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ABSTRACT

Selective enrichment of rare earth elements and subsequent
separation were performed by high-speed countercurrent
chromatography (CCC) using a multilayer coiled column filled
with a toluene solution of 2 -ethylhexylphosphonic acid mono-2 -
ethylhexyl ester as a stationary phase. A large volume of aqueous
solution containing adjacent rare earth elements, holmium and
erbium, was passed through the column, and then the rare earth
elements  enriched in  the  stationary  phase  were
chromatographically eluted by the mobile phase of an appropriate
pH value.
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Mutual  separation  with  sufficient  resolution  was
accomplished, and approximately linear relationship existed
between the area of elation peak and the quantity of rare earth
element injected.

INTRODUCTION

A high-speed countercurrent chromatography (CCC) using a multilayer
tubing coil is a novel technique for the separation of chemically similar
materials.r4 This chromatographic method is attractive because the stationary
and mobile phases can be selected on the basis of liquid-liquid extraction
behavior. The CCC method was applied to the separation of several organic
materials in the beginning, and in recent years it has seen development in the
application of separations of inorganic materials.so

Rare earth elements are chemically similar and this makes it difficult to
separate one another. Mutual separation of rare earth elements has been
accomplished through CCC by employing acidic organophosphorus compounds
as stationary phase materials.i012 A CCC stationary phase consisting of an
excellent extracting reagent, can afford good separation of rare earth elements,
without the addition of any other chemicals such as complexing agents for
enhancing metal separation.

For the determination of trace elements, a preconcentration step is
required from a large amount of sample. The CCC column can also serve as a
continuous extractor for selective preconcentration of trace elements in the
column by the passing through of a large volume of sample solution.s;z9 The
enrichment of materials of interest and their subsequent separation can be
accomplished by means of a single CCC column.

This successive procedure through the CCC column is desirable, because
it has no extra enrichment step and is free from problems such as,

contamination and loss of desired materials sometimes attributed to support
materials in the column.

The present study deals with enrichment and separation of small amounts
of the adjacent rare earth pair, holmium and erbium, through the CCC column,
containing 2-ethylhexylphosphonic acid mono-2-ethylhexyl ester (EHPA) in
toluene as a stationary phase.
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EXPERIMENTAL

M aterials

The extractant, 2-ethylhexylphosphonic acid mono-2-ethylhexyl ester
(EHPA; PC-s8 A, Daihachi Chemical Ind. Co. Ltd.) was washed with a sodium
hydroxide solution to remove acidic impurities and diluted with toluene.1s
Arsenazo Il (Dojindo Lab.) was used as a post column reagent.

Apparatus

A prototype high-speed countercurrent chromatograph apparatus (HCC-
1A; Shimadzu Corporation) holds two identical column holders. The column
consists of three layers (about 300 helical turns) of polytetrafluoroethylene
(PTFE) tubing with a 1.5 mm inner diameter and ca 150 m length, and a total
capacity of coils is about 268 cms.12 This apparatus was placed in an air-
thermostated box kept at 35°C.

Procedure

The coiled column was first filled with a toluene solution containing 0.02
M (EHPA)2 (M = mol dm'3). An aqueous mobile phase was pre-equilibrated by
contacting with toluene, and pumped "head to tail" into the column under
operating conditions, i.e., a revolutional speed of 800 rpm, a flow rate of 5 cms
min'1 at 35°C. Two alternative methods of sample injection were employed as:
a) Equilibrium injection - The column was fully equilibrated with the mobile
phase before the sample injection; b) Nonequilibrium injection - A sample
solution was directly injected into the column without equilibration of the two
phases and then the aqueous mobile phase was passed through the column
displacing a portion of organic stationary phase.

The sample solution, containing 10+ to 10-3 M of holmium and erbium,
was injected through a sample loop in the case of a small volume (1 cm3) or
through the feeder of the aqueous mobile phase in the case of a large volume,
up to 2000 cm3. The pH of sample solution was controlled with 102 M
(H,Na)HCOO or 103 M (H,Na)CH3COO.

