl oxygen and/or the oxonium ion
by the weak nucleophile, H,O, is not a vigorous one. Also, unlike alkaline
hydrolysis, the acid-catalysed reactions could be reversible. These factors could
have contributed to the overall stability of AZ-A in the acidic medium.

Figures 1 and 2 show that AZ-A in the formulation degraded relatively slowly
compared to pure AZ-A in the buffers at pH 4 and 7. This difference in
degradation rates is attributable to the presence of surfactants (emulsifiers) in the
formulation. Surfactants are large molecules and, by virtue of their combined polar
(hydrophilic) and apolar (lipophilic) nature, form micelles in solution [15]
Azadirachtin molecules, being nonpolar and oleophilic, are likely to be partitioned
and incorporated or solubilized inside the hydrophobic core of micelles, shielding
them from the attack by the H® ions present in the surrounding medium. There
are no such micelles in the buffer solutions fortified with pure AZ-A, hence no such
shielding mechanism was available for the molecules. It is likely that under high
alkaline medium (pH 10), either micellization did not occur, or the micelles
disintegrated rapidly, releasing the AZ-A molecules to OH® ions for rapid
interaction. Presently, there is sufficient evidence [16] for surfactant-facilitated
stabilization of pesticide molecules in solution, however no such specific
information is available yet on the stabilization of AZ-A molecules in solution.
Additional research is necessary to study the influence of additives in stabilizing
AZ-A molecules in spray formulations.

The AZ-A concentration (ug/L) in sterilized and unsterilized pond water as a
function of time (d) is graphed in Figure 4. The initial concentrations in both

samples were similar, 37.13 £ 0.54 pug/L (sterilized) and 37.14 £ 0.18 ug/L
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(unsterilized). The average pH values for the sterilized and unsterilized water
samples during the course of the study were 8.08 + 0.49 and 7.36 + 0.28,
respectively. The values suggest that: (i) unsterilized water has some buffering
capacity (low variability in pH) due to dissolved ions and humic compounds and
(i) the relatively high pH of sterilized water is due to the hydrolysis of the C0329
and PO,>® ions in the solution.

The hydrolysis of AZ-A in sterile water was relatively rapid, probably due to
the higher pH value (8.08 + 0.49). No residues of the chemical were
detected after 20 d, indicating its instabilty to hydrolysis. On
the contrary, the AZ-A degraded rather slowly in the unsterilized
water; about 26 % of the fortified amount remained after 25 d.
Comparison of the rate constants (0.1003 d! for sterilized and 0.0580 d
for unsterilized water) and DT, values (6.91 d for sterilized and 11.94 d for
unsterilized water) definitely confirmed the slow loss of AZ-A in the unsterilized
water. Contributing factors to this phenomenon could be the lower pH (7.36 +
0.28) of the medium and absence of sufficient microbial population in the water.
Azadirachtin is reported to have antiseptic and antimicrobial properties [17, 18].
Possibly, AZ-A used for the fortification of unsterilized water destroyed most of the
microbial population, thus preventing their action on the degradation process. It
is obvious that further research on the biological degradation of azadirachtin in
natural waters, under controlled laboratory conditions, is necessary to validate this
hypothesis. In addition, the role of sunlight and temperature, as well as the
components in water such as humic compounds, metal ions, Bronsted acids and
bases [19], on the degradation of AZ would be useful to get a holistic picture of its

persistence in natural waters.
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ABSTRACT

Separation of yttrium(III) and heavy lanthanoid elements(III) was
performed by centrifugal partition chromatography (CPC) employing
different types of stationary phase components, 2-ethylhexyl phosphonic
acid mono-2-ethylhexyl ester (EHEHPA) and Versatic 10 (VA10). The
retention volume (Vy) in CPC provided with the EHEHPA stationary phase
increased with the atomic number of lanthanoid clements, and Y was eluted
between Ho and Er. Yttrium can be completely separated from most of
lanthanoids other than Dy, Ho and Er. As for the VA10Q stationary phase,
Y was separated from Dy, Ho and Er. Isolation of Y from a lanthanoid
mixture was accomplished by means of two steps of CPC fractionation
through the EHEHPA stationary phase, followed by treatment through the
VA10 stationary phase; the content of each lanthanoid element in the final
Y fraction was reduced to less than 0.3% against the content of Y.

INTRODUCTION

Yttrium occurs in natural resources along with lanthanoid elements,
and separation and purification of Y require multi-stage processes due to
chemical similarities of rare earth elements. Liquid-liquid extraction has

provided effective separation methods for rare earth elements (1); industrial
377
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separation of Y has been performed by means of series of mixer—settlers
employing various types of extractants such as Versatic 911 and
tributylphosphate (2). However, it has required a large number of stages
and long separation time for complete isolation of high—purity elements.

Centrifugal partition chromatography (CPC) has been developed as an
analytical and preparative separation method for chemically—similar materials
(3). In this chromatography, an organic solution containing an extracting
reagent can be employed as a stationary phase without any solid support,
therefore, the stationary and mobile phases can be selected to optimum
conditions on the basis of liquid-liquid extraction behavior.

In recent years, the mutual separation of trivalent lanthanoid elements
was successfully performed on CPC employing stationary phases containing
acidic organophosphorus extractants, such as di(2-ethylhexyl) phosphoric
acid (DEHPA) (4-6), 2—ethylhexyl phosphonic acid mono~2-ethylhexyl ester
(EHEHPA) (7,8) and di(2,4,4-trimethylpentyl)phosphinic acid (DTMPPA)
(9,10). A series of lanthanoids were eluted in the increasing order of
distribution ratios between the stationary and mobile phases, corresponding
to the decreasing order of their ionic radii. The ionic radius of Y(III) is
close to those of heavy lanthanoids, and the extractability of Y with
DEHPA is placced between Ho and Er, exhibiting the low separation factors
of 1.65 for Y and Ho (Y/Ho), and 1.37 for Er/Y (11). Since these
separation factors are not sufficiently large, quantitative separation of Y
from lanthanoid elements seems to be difficult even by means of CPC
provided with acidic organophosphorus extractants. Other kinds of
extractants having the desired selectivity are required for the separation of
Y from accompanying heavy lanthanoids. Versatic 10 (VA10) is a bulky
tertiary alkyl mono-carboxylic acid and has better selectivity for the
separation of Y from heavy lanthanoids in contrast with acidic
organophosphorus cxtractants, though the separation factors for neighboring
lanthanoids are rather low (12,13).

This study deals with chromatographic separation of Y and some
lanthanoid elements by CPC provided with the EHEHPA stationary phase
and the VA1O stationary phase. Isolation of Y from lanthanoid elements
was performed by fractionation from CPC with EHEHPA, followed by
separation on CPC with VA10.
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EXPERIMENTAL

Materjals

An extractant, 2—ethylhexyl phosphonic acid mono-2-ethylhexyl ester
(EHEHPA) (PC-88A; Daihachi Chemical Ind. Co. Ltd.), was washed with
a sodium hydroxide solution to remove acidic impurities, and its purity was
checked to be 96% by potentiometric titration in ethanol with a sodium
hydroxide solution. Versatic 10 (VA10) was obtained from Shell Chemical
Co., and its purity (97%) was also determined as above. A 50% (v/v)
ethanol solution of 0.014% (w/v) Arsenazo III (Dojindo Lab.) was used for
a post column reaction. Standard solutions of 1000 ppm of Y, Gd, Tb, Dy,
Ho, Er and Tm in 1 M (M = mol dm™3) HNO; (Wako Pure Chemical Ind.)
were dried up, and diluted with deionized water or pH-buffered solution to

the desired concentration.

Apparatus

Chromatographic separation was performed by means of centrifugal
partition chromatograph (CPC, Model NMF; Sanki Engineering Ltd.)
modified for use at higher temperature up to 70°C. Six partition cartridges
(type 250W, total volume 125 cm?) as separation columns were arranged
in a CPC rotor, where one cartridge was composed of 400 microcells. A
mobile phase was sent into CPC by a triple plunger pump (LBP-V; Sanki).
A part of the eluted solution from CPC was continuously moved to a
detection system by a double plunger pump (NP-FX-10U; Nihon Seimitsu
Kagaku Co., Ltd). The detection system consisted of a post column—reactor
(ICA-3041; Toa Electronics Ltd.), a photometric detector with a flow cell
(ICA-3020; Toa) and a pen recorder (FBR-251A; Toa).

tracti

A toluene solutjion of 0.02 M (EHEHPA), was shaken over 30 min
with an equal volume of an aqueous phase containing 2 x 107> M of each
rare earth ion. The aqueous pH was adjusted to an appropriate valuc with
0.1 M (H,Na)CHCI,COO. In the extraction with VA10, a kerosene solution
of 0.25 M (VA10), was contacted with a 0.1 M NaNO; aqueous solution
containing 0.01 M (H,Na)CH;COO as a buffer. After equilibrium, the
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concentrations of metals were measured by inductively coupled plasma
atomic emission spectrometry (ICP-AES) (SPS 1200A, Seiko Instruments
& Electrics Ltd.); the concentration of the extracted element in the organic
phase was determined after stripping into 1 M HNO,.