Metal ions were eluted with the mobile phase of an appropriate pH
buffered with 0.1 M (H,Na)CLCHCOO. The eluted rare earth elements were
monitored by spectrophotometric detection of the absorbance, at 650 nm of rare
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earth complexes, by a post-column reaction with 0.014%(w/v) Arsenazo Il in
50%(v/v) ethanol.13 The flow cell was periodically washed by flowing ethanol
to obtain a stable base line.

After the desired rare earth elements were eluted, the apparatus was
stopped, and by introducing a pressurized nitrogen gas into the column, the
column contents were emptied into a graduated cylinder to measure the volume
of the stationary phase retained in the tubing coil.

RESULTS AND DISCUSSION

Liquid-Liquid Extraction of Rare Earth Elements

Extraction equilibrium of rare earth elements (RE) with 2-
ethylhexylphosphonic acid mono-2-ethylhexyl ester (EHPA) has been studied
previously.12,13

Overall extraction equilibrium with EHPA for the rare earth ions into the
toluene solution of EHPA can be expressed by:

M3teg+ 3(HA)2ago M(HA2)30g+ 3H\q 1)

[m (HA2)3Iorgl H* 1%
i (2)
™3 3ha)=)on

where M denotes the rare earth element and (HA):, the dimer of EHPA.

The extraction constant (K,,) and the separation factor (aD), defined as
the ratio of their Kex values, were previously obtained in the toluene/
0.1M(H.Na)CI2CHCOO system at 35°C; the log K*x = -0.80 and -0.35 for
holmium and erbium, respectively, and hence, their separation factor is 2 .8 .12

The extractability with EHPA in aromatic solvents such as toluene is
lower than that in aliphatic solvents for rare earth elements.is For the
chromatographic separation process, the low extractability in toluene is rather
favorable, because a weakly acidic solution is available for a mobile phase.
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Figure 1. Comparison of equilibrium and nonequilibrium injections of the sanple
solution containing holmium and erbium  Revolutional speed: 800 rpnt  flow rate: 5
cme min';; 35°C.  Stationary phase: 002 M (EHPAL in toluene; mobile phese: 0.1 M
(H,Na)CI2CHCOO, pH205. Sanple: 103 M RE, 1 a3 broken: equilibrium injection,
solid: nonequilibrium injection.

Chromatographic Behavior by Equilibrium and Nonequilibrium Sample

Injections

The retention volume (VR) of a desired component is given by the mobile
phase volume (Vm, the stationary phase volume (Vs) and the distribution ratio
(D) as:

VR=Vm+ D Vs 3)

On the basis of the extraction data, chromatographic conditions of stationary
and mobile phases were optimized for the separation of the adjacent elements.

In CCC separation, it is important to provide the stable retention of a
suitable organic solution as the stationary phase in the coiled column. The
volume of stationary phase retained in the column has been found to increase
with increasing revolutional speed and with decreasing flow rate of mobile
phase.1i2 The revolution of 800 rpm and the flow rate of 5 cms min“1 were
adopted to retain an adequate volume of stationary phase.

Figure 1 illustrates typical chromatograms obtained for a mixture of
holmium and erbium, by means of equilibrium and nonequilibrium injections
of 1 cmas sample solution. The elution peaks after equilibrium injection are well
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separated, and almost the same elution peaks with good resolution are also
obtained by nonequilibrium injection.  Thus, these two sample injection
methods before and after phase equilibration, gave no significant effect on
chromatograms and yielded sufficient separation of individual peaks.

Extraction Enrichment of Rare Earth Elements in Column

The enrichment of rare earth elements from different volumes of sample
solution was examined by keeping the total quantity of metal to be constant. A
small volume of sample solution can be readily injected, usually, through a
sample loop; however, a large volume of sample solution should be directly
injected through a inlet path for the mobile phase. Figure 2 presents CCC
chromatograms obtained by nonequilibrium injection of different volume
solutions containing a constant amount (10 6 mol) of each of holmium and
erbium at pH > 3. Rare earth elements of low concentration are sufficiently
enriched and well separated.

In the nonequilibrium injection method, a large volume of aqueous sample
solution passes through the column, simultaneously, displacing the part of
organic solution and forming the suitable stationary phase. There is a
considerable saving in time and in the volume of buffer solution over the
equilibrium injection method. The stationary phase can be available for
repeated runs in the equilibrium injection method, however the volume of the
stationary phase was found to decrease about 1.5 % by one recycled use. In the
present experiments, the Vsvalues before and after chromatographic operations
or repeated runs were confirmed to remain within the region of 125 - 133 cms
through four repeated runs.

Figure 3 shows the effect of the volume of sample solution on the
chromatographic parameters. The VRvalues for erbium and holmium remain
unaltered, irrespective of the sample volume, ranging from 1 to 2000 ¢cm3 and
the almost constant value of the separation factor (ac); a relatively high
resolution (Rs) was obtained.

After the chromatographic operation, each elution fraction was collected
in order to evaluate the recovery of metals. The rare earth elements fractionated
were extracted into 0.02 M (EHPA)2 in toluene, and then stripped and
concentrated in the nitric acid solution. The recovery determined by ICP-AES
was found to decrease slightly from almost quantitative at 1 cms to around 85%
at2000 cms of sample solution.
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Figure 2. Chromatograns for a constant anount of holmium and erbium enriched
from different volumes of sanple solution.  Mobile phase: pH 202-2.06.
Nonequilibrium injection; broken: 5x 106 M RE, 200 cm3 pH 3.47; solid: 106 M RE,
1000 cm3 pH 3.14; dotted: 5x 107 M RE, 2000 cm3 pH 3.46.

Figure 3. Effect of sanple volume on the chromatographic parameters.

<** . ®fm ovin ifO ftmrt H ftn
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Figure4. Chromatograms for different pH of sample solution. Mobile phase: pH
2.04-2.07. Sample: 10'6 M RE, 1000 cm3; nonequilibrium injection; broken: pH 3.03,
solid: pH 3.47, dotted: pH 4.63.

[pH of sanle sdution

Figure 5. Effect of pH of sample solution on the chromatographic parameters.
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0.0

Figure 6. Chromatograms for different concentration ratios of holmium and erbium.
Mobile phase: pH 2.05-2.06. Sample: pH 3.45, 1000 cm3, nonequilibrium injection.

Effect of pH of Sample Solution

For the enrichment of rare earth elements in the column, the pH value is
required to be high enough to extract these metals; that is, the distribution
ratios of holmium and erbium, between the toluene solution 0f0.02 M (EHPA)2
and the sample solution, are expected to be larger than 100 at pH > 3.
Chromatograms obtained after nonequilibrium injection of 1000 cms solutions
in the pH region from 3 to 4.6 are presented in Fig. 4. The elution peaks of
holmium and erbium are considerably separated, but the peak profiles become
slightly broader with an increase in pH values of sample solutions. The
chromatographic parameters evaluated from individual elution peaks are
illustrated in Fig. 5. The number of theoretical plate (N) increases in a lower
pH region, and hence resolution is enhanced. When the sample solution of
higher pH value is introduced into the column, EHPA in the "head" of the
column may become slightly soluble in the mobile phase due to its acid
dissociation. This slight decrease in EHPA concentration in the stationary
phase appears to lead the broadening of the metal bands. In spite of deformed
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profiles of elution peaks, the peak area (S) for holmium and erbium remains
almost unaltered independent of pH value of sample solution. This implies that
quantitative analysis can be performed based on the peak area measurement.
Higher pH value of sample solution is not always desirable, as long as the
desired rare earth elements can be sufficiently collected.