CPC Process

The toluenc solution of 0.02 M (EHEHPA), was held in microcells of
CPC-cartridges as the stationary phase. The aqueous solution containing
0.1 M (H,Na)CHCl1,COO was chosen for the mobile phase. Further, the
kerosene solution of 0.25 M (VA10), and the 0.1 M NaNOj solution
buffered with 0.01 M (H,Na)CH;COO were respectively used as the
stationary and mobile phases. The mobile phase was equilibrated with the
corresponding organic phase before use. This mobile phase was pumped
into the stationary phase through a rotary seal joint at a flow rate of 3 cm’
min~!. Under the rotation of CPC-rotor at 900 ~ 1100 rpm, the mobile
phase flowed through the column as small droplets, replacing a part of the
stationary phase in the microcells. At a constant volume ratio of two
phases, the sample solution containing 5 x 107 ~ 4 x 1073 M of each rare
earth ion was charged into the column through a sample loop (1 cm3). A
part of the eluted stream was continuously monitored by measuring the

absorbance of lanthanoid-Arsenazo III complexes at 650 nm.

omato ic ters

Chromatographic parameters were evaluated to clarify elution
characteristics of rare earth elements in CPC. The number of theoretical
plates (N) is related to the retention volume (Vg) and the peak width (W):

N =16 (Vg / W )? 1)

The separation factor (o) in chromatography is evaluated from the retention
volumes of corresponding components 1 and 2:
" - Vr2 ~ Vo @
e
Vr1 ~ Vo

where V, is the elution volume for an unretained component.
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The resolution (R,) is evaluated by the distance between the two peaks
and their peak widths.

2 (Vo - Vr1)

R, = (3
W, + W,
RESULTS AND DISCUSSION
E ion with EHEHP

Mutual separation of rare earth elements is based on the differences
in the distribution ratios between the stationary and mobile phases.
Extraction behavior of Y and some heavy lanthanoids with EHEHPA in
toluene was examined in order to optimize separation conditions on CPC.
Figure 1 represents the distribution ratios (D) of closely resemble rare
earths as a function of pH, where the extractant concentration is formally
cxpressed as a dimer (EHEHPA),, since the acidic organophosphorus
extractants are commonly present as dimeric species in nonpolar diluents.
The slopes of the log D-pH plots were of 2.7 to 2.9, indicating that the
extraction proceeds in the following reaction (7);

M3+ 3(HA), oy = M(HAR); o + 3HY, 4)

where M denotes the rare earth element and (HA), is the dimer of
extractant. The extraction constants (K,,) for Eq.(4) are listed in Table 1.
The value of K, increased with atomic number of lanthanoids, and that for
Y was situated between Ho and Er. These K, values for the toluene
solution were lower about 2 order of magnitude than those for the kerosene
solution (7); the K., values have been found to decrease in the order
hexane > carbon tetrachloride > 1,2-dichloroethane > toluene > benzene for
extraction with acidic organophosphorus compounds (14). This lower
extractability in toluene may permit to employ the dilute acid as the mobile
phase of CPC, and/or the higher concentration of extracting reagent in the
stationary phase. The separation factors (o) are summarized in Table 1.
The values of ap for Y/Ho and Er/Y were low and the separation of Y
from Ho and Er might be rather difficult by CPC with the EHEHPA
stationary phase, since the mutual separation has been often insufficient for
lanthanoids having low oy values less than 2 (7).
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FIGURE 1 Extraction of rare earth elements with 0.02 M (EHEHPA),
in toluene. 0.1 M (H, Na)CHCI,COO, 25°C, (@) Y, (0) Tb, (4) Dy,
(0) Ho, (©) Er, (v) Tm.

TABLE 1
Extraction Constants and Separation Factors of
Rare Earth Elements in EHEHPA System at 25°C

Element log K., op

Tb -1.65
3.1

Dy -1.15
2.0

Ho -0.85
1.9

Y -0.58
1.5

Er -0.41
3.5

Tm 0.14

Organic phase : 0.02 M (EHEHPA), in toluene.
Aqueous phase : 0.1 M (H,Na)CHCI,COO.
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Application to CPC

The extraction system with EHEHPA was applied to the CPC
procedures for rare earths, Y, Ho and Er, having low separation factors.
The sample solution (1 cm®) containing 1 x 10> M Y or a mixture of Ho
and Er was introduced into the column containing 0.02 M (EHEHPA),~
toluene. Resulted chromatographic peaks on CPC are presented in Fig. 2.
The elution peak of Y was situated between the Ho and Er peaks, in the
agreement with corresponding order in the distribution ratios. The retention
volume became large with rising pH owing to increase in the distribution
ratio. The retention volume can be related to the D value in the ordinary

chromatograph as:

Vg =V, + DV, &)

m
where V and V_ are the volumes of the stationary and mobile phases,
respectively. Plots of the Vp values against the D values determined by
liquid-liquid extraction are shown in Fig. 3. The solid line indicates the
calculated value from Eq.(5) by employing the experimental values of 78
cm® for V., and 47 em? for V,. The experimental points were in fair
agreement with the calculated ones; the retention volumes of rare earths can
be predicted from individual extraction data.

As can be seen in Fig. 2, the chromatogram of Er and Ho was
considerably overlapped at low pH as 1.98, while this chromatographic
separation was improved with an increase in pH. Further, a rise in
temperature improved the peak profile; e.g., the N values for Y increased
from 17 at 25°C to 30 at 40°C. This enhancement may be attributable to
the promotion of extraction rate with the rise of temperature. The
separation factors between Ho and Er were evaluated as close values, 2.8
and 2.7 at 25°C and 40°C, respectively. The resolution of 0.77 at 25°C
was somewhat enhanced to 0.83 at 40°C owing to the increasing N. At
higher temperature of 50°C, no distinct chromatogram was obtained because
of gradual losses of the stationary phase along with the mobile phase.

S . ¢ Y £ Lant} d CPC with EHEHP
Chromatographic separation of Y and lanthanoid elements was
examined by using EHEHPA as the CPC stationary phase at 40°C. The
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FIGURE 2 Chromatograms of Y and the binary mixture of Ho and Er
by CPC with EHEHPA. CPC : 6 cartridges of 250W, 1100 rpm;
stationary phase : 0.02 M (EHEHPA) in toluene; mobile phase : 0.1 M
(H Na)CHCl COO; sample 1 x 102' M Y, or a mixture containing

x 1073 i—lo and Er, 1 cm”.

chromatogram for a mixture of 4 x 103 M Y, Tb and Tm is shown in Fig.
4.  Yttrium was completely separated from Tb and Tm. The other
lanthanoids lighter than Tb will be less retained than Tb due to lower
distribution ratios and heavier lanthanoids than Tm having higher
distribution ratios will be more retained than Tm.

Under the same conditions, the chromatograms for desired lanthanoids,
Dy, Ho and Er, together with Y are presented in Fig. 5. The separation
factor between Dy and Y was relatively high as 3.0, and only a tailing of
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FIGURE 3 Relation between the retention volume and the distribution
ratio in EHEHPA system at 25°C. (0) Y, (o) Ho, (&) Er; the solid
line indicates the calculated value from Eq.(5).
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FIGURE 4 Separation of the ternary mixture of Y, Tb and Tm by CPC
with EHEHPA; 40°C, pH 2.07; sample : 4 x 107> M Y, Tb and Tm,

1 cm”.
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FIGURE 5 Chromatograms of Y, Dy, Ho and Er by CPC with
EHEHPA. 40°C, pH 2.07; sample : 4 x 107> M each rare carth
element, 1 cm”.

the Dy peak reached the Y peak. Large parts of the chromatographic peaks
of Ho and Er overlapped with that of Y, in which the separation factors
were low such as 1.54 for Ho/Y and 1.62 for Y/Er, and the resolutions
were still so low as 0.56 for Ho/Y and 0.72 for Y/Er. These findings
suggest that the chromatographic separation of Y from Ho and Er is
difficult by CPC with the EHEHPA stationary phase, and the Y fraction
will accompany a little amount of Dy and considerable amounts of Ho and
Er. Additional treatment is required for further purification of Y, that is,
the removal of Dy, Ho and Er from the Y fraction.

ction with V

The extractability of lanthanoids by VA10 from 1 M (H,Na)NO; has
been reported to increase with the atomic number and then Y is extracted
very closely to middle lanthanoids rather than heavy lanthanoids (13).
Therefore, the separation of Y from heavy lanthanoids may be performed
by employing VA10 as the stationary phase.

The extraction of Y and related lanthanoids with VA10 in kerosene
was examined. Figure 6 illustrates plots of the distribution ratios of Y and
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jog D

24 5

pH

FIGURE 6 Extraction of Y and Ho with 0.25 M (VA10), in kerosene.
0.1 M NaNOj; and 0.01 M (H, Na)CH;COO, 25°C, (0) YZ, (o) Ho.

TABLE 2
Extraction Constants and Separation Factors between Lanthanoids
and Y in VA10 System

25°C 40°C 55°C
M

log K., op(M/Y) log K., op(M/Y) log K., op(M/Y)

Y -13.27 - -12.47 - -11.87 -
Gd -13.12 1.4
Tb -12.94 2.1

Dy -12.88 2.5 -12.14 2.1 -11.55 2.1
Ho -12.93 2.2 -12.16 2.0 -11.58 1.9
Er -12.92 2.2 -12.12 2.2 -11.54 2.1

Organic phase : 0.25 M (VA10), in kerosene.
Aqueous phase : 0.1 M NaNO,, 0.01 M (H,Na)CH;COO.
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Ho from 0.1 M NaNOj; solution against pH at 25°C. Yttrium was less
extracted than Ho, in the reverse order by EHEHPA. The distribution
ratios of Dy and Er were very close to that of Ho. These plots gave
straight lines with slopes of about 3, and the extraction reaction also
follows Eq. (4). (13,15)

The extraction constants and the separation factors between lanthanoids
and Y are summarized in Table 2. The value of log K, increased with
rising temperaturc in a similar extent for each element. The extraction
constants of heavy lanthanoids were very close to each other, and the value
for Y was smaller than those for heavy lanthanoids. The separation factor
of Y was found to be relatively large above 2 for Tb, Dy, Ho and Er.
The ap, values tend to decrease only slightly with rising temperature from
25°C to 55°C, but they are still close to 2 even at 55°C.

romatographic Behavior o with VA10

On the basis of extraction behavior, the kerosene solution of 0.25 M
(VA10), was employed as the stationary phase and the mobile phase of
0.1 M NaNO; solution was adjusted to an appropriate pH with 0.01 M (H,
Na)CH;COO for CPC separation of Y from heavy lanthanoids. Figure 7
illustrates the CPC chromatograms of a mixture of Y and Ho at different
temperatures. Here, Ho was chosen as a typical accompanying heavy
lanthanoid, because the separation factor for Ho/Y was the lowest among
heavy lanthanoids. The pH of the mobile phase was adjusted to be lower
at higher temperaturc, since the retention volume increased with the rise of
temperature, due to the increase in the distribution ratios of rare earth
elements.

Figure 8 shows the relationship between Vy and D evaluated from the
liquid~liquid extraction for Y and Ho at different temperature. The Vp
values increased linearly with increasing D values, indicating that the
retention behavior of the metal ion corresponds to the distribution behavior.
The Vg values were found to be a little larger than those calculated from
Eq. (5) using experimental values of 65 cm® for V., and 60 em® for V.
This deviation may be due to an increase in the distribution ratio, perhaps

caused by a local rise in temperature in column cartridges near a heater.
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FIGURE 7 Chromatograms of the binary mixture of Y and Ho by CPC
with VA10 at different temperature. CPC : 6 cartridges of 250W, 900
Tpm; stationary phase : 0.25 M (VA10), in kerosene; mobile phase :
0.1 M NaNO;_and 0.01 M (H, Na)CH;COO; sample : 1 x 10°MY
and Ho, 1 cm’.

In Fig. 7, the values of N for both elements increased with rising
temperature, while the separation factor slightly decreased. These opposite
trends for separation efficiency were partially compensated, while the
resolution for Y and Ho slightly increased, such as 0.89 at 25°C, 0.95 at
40°C and 1.0 at 55°C.

Figure 9 illustrates individual chromatographic peaks for Dy, Ho, Er
and Y under the optimum conditions at 55°C. The retention volume for Ho
was a little smaller than those for Dy and Er, as predicted from their

extractabilities. The chromatogram of Y only slightly overlapped with those
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FIGURE 8 Relation between the retention volume and the distribution
ratio in the VA10 system. open : Y, closed : Ho; (O,®) 25°C,
(a,a) 40°C, (O,m) 55°C; the broken line indicates the calculated
value from Eq.(5).
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FIGURE 9 Chromatograms of Y, Dy, Ho and Er by CPC with VA1(.
55°C, pH 4.70; sample : 1 x 107> M each rare earth element, 1 cm>.
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of lanthanoids, and good resolution between Y and each lanthanoid was
accomplished as R, = 1.1 (Ho/Y), 1.3 (Dy/Y) and 1.6 (Er/Y).

S . f Y § R Earth Mi

The separation and purification of Y from lanthanoid mixtures was
performed through subsequent CPC separation steps with EHEHPA and
VA10. A sample solution (1 cm3) containing 4 x 1073 M each of Y, Dy,
Ho and Er was injected to the CPC system using the EHEHPA-toluene
solution as the stationary phase, since other lanthanoids will be readily
separated through the EHEHPA stationary phase. Figure 10 shows the
chromatogram on CPC with 0.02 M (EHEHPA),-toluene. The
chromatogram gave distinct peaks of Dy, Ho and Y, while the peak for Er
was no longer distinguishable from the overlapped peak of Y. The effluent
mobile phase was fractionated from around 230 cm® to 430 cm?
corresponding to the Y elution.

The rare earth elements in the fractionated solution were concentrated
by extraction into a 0.02 M (EHEHPA),-toluene solution at pH > 3, and
then the extracted elements were stripped into 1 M HNO;. The aqueous

, Fractionation

Dy

—t N
[8;] (@]
T T

Absorbance
-
(@}
T

0.5(

S

0 100 200 300 400 500 600 700
Elution volume / cm®

FIGURE 10 Fractionation of Y-rich effluent in the separation of the
mixture of Y, Dy3 Ho and Er by CPC with EHEHPA. 40°C, pH 2.07;
sample : 4 x 107> M Y, Dy, Ho and Er, 1 cm?.
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solution was evaporated to dryness, and the residue was resolved into 8
cm® of water. In these procedures, the recovery of rare earths was
confirmed to be quantitative.

Rare carth elements in the Y fraction through CPC with EHEHPA
were further introduced into the VA10-CPC system. Figure 11 shows the
chromatogram for 1 cm> of the solution on CPC with a 0.25 M (VA10),-
kerosene solution at 55°C. Yttrium was eluted with a mobile phase of pH
4.70 yielding almost base-line separation from the accompanying
lanthanoids. The Y fraction in the region of about 190 — 340 cm?3 was
collected and analyzed by ICP-AES.

Isolation of Y from lanthanoid elements by subsequent CPC treatments
is summarized in Table 3. In the CPC with EHEHPA, most of Dy was
eliminated from the Y fraction, but considerable amounts of Ho and Er
were remained in the Y fraction. By further separation through CPC with
VA10, these residual lanthanoids were entirely removed to less than 0.003
against Y content.

In conclusion, the separation and isolation of Y from chemically
similar lanthanoids was performed through two steps of CPC processes
employing different kinds of stationary phases. Yttrium was fractionated

(@]
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1
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'
v h
< >
v I
' '

0.05t
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0 L IL ! : i ] )
0 100 200 300 400 500 600 700
Elution volume / cm?

FIGURE 11 Separation of Y from Dy, Ho and Er by CPC with VAI0.
55°C, pH 4.70.
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TABLE 3

Separation of Y from Dy, Ho and Er by CPC

EHEHPA VA10

Element
Relative content . Relative content

Yield M]/[Y] Yield IM]/[Y]

Y 0.89 - 0.91 -
Dy 0.0064 0.0071 0.0004
Ho 0.14 0.16 0.0019
Er 0.45 0.51 0.0026

accompanying only a few lanthanoids, Dy, Ho and Er, separated from other
lanthanoid elements lighter than Dy and heavier than Er, by means of the
EHEHPA stationary phase. The Y fraction was further purified by
removing the accompanying lanthanoids through the stationary phase of
VAI10 having sufficient separation factor between Y and heavy lanthanoids.
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SEMI-PREPARATIVE SEPARATION OF
TARAXERYL-ACETATE AND COUMARINS FROM
ARTEMISIA DALAILAMAE KRASCHEN BY
HIGH-SPEED COUNTERCURRENT
CHROMATOGRAPHY

FUQUAN YANG*, QINGYU OU, AND WEILE YU
Lanzhou Institute of Chemical Physics
Chinese Academy of Sciences
Lanzhou 730000
The People’s Republic of China

ABSTRACT

High-speed countercurrent chromatography (HSCCC) has been
successfully applied to the semi-preparative separation of taraxeryl-acetate,
isofraxidin and scopoletin from Artemisia dalailamae Kraschen. The
separations were performed with a two-phase solvent system composed of
chloroform-methanol-water (2:2:1, v/v/v). The main three pure fractions
were analyzed by MS, IR, NMR etc. for structure determination. The results
indicate that the method is suitable for semi-preparative separations of these
compounds.

*Present address; Division Environmental Chemistry, National Institute For
Environmental Studies, Japan Environment Agency, 16-2 Onogawa,
Tsukuba, Ibaraki 305 Japan.
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INTRODUCTION

Countercurrent chromatography (CCC) is a special liquid-liquid
partition chromatography without using solid support matrix. As a result,
CCC eliminates adsorptive loss entirely and denaturation of samples.
Samples can be recovered quantitatively [1]. CCC is very suitable for
preparative separation of natural products.

In the past thirty years, a great advance has been made in CCC. More
than ten sets of CCC instrumentation have come out successively. In the
early of 1980s, especially, an epochmaking development in CCC technique
was brought forth by the discovery of a unique hydrodynamic phenomenon
which led to the development of high-speed countercurrent chromatography
(HSCCC)[2,3]. The new method is characterized by high partition
efficiency and large retention capability of the stationary phase under a high
flow-rate of the mobile phase, yielding efficient separation in a few hours or
less than one hour. Now, HSCCC has developed into analytical and
preparative instrumental approaches.

HSCCC is now finding increasing use in separation problems,
especially in the field of natural products, such as alkaloids[4, 5], flavonoids
[4, 6], flavonol glycosides[7] and plant hormones[8, 9].

This paper presents the results of semi-preparative separations of a
crude chloroform extract from Artemisia dalailamae Kraschen and two semi-
pure fractions of this extract by HSCCC.