Effect of Metal Concentration in Sample Solution

The enrichment of rare earth elements from a sample solution of 1000
cms was carried out by varying the concentration of each element. As Fig. s
shows, the elution peaks containing different quantity of rare earth elements are
sufficiently — separated from each other. Chromatographic parameters at
different concentrations of erbium are presented in Fig. 7. The retention
volume of erbium slightly decreases with increasing erbium concentration.

The concentration of free EHPA in the stationary phase would be
depressed due to the reaction with higher concentration of erbium, and the
reduced distribution ratio of erbium leads to a decrease in its VRvalue and in
the separation factor. The Rsvalue, however remains high, around 2.

The rare earth elements of different concentrations, ranging from 2 x 107
to 2 x 106 M each, were first enriched and then chromatographed with the
mobile phase of pH 2.07. The resultant typical chromatograms are illustrated
in Fig. 8. The individual peaks of holmium and erbium are well resolved, even
in the case of low concentration of 2 x 10°' M. Complete separation with the
resolution, around 2, was accomplished in a wide concentration region.

Collection of rare earth elements from further dilute solution would be
also possible by passing a large volume of sample solution into the column;
however it takes a longer time, or resolution might be lowered with increasing
flow rate owing to decreasing retention of the stationary phase.

The peak area obtained varying the concentration of holmium and erbium
is plotted in Fig. 9. The peak area varies in proportion to the concentration of
the desired elements. Even in the very low concentration region around 107 M
level, the enrichment, separation and analysis of rare earth elements would
become possible by successive procedure through CCC. The depicted
chromatographic procedure implies not only a good resolution in the separation
of rare earth elements, but also the applicability in their analysis.
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[Er1/106 M

Figure 7. Effect of erbium concentration in the sample solution on the
chromatographic parameters.

Figures. chromatograms for different concentrations of holmium and erbium in the
sample solution. Mobile phase: pH 2.07. Sample: 1000 cm3, pH 3.43-3.44; equilibrium
injection; broken: 2 x 10 °M RE; solid: 5x10' M RE; dotted: 2 x 10'7M RE.
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Figure 9. Effect of the metal concentration in the sanple solution on pesk aress of
draratograTs.
CONCLUSION
The result of the present study with CCC are summarized as follows:
1 Similar chromatograms were observed through CCC by the
alternative sample injections before and after equilibrium of the

stationary and mobile phases.

2. Rare earth elements were efficiently enriched in the stationary phase
from a large quantity of aqueous solution.

3. The rare earth elements enriched were separated from each other with
sufficient resolution.

4. The area of the chromatographic peak varied in proportion to the
quantity of desired metal injected.
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ABSTRACT

A method for counting the number of y-carboxyglutamic acid
(Gla) residues in peptides is presented. The product mixture
generated by partial decarboxylation of a peptide containing
multiple Gla residues is separated by capillary electrophoresis. A
mixture derived from a peptide containing n Gla residues
produces an electropherogram characterized by n + 1 peak
groups. For a given peptide, a linear relationship (r2 > 0.99) is
observed between the average electrophoretic mobility of each
peak group and the representative number of Gla residues
contained by that group. Resolution of peptide isomers is also
obtained, permitting studies of the extent and sequence-
specificity of decarboxylation.

2009
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INTRODUCTION

The increasing use of capillary electrophoresis (CE) in the study of
peptides and proteins is driven largely by the small minimum sample size, high
separation efficiency, and the charge-to-size-based separation selectivity of the
technique.i2 CE studies aimed at elucidating the nature of the post-
translational modifications to which many proteins are subject are of special
interest because the structure, origin, and location of such modifications cannot
be derived from genetic sequence data. These modifications are known,
frequently, to affect only a subset of the protein molecules. Furthermore, the
modifications may differ in a more or less subtle way among subcomponents of
an otherwise homogeneous protein sample,s requiring the development of
characterization methods that are selective to the differing structural features.
An important example of a post-translational modification is the y-
carboxyglutamic acid residue [Gla; side chain -CH2CH(COOH)2], 9 to 12 of
which are located in the N-terminal "Gla domain" portion of several blood
coagulation proteins including prothrombin, factor IX, and others.ss In 1974,
Stenflo et al. employed paper electrophoresis in the earliest characterization of
Gla. They identified Gla in a tetrapeptide derived from prothrombin that
exhibited an electrophoretic mobility that "was too high to be explained entirely
by its amino acid composition.~s It has since been established that a vitamin K-
dependent carboxylase, via a mechanism which is presently the subject of
intense study, directs the in situ production of Gla from Glu residues at the
appropriate positions in certain protein sequences.7;g