EXPERIMENTAL
Apparatus

The multilayer coil planet centrifuge used in the present study was
produced by the Beijing lustitute of New Technology Application, Beijing,
China. The apparatus holds a pair of column holders symmetrically on the
rotary frame at a distance of 8 cm from the central axis of the centrifuge.
The separation column was prepared by winding a long piece of PTFE
tubing, about 110 mm in length, 1.6 mm i.d. and 0.3 mm wall thickness ,
directly onto one of the holder hubs of 6 cm diameter to form a multilayer
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coil. The B wvalue, which is the ratio of the rotational radius to the
revolutional radius, ranges from 0.4 at the internal terminal to 0.7 at the
external terminal. The total capacity of the multilayer coil was measured as
250 ml approximately. The revolution speed of the apparatus is adjustable
with a speed controller in the range from 0-1000 rpm; 800 rpm was used in
the present separations.

The solvent was pumped into the column with a constant-flow pump
(Model PB-1A, Beijing Orient Scientific Instrument Factory, Beijing,
China). A UV detector (Model ZW-1, Beijing Institute of New Technology
Application, Beijing, China) was used to monitor the effluent at 260 nm. A
chromatographic data system (C-R2AX; Shimadzu Kyoto, Japan) was used
to record the chromatogram.

. on of Two-

The samples used in the present experiments were of medium polarity,
so a chloroform-water system was selected as the basic dinary solvent
system with methanol as assistant. A series of chloroform-methanol-water
solvent systems in different proportions were prepared , and the respective
settling time and two-phase volume ratio were determined. A two-phase
solvent system composed of chloroform-methanol-water at a volume ratio
of 2:1:1 was chosen and used in the present experiments. The solvent
mixture was thoroughly equilibrated in a separatory funnel at room
temperature and the two phases were separated shortly before use.

on of :

A crude alcoholic extract from A. dalailamae Kraschen was dissolved
in warm distilled water and the residue removed by filtration. The aqueous
solution was then extracted successively with petroleum benzine, chloroform
and n-butanol. The chloroform extract was evaporated to dryness and then
dissolved in the lower chloroform phase of the two-phase solvent system at a
concentration of about 500 mg/ml. Two semi-pure fractions of isofraxidin
and scopoletin obtained from the separation of this chloroform extract by
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classical silica gel column chromatography followed by crystallization, were
also dissolved in the lower chloroform phase respectively. The three sample
solutions were used in the subsequent experiments.

Separation Procedure

The coiled column was first entirely filled with the upper aqueous
phase as stationary phase, and then the apparatus was rotated at 800 rpm,
while the lower chloroform phase was pumped into the coiled column at a
flow-rate of 1.5 ml/min as mobile phase. When no upper stationary phase
appeared from the outlet of the column and all of the system was in a state of
equilibrium, the sample solution was injected through the sampling port.
The effluent was continuously monitored by a UV detector at 260 nm, and
collected with test tubes according to chromatograms. Three separations
were performed in turn without the renewal of stationary phase.

\entificai

The separations by HSCCC gave four pure compounds, and three of
them were identified as taraxeryl-acetate, isofraxidin and scopoletin by MS,
NMR, IR and element analysis. Their chemical structures were illustrated in
Figure 1.

RESULTS AND DISCUSSION

Table 1 shows the systematic selection of the two-phase solvent system.
A series of solvent systems composed of chloroform-methanol-water were
prepared in different volume proportions. Their settling time and two-phase
volume ratios were determined respectively.

Successful separation by HSCCC is mainly dependent on the selection
of a suitable two-phase solvent system[10]. A two-phase solvent system with
a settling time of less than 30 seconds is desirable for HSCCC
apparatus[2,11,12]. At the same time, in order to avoid the excessive waste
of solvent, the two-phase volume ratio should be close to 1[12]. According
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CH; Xy CHs N
H 0o H 0y
CHs

(a) taraxeryl-acetate (b) isofraxidin (c) scopoletin

Figure 1. Structures of taraxeryl-acetate(a), isofraxidin(b) and scopoletin(c)

TABLE |

Settling Time and Two-Phase Volume Ratios of a Series of Chloroform-
Methanol-Water Solvent Systems.

No. Volume proportion Settling Time Volume Ratio
C-M-wa (seconds) UP/LPD
1 10:0:10 >30 1.0
2 10:1:9 >30 0.95
3 10:2:8 >30 0.94
4 10:3:7 >30 0.93
5 10:4:6 23 0.91
6 10:5:5 15 0.86
7 10:6:4 19 0.74
8 10:7:3 >30 0.52
9 10:8:2 --C --C
10 11:5:5 21 0.82
11 9:5:5 15 0.98
12 8:5:5 15 1.0
13 7:5:5 >30 1.3

a C-M-W: Chloroform-Methanol-Water.
b UP/LP : Upper Phase/Lower Phase.
€ -- : indicates solvent system exists in a single phase.
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to these principles, the result of Table 1 shows that solvent systems of No. 3,
6, 7, 10, 11, 12 are more suitable to HSCCC and especially No.6,11,12, all
with the shortest settling time of 15 seconds would produce much high and
stable retention of the stationary phase in the coiled column of HSCCC. As
the lower chloroform phase would be used as the mobile phase, the two-
phase solvent system of No. 6, which is composed of chloroform-methanol-
water at a 2:1:1 volume ratio, was selected for use in the present
experiments.

Figure 2 shows the chromatogram of separation of the crude chloroform
extract from A. dalailamae Kraschen by HSCCC. The sample size was 0.1
ml (or 50 mg). Three main peaks were eluted in one hour and are labeled as
1, 2, 3 in Figure 2. This separation gave 25.5 mg of 1, 4.4 mg of 2 and 5.0
mg of 3. Their chemical structures were then determined as taraxeryl-acetate,
isofraxidin and scopoletin respectively.

Figure 3 and Figure 4 show the chromatograms of separations of the
semi-pure fractions of isofraxidin and scopoletin by HSCCC.

L

60(min)

e
o

ABSORBANCE (260nm)
[6)]

TIME

Figure 2. Chromatogram of separation of the chloroform extract from A.
dalailamae Kraschen with chloroform-methanol-water (2:1:1), lower phase
mobile, sample size 0.1ml (50 mg), flow-rate 1.5 ml/min. (1) taraxeryl-
acetate, (2) 1sofraxidin and (3) scopoletin.
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Figure 3. Chromatogram of separation of the semi-pure fraction of
1sofraxidin with chloroform-methanol-water (2:1:1), lower phase mobile,
sample size 0.1ml, flow-rate 1.5 ml/min. The largest peak isofraxidin.
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Figure 4. Chromatogram of separation of the semi-pure fraction of
scopoletin with chloroform-methanol-water (2:1:1), lower phase mobile,
sample size 0.1ml, flow-rate 1.5 ml/min. The largest peak is scopoletin.
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The successful identifications of the three compounds show that both
crude extract and semi-pure fractions have been successfully chromato-
graphed. The results show that HSCCC has a good reproducibility and can
be conduced without the renewal of stationary phase before every injection,
when the range of polarity of a sample is not too wide.
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MEETING ANNOUNCEMENT

PrepTech’95
INDUSTRIAL SEPARATION TECHNOLOGY CONFERENCE

February 13 - 15, 1995

Sheraton Meadowlands Hotel
East Rutherford, New Jersey

PrepTech’95 will present an intensive three-day program on industrial
separation science. Technical sessions will provide detailed coverage of current
and emerging technologies by international authorities.

Focusing on practical aspects of industrial separation technology, the program
will include oral presentations, poster sessions, roundtable discussions,
workshops, and an equpment exhibition.

The main focus of the oral presentations will be preparative chromatography.
Topics covered in the poster sessions are intended to broaden the technical
scope by including preparative chromatography; membrane separations; electro-
separations; extraction; centrifugation.

Each day will be based on a theme:
Monday, February 13th - Large Molecule Separations, including
Applications of Affinity Chromatography; DNA Endotoxin Virus
Separations; Protein Separations.
Tuesday, February 14th - Process design, including Process Dsign

Concepts; Economic Issues in Process Chromatography; Clean-in-
Place; Sanitation.
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Wednesday, February 15th - Separation Technology for the 90’s and
Beyond, including Separations of Industrial Importance; Small
Molecule Separations; New and Innovative Separation Techniques.

Further information may be obtained from Ms. Joan Lantowski, ISC Technical
Conferences, Inc., 30 Controls Drive, P. O. Box 559, Shelton, CT 06484-0559,
USA.
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MARCH 6 - 10: PittCon'95: Pittsburgh Conference on Analytical Chemistry
& Applied Spectroscopy, New Orleans, Louisiana. Contact: Pittsburgh
Conference, Suite 332, 300 Penn Center Blvd., Pittsburgh, PA 15235-9962, USA.

APRIL 2 - 7: 209th ACS National Meeting, Anaheim, Calif. Contact: ACS
Meetings, ACS, 1155 16th Street, NW, Washington, DC 20036-4899, USA.

MAY 21: Techniques for Polymer Analysis and Characterization, a short
course, Sanibel Island, Florida. Contact: ISPAC Registration, 815 Don Gaspar,
Santa Fe, NM 87501, USA.

MAY 22 - 24: 8th International Symposium on Polymer Analysis and
Characterization, Sanibel Island, Florida. Contact: ISPAC Registration, 815
Don Gaspar, Santa Fe, NM 87501, USA.

APRIL 25 - 28: Biochemische Analytik '95, Leipzig. Contact: Prof. Dr. H.
feldmann, Inst. fur Physiologische Chemie der Universitat, Goethestrasse 33, D-
80336 Munchen, Germany.