The characterization of Gla-containing proteins and peptides is essential
to virtually any studies that involve them. Because the Gla sidechain is acid
labile, however, the presence of Gla cannot be established using many routine
tools, including N-terminal Edman degradation sequencing and amino acid
analysis. We have developed a CE method for counting the number of Gla
residues in a peptide chain. The method relies upon the charge modification
resulting from the in situ decarboxylation of Gla, which leaves a Glu residue.s,10
Non-Gla amino acid side chains are unaffected. A purified n-Gla-containing
peptide is generally subject to partial decarboxylation; that is, the reaction is
terminated before quantitative decarboxylation of the peptide occurs. A family
of molecules having 0, 1, 2,...« Gla residues is produced. At moderate to high
pH, Gla contains two negative charges and Glu contains only one negative
charge. The product mixture of this partial decarboxylation reaction is readily
separated into n + 1 groups of species by CE using a pH 10.0 or 12.0 sodium
tetraborate run buffer. By counting the number of peak groups in the
electropherogram, a determination of the number of Gla residues can be made.
Knowledge of the sample concentration and molecular weight is unnecessary.
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Creighton™ was the first to point out the general usefulness of
electrophoretic analysis of a partially charge-modified sample when he
employed polyacrylamide gel electrophoresis to count the number of cysteine
residues in protein.

The counting of integral numbers of Gla residues is facilitated by the
existence of a linear dependence between the average electrophoretic mobility
of peak groups and the number of Gla residues representative of each group. In
many cases the isomers produced by partial decarboxylation of peptides
containing two or more Gla residues can be resolved, extending the selectivity
of method to include the specific sequential position of Gla residues. This
paper describes the use of this method for counting integral numbers of Gla
residues in peptides and for investigating the sequence-specificity of the
decarboxylation reaction. The opportunity to employ capillary electrophoresis
as an investigative probe of the nature of carboxylase-mediated production of
Gla from Glu is also suggested.

MATERIALS AND METHODS

Materials

Capillary electrophoresis buffer solutions were prepared from sodium
tetraborate and triethylamine supplied by Sigma Chemical Co. (St. Louis, MO);
sodium hydroxide pellets (Fisher Scientific, Pittsburgh, PA) were employed for
pH adjustment. Deionized water for the preparation of all solutions was
obtained from a Hydro (Research Triangle Park, NC) dual-cartridge
purification system. 50 mM HC1 was prepared by dilution of the concentrated
acid obtained from Fisher Scientific. Mesityl oxide was purchased from
Aldrich  (Milwaukee, WI), and DPCC-treated trypsin and diiso-
propylfluorophosphate (DIFP) were obtained from Sigma. Gla-containing
peptides were prepared using solid phase methods and were purified using
reverse phase HPLC. The jV-fluoromethoxycarbonyl-y-carboxyglutamic acid
(Fmoc-Gla) required in the synthesis of these peptides was prepared via the
method of Schuerman et al.12 Bovine prothrombin fragment 1 was isolated as
described elsewhere. 314

Heat-Induced Decarboxylation

The method of Poser and Prices was used for decarboxylation of Gla
residues. Approximately 10-100 pg of Gla-containing peptide was placed in an
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Eppendorf tube, dissolved in about 100 pL of 50 mM HC1, and lyophilized.
The dry salt was then heated (110°C) under vacuum for 15 min to several hours
to achieve partial decarboxylation, or for 10 h or more for quantitative
(complete) decarboxylation. The product mixture was dissolved in a minimal
amount of deionized water containing 0.005 to 0.05% mesityl oxide as a
neutral marker before analysis by CE. Partial tryptic digestion of bovine
prothrombin fragment 1 was accomplished by incubating an aqueous, 2 mg/mL
solution of the protein with trypsin in a 20:1 (w/w) ratio at room temperature.
Hydrolysis was terminated after 1.2 h by addition of an excess of DIFP.