MAY 23: Miniaturization in Liquid Chromatography versus Capillary
Electrophoresis, Pharmaceutical Institute, University of Ghent, Ghent,
Belgium. Contact: Dr. W. R. G. Baeyens, Univ of Ghent, Pharmaceutical Inst,
Harelbekestraat 72, B-9000 Ghent, Belgium.
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MAY 28 - JUNE 2: HPLC'95, 19th International Symposium on Column
Liquid Chromatography, Convention Center, Innsbruck, Austria. Contact:
HPLC'95 Secretariat, Tyrol Congress, Marktgraben 2, A-6020 Innsbruck, Austria.

MAY 31 - JUNE 2: 27th Central Regional Meeting, ACS, Akron Section.
Contact: J. Visintainer, Goodyear Research, D415A, 142 Goodyear Blvd, Akron,
OH 44236, USA.

JUNE 6 - 8: 28th Great Lakes Regional ACS Meeting, LaCrosse-Winona
Section. Contact: M. Collins, Chem. Dept., Viterbo College, La Crosse, WI
54601, USA.

JUNE 11 - 14: 1995 International Symposium and Exhibit on Preparative
Chromatography, Washington, DC.  Contact: Janet Cunningham, Barr
Enterprises, P. O. Box 279, Walkersville, MD 21793, USA.

JUNE 14 - 16: 50th Northwest/12th Rocky Mountain Regional Meeting,
ACS, Park City, Utah. Contact: J. Boerio-Goates, Chem Dept, 139C-ESC,
Brigham Young Univ, Provo, UT 84602, USA.

JULY 9 - 15: SAC'9S, The University of Hull, UK, sponsored by the
Analytical Division, The Royal Society of Chemistry. Contact: The Royal
Society of Chemistry, Burlington House, Picadilly, London W1V 0BN, UK.

JULY 7 - 8 FFF Workshop, University of Utah, Salt Lake City, UT.
Contact: Ms. Julie Westwood, FFF Research Center, Dept. of Chem., University
of Utah, Salt Lake City, UT 84112, USA.

JULY 10 - 12: FFF'95, Fifth International Symposium on Field-Flow
Fractionation, Park City, Utah. Contact: Ms. Julie Westwood, FFF Researcvh
Center, Dept. of Chem. Univ. of Utah, Salt Lake City, UT 84112, USA.

AUGUST 20 - 25: 210th ACS National Meeting, Chicago, Illinois. Contact:
ACS Meetings, ACS, 1155 16th Street, NW, Washington, DC 20036-4899, USA.

SEPTEMBER 4 - 7: 13th International Symposium on Biomedical
Applications of Chromatography and Electrophoresis and International
Symposium on the Applications of HPLC in Enzyme Chemistry, Prague,
Czech Republic. Contact: Prof. Z. Deyl, Institute of Physiology, Videnska 1083,
CZ-14220 Prague 4, Czech Republic.

SEPTEMBER 12 - 15: 5th International Symposium on Drug Analysis,
Leuven, Belgium. Contact: Prof. J. Hoogmartens, Inst. of Pharmaceutical
Sciences, Van Evenstraat 4, B-3000 Leuven, Belgium.
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OCTOBER 18 - 21: 31st Western Regional Meeting, ACS, San Diego, Calif.
Contact: S Blackburn, General Dynamics, P. O. Box 179094, San Diego, CA
92177-2094, USA.

OCTOBER 22 - 25: 25th Northeastern Regional Meeting, ACS, Rochester,
New York. Contact: T. Smith, Xerox Corp, Webster Res Center, M/S 0128-28E,
800 Phillips Rd, Webster, NY 14580, USA.

NOVEMBER 1 - 3: 30th Midwestern Regional ACS Meeting, Joplin,
Missouri. Contact: J. H. Adams, 1519 Washington Dr., Miami, OK 74354-3854,
USA.

NOVEMBER 1 - 4: 31st Western Regional ACS Meeting, San Diego,
California. Contact: T. Lobl, Tanabe Research Labs, 4450 Town Center Ct., San
Diego, CA 92121, USA.

NOVEMBER § - 7: 30th Midwestern Regional Meeting, ACS, Joplin,
Missouri. Contact: J. H. Adams, 1519 Washington Dr, Miami, OK 74354, USA.

NOVEMBER 29 - DECEMBER 1: Joint S1st Southwestern/47th
Southeastern Regional Meeting, ACS, Peabody Hotel, Memphis, Tenn.
Contact: P.K. Bridson, Chem Dept, Memphis State Univ, Memphis, TN 38152,
USA.

DECEMBER 17 - 22: 1995 International Chemical Congress of Pacific Basin
Societies, Honolulu, Hawaii. Contact: ACS Meetings, 1155 16th Street, NW,
Washington, DC 20036-4899, USA.

1996

FEBRUARY 26 - MARCH 1: PittCon'96: Pittsburgh Conference on
Analytical Chemistry & Applied Spectroscopy, Chicago, lllinois. Contact:
Pittsburgh Conference, Suite 332, 300 Penn Center Blvd., Pittsburgh, PA 15235-
9962, USA.

MARCH 24 - 29: 211th ACS National Meeting, New Orleans, LA. Contact:
ACS Meetings, ACS, 1155 16th Street, NW, Washington, DC 20036-4899, USA.

MARCH 31 - APRIL 4: 7th International Symposium on Supercritical Fluid
Chromatography and Extraction, Indianapolis, Indiana. Contact: Janet
Cunningham, Barr Enterprises, P. O. Box 279, Walkersville, MD 21793, USA.
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MAY 7 - 9: VIIth International Symposium on Luminescence Spectrometry
in Biomedical Analysis - Detection Techniques and Applications in
Chromatography and Capillary Electrophoresis, Monte Carlo, Monaco..
Contact: Prof. Willy R. G. Baeyens, University of Ghent, Pharmaceutical Institute,
Harelbekestraat 72, B-9000 Ghent, Belgium.

JUNE 16 - 21: "HPLC '96: Twenticth International Symposium on High
Performance Liquid Chromatography,” San Francisco Marriott Hotel, San
Francisco, California. Contact: Mrs. Janet Cunningham, Barr Enterprises, P. O.
Box 279, Walkersville, MD 21793, USA.

AUGUST 18 - 23: 212th ACS National Meeting, Boston, Mass. Contact: ACS
Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA.

OCTOBER 16 - 19: 52nd Southwest Regional ACS Meeting, Houston,
Texas. Contact: J. W. Hightower, Dept. Chem. Eng., Rice University, Houston,
TX 77251, USA.

OCTOBER 24 - 26: 52nd Southwestern Regional Meeting, ACS, Houston,
Texas. Contact: J. W. Hightower, Chem Eng Dept, Rice Univ, Houston, TX
77251, USA.

NOVEMBER 6 - 8: 31st Midwestern Regional Meeting, ACS, Sioux Falls,
South Dakota. Contact: J. Rice, Chem Dept, S. Dakota State Univ, Shepard Hall
Box 2202, Brookings, SD 57007-2202, USA.

NOVEMBER 9 - 12: 48th Southeast Regional ACS Meeting, Greenville,
South Carolina. Contact: H C. Ramsey, BASF Corp., P. O. Drawer 3025,
Anderson, SC 29624-3025, USA.

1997

APRIL 6 - 11: 213th ACS National Meeting, San Antonio, Texas. Contact:
ACS Meetings, ACS, 1155 16th Street, NW, Washington, DC 20036-4899, USA.

SEPTEMBER 7 - 12: 214th ACS National Meeting, Las Vegas, Nevada.
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899,
USA.
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1998

MARCH 29 - APRIL 3: 215th ACS National Meeting, St. Louis, Missouri.
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899,
USA.

AUGUST 23 - 28: 216th ACS National Meeting, Orlando, Florida. Contact:
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA.

1999
MARCH 21 - 26: 217th ACS National Meeting, Anaheim, Calif. Contact:
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA.
AUGUST 22 - 27: 218th ACS National Meeting, New Orleans, Louisiana.

Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899,
USA.

2000

MARCH 26 - 31: 2i9th ACS National Meeting, Las Vegas, Nevada.
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899,
USA.

AUGUST 20 - 25: 220th ACS National Meeting, Washington, DC. Contact:
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA.

2001
APRIL 1 - 6: 221st ACS National Meeting, San Francisco, Calif. Contact:
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA.

AUGUST 19 - 24: 222nd ACS National Meeting, Chicago, Illinois. Contact:
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA.



412 LIQUID CHROMATOGRAPHY CALENDAR

2002
APRIL 7 - 12: 223rd ACS National Meeting, Orlando, Florida. Contact:
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA.

SEPTEMBER 8 - 13: 224th ACS National Meeting, Boston, Mass. Contact:
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA.

The Journal of Liquid Chromatography will publish, at no charge,
announcements of interest to liquid chromatographers in every issue of the Journal.
To be listed in the Liquid Chromatography Calendar, we will need to know:

a) Name of the meeting or symposium,

b) Sponsoring organization,

¢) When and where it will be held, and

d) Whom to contact for additional details.

Incomplete information will not be published. You are invited to send

announcements to Dr. Jack Cazes, Editor, Journal of Liquid
Chromatography, P.O. Box 2180, Cherry Hill, NJ 08034-0162, USA.



Keep abreast of the latest theoretical and
applied research developments in the fleld with...

Contains over 340 equations,
tables, drawings, and photographs!

Advances in Chromatography

edited by
PHYLLIS R. BROWN, University of Rhode Island, Kingston
ELl GRUSHKA\, The Hebrew University of Jerusalem, Israel

May, 1994 / 456 pages, illustrated / $165.00

Reviewer praise for this valuable series...

“...the articles [are] of high scientific standard, up
to date, very well written, and interesting to read...
well presented and edited.”

—Journal of Chromatography

“...a valuable contribution to the chromatography
literature...belongs in every library used by chro-
matographers.” —Liquid Chromatography

*...maintains the high quality that chromatogra-
phers have come to expect from this invaluable
\ series.” —Journal of Pharmaceutical Sciences

The rapidly expanding growth of the literature on chro-
matography and capiilary electrophoresis makes it
difficult for any single individual to maintain a coherent
view of progress in the field. Rather than attempt to read
the avalanche of criginal research papers, investigators
trying to preserve even a modest awareness of advances
must rely upon authoritative surveys.

Featuring reliable, up-to-the-minute reviews of major devel-
opments in chromatography, this critically praised series
separates the most important advances from an overabun-
dance of supplementary materials.

Internationally acclaimed experts analyze

the most current innovations in their areas of

specialization!

Fumishing more than 800 literature citations, allowing for

further, in-depth study of recent trends in research, Volume

34 examines timely subjects such as

W high performance capillary electrophoresis—
of particular interest to engineers, chemists, biotech—
nologists, and environmental scientists

M gas chromatography, matrix isolation, and infrared
spectrometry—geared toward the needs of food scien-
tists, medical professionals, and agriculturalists

M statistical theories of peak overlap in chromatography
—especially applicable to quality control engineers

M capillary electrophoresis of carbohydrates and proteins
—expressly for pharmacologists, biochemists, biolo-
gists, and medical professionals

M supercritical fluid chromatography—essential for
chemists, environmental scientists, engineers, and
biologists

B and much more!

Advances in Chromatography is an indispensable
resource for all researchers who need to use separation
methods effectively—especially analytical, organic, inor-
ganic, clinical, and physical chemists; chromatographers;
biochemists and biological chemists; agrochemists;
chemical, materials, and quality control engineers; bio-
technologists; toxicologists; pharmacologists; pharma-
cists; physiologists; zoologists; botanists; food, cosmetic,
polymer, and environmental scientists; oceanographers;
research and quality control scientists in academia, gov-
ernment, hospitals, and industry; and upper-level under-
graduate and graduate students in these disciplines.

Contents

High Performance Capillary Electrophoresis of Human
Serum and Plasma Proteins

Oscar W. Reif, Ralf Lausch, and Ruth Freilag
Analysis of Natural Products by Gas Chromatography/
Matrix Isolation/Infrared Spectrometry

W. M. Coleman, Iil and Bert M. Gordon

Statistical Theories of Peak Overlap in Chromatography
Joe M. Davis
Capillary Electrophoresis of Carbohydrates
Ziad El Rassi
Environmental Applications of Supercritical Fluid
Chromatography
Leah J. Mulcahey, Christine L. Rankin, and
Mary Ellen P. McNally
HPLC of Homologous Series of Simple Organic Anions
and Cations
Norman E. Hoffman
Uncertainty Structure, Information Theory, and
Optimization of Quantitative Analysis in Separation
Science
Yuzuru Hayashi and Rieko Matsuda

ISBN: 0—8247—9087—1
Thts book 1s prnied on acid-free papcr

Marcel Dekker, Inc.

270 Madison Avenue, New York, NY 10016
(212) 696-9000

Hutgasse 4, Postfach 812, CH-4001 Basel, Switzerland
Tel. 061-261-8482



And don'’t forget this companion volume...

Advances in Chromatography

edited by
PHYLLIS R. BROWN and ELI GRUSHKA

1993 / 304 pages, illustrated / $135.00

Providing over 600 references, Volume 33 examines top-
ics such as planar chips technology, molecular biochro-
matography, fusion reaction chromatography, enantio-
selective liquid chromatographic separations, and more.

Contents

Planar Chips Technology of Separation Systems:

A Developing Perspective in Chemical Monitoring
Andreas Manz, D. Jed Harrison, Elisabeth Verpoorte,
and H. Michael Widmer

Molecular Biochromatography: An Approach to the
Liquid Chromatographic Determination of Ligand-
Biopolymer Interactions

Iruing W. Wainer and Terence A. G. Noctor

Expert Systems in Chromatography

Thierry Hamoir and D. Luc Massart
Information Potential of Chromatographic Data for
Pharmacological Classification and Drug Design

Roman Kaliszan
Fusion Reaction Chromatography: A Powerful Analytical
Technique for Condensation Polymers

John K. Haken

The Role of Enantioselective Liquid Chromatographic
Separations Using Chiral Stationary Phases in Pharma-
ceutical Analysis

Shulamit Levin and Saleh Abu-Lafi

ISBN: 0—8247—9064—2

Forthcoming...in the Advances
in Chromatography Series

Contents tvoume 35

Approaches for the Optimization of Experimental

Parameters in Capillary Zone Electrophoresis
Haleem J. Issaq, George M. Janini, King C. Chan,
and Ziad El Rassi

Capillary Electrophoresis Coupled with Mass
Spectrometry
Kenneth B. Tomer, Leesa J. Deterding, and
Carol E. Parker
Crawling Out of the Chiral Pool: The Evolution of
Pirkle-Type Chiral Stationary Phases
Christopher J. Welch
Reversed-Phase lon Pair and lon-Interaction
Chromatography
M. C. Gennaro
Chromatographic Characterization of Gasolines
R. E. Pauls
N.M.R. Imaging of Column Liquid Chromatography
Klaus Albert and Ernst Bayer
Error Sources in the Determination of Chromato-
graphic Peak Area Ratios
Veronika R. Meyer

ORDER

Fe————————— — = = Mail today!$< ettty — — — — — — — -1
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=
% S % g g ~ H and Eli Grushka at $165.00 per volume. Please bill my company: P.O. No. "
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Apply the latest advances in andlysis techniques to both
drugs of abuse and athletically banned substances with. ..

ANALYSIS OF [EiE
ADDICTIVE AND

MISUSED DRUGS

edited by
JOHN A.ADAMOVICS

Cytogen Corporation, Princeton, New fersey

October, 1994
800 pages, illustrated
$195.00

This state-of-the-art resource examines the chromato-
graphic and nonchromatographic methods available to identify,
measure, and screen for nonmedical drug use—highlighting
the latest technologies in immunochermical analysis, biosen-
sors, thin-layer gas chromatography, high-performance liquid
chromatography, and capillary electrophoresis.

Provides a comprehensive alphabetic listing of
over 400 controlled-use drugs, including the
drug name, sample matrix, handling procedure,
and mode of detection.

Uniquely integrating the testing for drugs of abuse with the

testing for banned substances in athletes, Analysis of

Addictive and Misused Drugs

@ discusses a paper chromatographic technique employed
extensively to screen for drugs in biological matrices

@ addresses the use of underivatized silica gel with polar
solvents

@ presents a simple and sensitive identification system for

the detection of a broad spectrum of drugs

evaluates the applicability of capillary electrophoresis for

the separation of illicit drugs

describes the most up-to-date robotics technology

delineates an extensive sports drug testing program

suggests approaches to solving forensic problems in

developing countries with limited resources

and more!

Containing over | 700 bibliographic citations and some 200

tables, figures, and equations, Analysis of Addictive and

Misused Drugs is a practical day-to-day guide for analytical,

clinical, forensic, and pharmaceutical chemists and bio-

chemists; pharmacologists; chemical engineers; biotechnolo-

gists; clinical toxicologists; and upper-level undergraduate

and graduate students in these disciplines.

*

*» 400

CONTENTS

Enzyme Immunoassays
Thomas Foley
Biosensors
Jean-Michel Kauffmann and George G. Guilbault
Thin-Layer Chromatography Using the Toxi-Lab System
Sheldon D. Brunk
Reversed-Phase High-Performance Liquid
Chromatography Analysis of Drugs of Forensic Interest
Ira S. Lurie
High-Performance Liquid Chromatography Using
Unmodified Silica with Polar Solvents
Steven R. Binder
Analysis of Seized Drugs by Capillary Electrophoresis
Ira S. Lurie
Thin-Layer Chromatographic Screening and Gas
Chromatographic/Mass Spectrometric Confirmation in
the Analysis of Abused Drugs
Pirjo Lillsunde and Taimi Korte
Robotics and the Analysis of Drugs of Abuse
John de Kanel and Tim Korbar
Drug Testing of Athletes
Sui C. Chan and Jitka Petruzelka
Drug Analysis in South America
Juan Carlos Garcia Fernandez
Appendix: Supplementary Applications and Information
ISBN: 0—8247—9238—%

This book is printed on acid-free paper.

Marcel Dekker, Inc.

270 Madison Avenue, New York, NY 10016

w (212) 696-9000

Hutgasse 4, Postfach 812, CH-4001 Basel, Switzeriand
m Tel. 061-261-8482



Of related interest...