Capillary Electrophoresis

CE was performed using a home-built system similar to that described by
Jorgenson and Lucaks,1is employing a Spellman high voltage power supply
(Plainview, NY). The UV absorbance was monitored with a Linear (Reno, NV)
Model UVIS 200 "on-capillary” absorbance detector set at 220 nm to detect all
peptides regardless of amino acid composition. Separations were performed at
room temperature in a 50 pm id., 360 pm o.d., untreated fused silica capillary
(Polymicro Technologies. Phoenix. AZ). Unless otherwise noted, capillaries
were 100 cm in length (effective length 85 cm). Runs were conducted using an
aqueous buffer of 12.5 to 37.5 mM sodium tetraborate (pH 10.0 or 12.0) that
occasionally contained 0.22% (v/v) triethylamine. All injections were
hydrodynamic and employed a reservoir height differential of 22 cm for 5 to 30
sec followed by a constant-voltage run at 10 to 25 kV. The capillary wjas
flushed with run buffer for 5 min between runs using aspirator suction. Several
minutes of flushing with 0.1 M aqueous NaOH was performed daily to
regenerate the capillary surface.

Electropherograms were acquired using an Apple Macintosh computer
with a Rainin Macintegrator (Ridgefield. NJ) data collection package. Data
was filtered using a 5-point binomial filteris available in the Igor Pro software
package (WaveMetrics, Lake Oswego, OR). For the relative peak area ratio
study shown in Table 2, correction was accomplished by dividing the area of
each peak by the corresponding migration time.1z The smallest peak in each
group of isomeric peaks is defined as 1 area unit; the remaining peaks are
normalized accordingly.

RESULTS AND DISCUSSION

A series of electropherograms acquired after progressively longer
decarboxylation periods of a 1-Gla-containing peptide is shown in Figure 1.
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Figure 1. Electropherograms acquired after the indicated periods of decarboxylation of
a peptide bearing 1 Gla residue. The peptide sequence before decarboxylation was
amino-QTDYRWSKYKD-carboxyl, where y= Gla. The removal of one carboxyl group
effects a pronounced decrease in migration time. Peaks are labeled according to the
number of Gla residues the peptides contain. NM indicates the neutral merker. Run
buffer was 12.5 mM sodium tetraborate containing 0.22% triethylamine (pH 10.0); run
voltage, 25 KV; current, 19 pA; see experimental section for additional details.

Because the high pH CE run buffer favors deprotonation of the carboxyl
functionalities of Gla and Glu, the Gla-containing species contains a greater
negative charge density, and subsequently exhibits a significantly greater
migration time, than that of the Glu-containing product. Partial
decarboxylation of a peptide containing two or more Gla residues generates a
more complex mixture. The diversity of species in such a mixture results in
part from the differing numbers of intact Gla residues contained by the
component peptides. Due to the fundamental difference in charge of the side
chain of Glu and Gla (-1 versus -2, respectively, at ionizing pH), high pH CE
effects the separation of such a mixture into distinct groups of peaks according
to the number of remaining Gla residues. Partial decarboxylation of a "parent”
peptide containing n Gla residues will result in an electropherogram having n +
1 peak groups. For example, the electropherograms for a 2-Gla-containing
peptide (Figure 2) show a primary separation into 3 groups based on the
number of Gla residues (0, 1, or 2) remaining in each species.
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Figure 2 Separations obtained at the indicated times during decarboxylation of a 2-
Gla-containing peptide of sequence N-acetyl-DAYQTDyRWSKYKYKD-carboxyl (y =
Gla). The sequence-specific Gla and Glu composition of the peptides is also indicated
by icons above the peaks; filled triangles represent Gla and open triangles represent
Glu.  NM indicates the neutral marker. Note the resolution of the pair of peptide
isoers generated by decarboxylation of one of the two Gla residues. Run buffer: 188
niM sodium tetraborate containing 0.22% triethylamine (pH 10.0); run voltage, 25 KV;
current, 30 pA; the experimental section contains additional informmation.