CHROMATOGRAPHIC
ANALYSIS OF
PHARMACEUTICALS

(Chromatographic Science Series/49)

JOHN A. ADAMOVICS CONTENTS

2nd Printing! / 680 pages, iliustrated / $165.00 Regulatory Considerations

Regulatory Considerations for the Chromatographer
‘.. .an excellent reference for those who are involved in the John A. Adamovics

chromatographic analysis of pharmaceutical compounds and Sample Treatment

their formulations. .. ”

. o . o Sample Pretreatment
‘.. .concentrates on concise, practical information which is John A. Adamovics
relevant to a specific area of endeavor”

: . Robotics in the i rator
—jfournal of Pharmaceutical Sciences obotics | Pharmaceutical Laboratory

M. L. Robinson
Chromatography

Thin-Layer Chromatography
John A. Adamovics

“There is no doubt that this book should have wide appeal
to all those interested in pharmaceutical analysis.” —Analyst

y — S Credit Card Gas Chromatography
‘@. and Purchase Orders, Douglas Both
and Customer Service Headspace Analysis of Pharmaceuticals
CALL TOLL-FREE 1-800-228-1160 Robert L. Barnes
Mon.-Fri., 8:30 a.m. to 5:45 p.m. (EST) iohe iauid Ch h
or FAX your order to 914-796-1772 F}f&?i@ﬁiiﬁ? Liquid Chromatography
Mail today! Applications

ORDER FORM 1SBN: 0—8247—7953—3

Mail to: Promotion Dept., MARCEL DEKKER, INC.
270 Madison Avenue, New York, N.Y. 10016

Q) Please send me copy(ies) of Analysis of Addictive and Misused Drugs edited by John A, Adamovics at $195.00 per volume.
QO Please send me copy(ies) of Chromatographic Analysis of Pharmaceuticals edited by fohn A. Adamovics at $165.00 per volume.
Pleose add $1 S0 for postage and handiing per volume; on prepaid orders add only 5.75

| enclose payment in the amount of § by:
QU check O money order  dVisa U MasterCard (4-digit interbank no. }  QAm.Exp.

Card No. Name

Exp. Date Address

Please bill my company: PO. No. City/State/Zip
N.Y. residents must odd opproprate sakes tax. Conadian customers add 7% GST Prces ore subyect to change
without notice.

Signature

{must be signed for credit card poyment) Form No. 099418 Printed in U.S.A.




Gain insight into novel, highly reliable countercurrent
chromatographic techniques and apply them in your work with. ..

Centr-ifugal Partition
hromatography

(Chromatographic Science Series/68)

edited by i
ALAIN P. FOUCAULT ‘

Centre National de la Recherche Scientifique, Paris, France
September, 1994 \
432 pages, illustrated
$150.00 |

his outstanding guide introduces centrifugal parti-
tion chromatography (CPC) for any biphasic sys-
tem—offering in-depth coverage of instrumenta-
tion, theory, liquid-liquid partition coefficients, and
CPC in organic and inorganic chemistry.

Contains over 80 diagrams
for three-solvent systems that
can be applied to virtually all
partitioning, separation, and
purification situations!

Written by international experts from North America. Europe, and
Japan, Centrifugal Partition Chromatography
B examines chromatographic properties, illustrates practical
operations, and gives examples of CPC solutions to real
experimental problems
M highlights the distinction between CPC and high- I
performance liquid chromatography
W explains hydrostatic, hydrodynamic. and overall pressure
u

drops .
discusses solvent systems, strategies for solvent selection,
and the elution mode in CPC

B shows how to design solvent systems for CPC of complex
organic mixtures

M describes carrier-aided CPC for prepurative-scale separa-
tions and the use of CPC as a multistage liquid-membrane
Lransport system

M and much more!

With nearly 800 references, tables, equations, and figures, Centrifu-
gal Partition Chromatography is an incomparable resource for
analytical and pharmaceutical chemists and biochemists, separation
scientists, pharmacologists, and upper-level undergraduate and gradu-
ate students in these disciplines. “

COntents

Operating the Centrifugal Partition Chromatograph,

Alain Berthod, Chau-Dung Chang, and Daniel W. Armstrong
Theory of Centrifugal Partition Chromatography, Alain P Foucault
Pressure Drop in Centrifugal Partition Chromatography,

M. J. van Buel, L. A M. van der Wielen, and K. Ch. A. M. Luyben
Solvent Systems in Centrifugal Partition Chromatography,

Alain P Foucault

Fractionation of Plant Polyphenols,
Takuo Okuda, Takashi Yoshida, and Tsutomu Hatano

Centrifugal Partition Chromatography in Assay-Guided Isolation of Nat-
ural Products: A Case Study of Immunosuppressive Components of

Tripterygium wilfordil, Jan A. Glinski and Gary O. Caviness
Liquid-Liquid Partition Coefficients: The Particular Case of Octanol-

Water Coefficients, Alain Berthod
Centrifugal Partition Chromatography for the Determination of

Octano}-Water Partition Coefficients,

Steven J. Gluck, Eric Martin, and Marguerite Healy Benko

Mutual Separation of Lanthano:d Elements by Centrifugal Partition
Chromatography, Kenichi Akiba

Separator-Aided Centrifugal Partition Chromatography, Takeo Araki

Centrifugal Partition Chromatographic Separauons of Metal Jons,
S. Muralidbaran and H. Freiser

Preparative Centrifugal Partiicn Chromatography, Kodolphe Margraff’
Appendix : Various Ways 1o Fill a CPC

Appendix II: CPC Iastrumentation

Appendix III: Ternary Diagrams

ISBN: 0—8247—9257—2

Thts bouk 13 printed on aculfree paper

Marcel Dekker, Inc.

270 Madison Avenue, New York. NY 10016
{212) 696-9000
Hutgasse 4, Postfach 12, CH-4001 Basel, Switzerland
Tel 061-261-8482




ELECTRONIC MANUSCRIPT SUBMISSION

Effective immediately, manuscripts will be accepted on computer diskettes. A
printed manuscript must accompany the diskette. For approximately one year,
the diskettes will be used, on an experimental basis, to produce typeset-quality
papers for publication in the Journal of Liquid Chromatography. Diskettes must
be in an IBM-compatible format with MS-DOS Version 3.0 or greater. The
following word processing formats can be accommodated:

ASClI DisplayWrite Native
EBCDIC Enable 1.0, 2.0, 2.15
Framework Il 1.0, 1.1 IBM Writing Assistant
Microsoft Word 3.0, 3.1, 4.0, 5.0 Multimate 3.3
Multimate Advantage 3.6 Multimate Advantage Il 3.7
‘Navy DIF Office Writer 4.0, 5.0, 6.0, 6.1
PeachText 5000 2.12 PFS:First Choice 1.0, 2.0
PFS:Write Ver C Professional Write 1.0, 2.0, 2.1
Q&A Write 3.0 RapidFile (Memo Writer) 1.2
Samna Word IV & IV+ 1.0, 2.0  Total Word 1.2, 1.3
Volkswriter 3, 4 Volkswriter Deluxe 2.2
Wang PC Ver 3 WordPerfect 4.1, 4.2, 5.0, 5.1*
WordStar 3.3, 3.31, 3.45, 4.0, XyWrite 11l

5.0, 5.5, 6.0 XyWrite 11} +

* The preferred word processor is WordPerfect 5.1.

Manuscripts and diskettes should be prepared in accordance with the
Instructions for Authors given at the back of this issue of the Journal. They
should be sent to the Editor:

Dr. Jack Cazes
Journal of Liquid Chromatography
P. O. Box 2180
Cherry Hill, NJ 08034



INSTRUCTIONS TO AUTHORS

Journal of Liquid Chromatography is published in the
English language for the rapid communication of research
in liquid chromatography and its related sciences and
technologies.

Directions for Submission

One typewritten manuscript, suitable for direct
reproduction, and two (2) clear copies with figures must
be submitted Since the journal is produced by direct
photography of the manuscripts, typing and format
instructions must be strictly followed. Non-compliance
wiil result in return of the manuscript to the author and
will delay its publication. To avoid creasing, manuscripts
should be placed between heavy cardboards before
mailing.

Manuscripts may also be submitted on computer
diskettes. A printed manuscript must also be submitted
with diskettes because, at the present time, we are
experimenting with manuscripts on diskettes. Diskettes
must be readable with an |BM-compatible comptter
(Macintosh or other type not acceptable) and must be
formatted with MS-DOS 3.1 or greater. Be sure to
indicate the word processing software that was used to
prepare the manuscript diskette.

Manuscripts and computer diskettes should be mailed
to the Editor:

Dr. Jack Cazes

Journal of Liquid Chromatography
P. O. Box 2180

Cherry Hill, Nj 08034

Reprints

Due to the short production time for papers in this
journal, it is essential to order reprints immediately upon
receiving notification of acceptance of the manuscript. A
reprint order form will be sent to the author with the letter
of acceptance for the manuscript. Reprints are availabie
in quantities of 100 and multiples thereof. Twenty (20)
free reprints will be included with orders of 100 or more
reprints.

Format of the Manuscript

1. The general format of the manuscript should be:
Title
Author(s)’ names and full addresses
Abstract
Text Discussion
References

2. Title & Authors: The entire title should be in capital
letters and centered within the width of the typing area,
located at least 2 inches (5.1 cm) from the top of the
page. This should be followed by 3 lines of space, then
by the names and addresses of the authors, also centered,
in the following manner:

A SEMI-AUTOMATIC TECHNIQUE FOR THE
SEPARATION AND DETERMINATION OF
BARIUM AND STRONTIUM IN WATER
BY ION EXCHANGE CHROMATOGRAPHY AND

ATOMIC EMISSION SPECTROMETRY

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

3. Abstract: The title ABSTRACT should be typed,
capitalized and centered, 3 lines below the addresses.
This should be followed by a single-spaced, concise
abstract. Allow 3 lines of space below the abstract before
beginning the text of the manuscript.

4. Text Discussion: Whenever possible, the text
discussion should be divided into major sections such as

INTRODUCTION
MATERIALS

METHODS

RESULTS

DISCUSSION
ACKNOWLEDGEMENTS
REFERENCES

These major headings should be separated from the text
by two lines of space above and one line of space below.
Each major heading should be typed in capital letters,
centered and underlined.

Secondary headings, if any, should be placed flush
with the left margin, underlined and have the first letter of
main words capitalized. Leave two lines of space above
and one line of space below secondary headings.

5. The first word of each paragraph within the body of
the text should be indented five spaces.

6. Acknowledgements, sources of research funds and
address changes for authors should be listed in a separate
section at the end of the manuscript, immediately
preceding the references.

7. References should be numbered consecutively and
placed in a separate section at the end of the manuscript.
They should be typed single-spaced, with one line space
between each reference Each reference should contain
names of all authors (with initials of their first and middie
names); do not use et al. for a list of authors.
Abbreviations of journal titles will follow the American
Chemical Society’s Chemicat Abstracts List of Periodicals.
The word REFERENCES should be capitalized and
centered above the reference list.

Following are acceptable reference formats:

Journal:
1. D. K. Morgan, N. D. Danielson, J. E. Katon,
Anal. Lett., 18: 1979-1998 (1985)

Book:
1. L. R. Snyder, J. ]. Kirkland, Introduction to

Modern Liquid Chromatography, john Wiley &
Sons, Inc., New York, 1979.

2. C. T. Mant, R. S. Hodges, “HPLC of Peptides,"
in HPLC of Biological Macromolecules, K. M.




Cooding, F. E. Regnier, eds., Marcel Dekker,
Inc., New York, 1990, pp. 301-332.

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

9. Only standard symbols and nomenclature, approved by
the International Union of Pure and Applied Chemistry
(IUPAC) should be used.

10. Materiai that cannot be typed, such as Greek symbols,
script letters and structural formulae, should be drawn
carefully with dark black India ink. Do not use any other
color ink.

Additional Typing Instructions

1. The manuscript must be prepared on good quality
white bond paper, measuring approximately 8% x 11
inches (21.6 cm x 27.9 ¢cm). The typing area of the first
page, including the title and authors, should be 5v; inches
wide by 7 inches high (14 cm x 18 cm). The typing area
of all other pages should be no more than 572 inches
wide by 8% inches high (14 cm x 21.6 cm).

2. The title, abstract, tables and references are typed
single-spaced.  All other text should be typed 1%4-line
spaced or double line spaced.

3. 1t is essential to use dark black typewriter or printer
ribbon so that clean, clear, solid characters are produced.
Characters produced with a dot/matrix printer are not
acceptable, even if they are "near letter quality* or *letter
quality.* Erasure marks, smudges, hand-drawn corrections
and creases are not acceptable

4. Tables should be typed on separate pages, one table
to a page. A table may not be longer than one page. If
a table is larger than one page, it should be divided into
more than one table. The word TABLE (capitalized and
followed by an Arabic number) should precede the table
and should be centered above the table. The title of the
table should have the first letters of all main words in
capitals. Table titles should be typed single line spaced,
across the full width of the table.

5. Figures (drawings, graphs, etc) should be
professionally drawn in black India ink on separate sheets
of white paper, and should be placed at the end of the
text. They should not be inserted in the body of the text.
They should not be reduced to a small size. Preferred
size for figures is from 5 inches x 7 inches (12.7 cm x 17.8
cm) to 8 inches by 11 inches (21.6 cm x 27.9 cm).
Photographs should be professionally prepared gossy
prints. A typewriter or lettering set should be used for all
labels on the figures or photographs; they may not be
hand drawn.

Captions for figures should be typed single-spaced on
a separate sheet of white paper, along the full width of
the type page, and should be preceded with the word
FIGURE and an Arabic numeral. All figures and lettering
must be of a size that will remain legible after a 20%
reduction from the original size. Figure numbers, name of
senior author and an arrow indicating "top' should be
written in light blue pencil on the back of the figure.
Indicate the approximate placement for each figure in the
text with a note written with a light blue pencil in the
margin of the manuscript page.

6. The reference list should be typed single-spaced. A
single line space should be inserted after each reference.
The format for references should be as given above.



JOURNAL OF LIQUID CHROMATOGRAPHY, 18(2), (1995)
Contents Continued

Rapid and Sensitive Determination of Thalidomide in

Human Plasma by High Performance Liquid

Chromatography .. ... ... .. ..t iinneens 297
A. Delon, S. Favreliere, W. Couet, Ph. Courtois, and

S. Bouquet

Retention Dependence on Organic Modifier and Interaction

Reagent Concentration in Reversed-Phase Ion-Interaction

3 D 311
M. C. Gennaro, C. Abrigo, E. Pobozy, and E. Marengo

Validation of an HPLC Method for the Determination

of Sodium in LY293111 Sodium, a Novel LTB; Receptor

Antagonist, Using Evaporative Light Scattering Detection ...... 331
J. A. Peterson and D. S. Risley

Simultaneous Microassay of Alfentanil, Fentanil and
Sufentanil by High Performance Liquid Chromatography ...... 339
R. Bansal and J. V. Aranda

Isolation and Quantification of Ivermectin in Bovine
Milk by Matrix Solid Phase Dispersion (MSPD) Extraction

and Liquid Chromatographic Determination .. ............. 349
F. J. Schenck

Kinetics of Azadirachtin Hydrolysis in Model Aquatic

Systems by High-Performance Liquid Chromatography ........ 363

K. M. S. Sundaram, L. Sloane, and J. Curry

Separation of Yttrium from Lanthanoid Elements by
Centrifugal Partition Chromatography ................... 377
S. Nakamura, M. Watanabe, and K. Akiba

Semi-preparative Separation of Taraxeryl-Acetate
and Coumarins from Artemisia dalailamae Kraschen

by High-Speed Countercurrent Chromatography ............ 395
F. Yang, Q. Ou, and W. Yu
Meeting ANNOUNCEMENE . . v v v v v v v v vt oot noooosraensoss 405

Liquid Chromatography Calendar . . . ................... 407



JOURNAL OF LIQUID CHROMATOGRAPHY

Volume 18, Number 2, 1995

CONTENTS

The Influence of Urea on the Retention of Protein in
Hydrophobic Interaction Chromatography ................ 217
W. Feng, X. Jiang, and X. Geng

Simultaneous Determination of Buzepide,

Phenylpropanolamine, and Clocinizine in Pharmaceutical

Preparations by Ion-Pair Reversed-Phase HPLC ............ 227,
G. Cavazzutti, L. Gagliardi, D. De Orsi, and D. Tonelli

Direct HPLC Monitoring of Lipase Activity in Reverse
Micellar Media ...... A A IRt I e AL LG S e S 235
I. Mingarro, H. Gonzdlez-Navarro, and L. Braco

Characterization of Acetylated Anthocyanins in Lowbush
BIUeDErTIes ™ oo ol i L S o b o 5 s 5o 55 s o o mis 0 e ek 3 on s b 245
L. Gao and G. Mazza

Determination of Chlorine and Chlorine Dioxide by

Non-suppressed Ion Chromatography and Application

to Exposure Assessment in the Paper Industry . ............. 261
H. G. Poovey and R. J. Rando

High Performance Liquid Chromatographic Determination

of Ranitidinein Human Plasma ............cc0c0cueune. 277
K. I. Al-Khamis, Y. M. El-Sayed, K. A. Al-Rashood,

and S. A. Bawazir

Further Investigations in HPLC Systems Containing

Silica and Polar Bonded Silica Packing Dynamically

Modified by Camphorsulfonic Acid ....... B A O T s, ) 287
A. Lore, Gy. Szdsz, and Zs. Budvdri-Bdrdny

(continued on inside back cover)

MARCEL DEKKER, INC. New York, Basel, Hong Kong
Contributions to this journal are published free of charge




	Journal of Liquid Chromatography 1995 Vol.18 No.2
	Editorial Board
	The Influence of urea on the retention of protein in hydrophobic interaction chromatography
	Simultaneous determination of buzepide, phenylpropanolamine, and clocinizine in pharmaceutical preparations by ion-pair reversed-phase hplc
	Direct hplc monitoring of lipase activity in reverse micellar media
	Characterization of acetylated anthocyanins in lowbush blueberries
	Determination of chlorine and chlorine dioxide by non-suppressed ion chromatography and application to exposure assessment in the paper industry
	High performance liquid chromatographic determination of ranitidine in human plasma
	Further investigations in hplc systems containing silica and polar bonded silica packing dynamically modified by camphorsulfonic acid
	Rapid and sensitive determination of thalidomide in human plasma by high performance liquid chromatography
	Retention dependence on organic modifier and interaction reagent concentration in reversed-phase ion-interaction hplc
	Validation of an hplc method for the determination of sodium in LY293111 sodium, a novel ltb4 receptor antagonist, using evaporative light scattering detection
	Simultaneous microassay of alfentanil, femtanil, and sufentanil by high performance liquid chromatography
	Isolation and quantification of ivermectin in bovine milk by matrix solid phase dispersion (MSPD) extraction and liquid chromatographic determination
	Kinetics of azadirachtin hydrolysis in model aquatic systems by high-performance liquid chromatography
	Separation of yttrium from lanthanoid elements by centrifugal partition chromatography
	Semi-preparative separation of taraxeryl-acetate and coumarins from artemisia dalailamae kraschen by high-speed countercurrent chromatography
	Meeting Announcement
	Liquid Chromatography Calendar 1995
	Electronic Manuscript Submission
	Contents