As shown by the simple algebraic expressions in Table 1, the maximum
number of groups is fixed at n + 1 for an u-Gla-containing peptide, but the
number of peptide isomers in a given group varies as a function of both the Gla
content of the parent peptide and the Gla content of the group. The
electropherogram in Figure 2 exemplifies the simplest case: the doublet at
about 20.5 min corresponds to the two peptide isomers produced by
decarboxylation of one of the two total Gla residues present on the parent
peptide. Figure 3 shows the electropherogram of a 4-Gla-containing peptide
acquired after a 20-min decarboxylation. The components are separated into
five groups, corresponding to o. 1. 2. 3. and 4 Gla residues remaining per
peptide. The number of peaks in each group corresponds to the number of
isomers predicted using equations given in Table 1 To determine the
quantitative dependence of Gla content on electrophoretic behavior, the average
electrophoretic mobility versus number of remaining Gla residues was plotted
for several partially decarboxv latcd multi- Gla-containing peptides (Figure 4).
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Migration Time (min)

Figure 3. CE separation obtained after partial (1 h) decarboxylation of a peptide
containing 4 Gla residues. The electropherogram shows separation into 5 groups (n + 1
= 5 for a 4-CGlacontaining peptide). The sample was amino-
AQi'RrRyLNKPQYYLNRYAC-carboxyl (y = Gla) before decarboxylation. Peak labels
are explained in the caption to Figure 2 All 16 species expected from partial
decarboxylation of a peptide containing 4 Gla residues are seen.  Run buffer was 15
mM sodium tetraborate (pH 12.0); capillary, 60 cm long (effective length 45 cm); run
voltage, 10 kV; current, 22 pA; additional details are presented in the experinental
section.

Table 1

Species Produced by Partial Decarboxylation of
a Peptide Containing n Gla Residues

Algebraic
Parameter Description
No. of Gla residues in parent peptide n
Total no. of isomeric groups g g=n+l
No. of intact Gla’s remaining in a given group k
No. of isomers i in a given group i =n! I[k!I(n-k)N\

Total possible no. of species s generated s=2"
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The variation in the integral number of Gla residues in a partially
decarboxylated sample gives rise to a corresponding variation in the charge
states of the species. This incremental variation in charge state is in turn
responsible for the observed incremental variation in electrophoretic mobility.
The strong linear correlation (rz > 0.99) supports the assignment of
decarboxylation as the source of the observed -electrophoretic mobility
differences. The existence of this consistent mathematical relationship can be
exploited in assigning peaks in the electropherogram. For example, the
presence of sample impurities may be evidenced by the appearance of one or
more peaks that do not fit a linear mobility pattern. For a sufficiently pure
sample, the general approach of decarboxylation followed by CE analysis
provides a fast, sample-conservative count of the number of Gla residues per
molecule of peptide. Such a digital count is of primary interest in the
characterization of Gla-containing species including mutant proteins, genetic
constructs, and synthetic peptides.

The successful separations of Gla-containing peptide isomers generated by
partial decarboxylation suggest multiple opportunities for further study. In the
separation shown in Figure 3, for example, the individual peaks of the quartet
centered at about 38 min correspond to each of the 3-Gla-containing isomers
that is generated during partial decarboxylation of a 4-Gla-containing peptide.
CE analysis of synthetic versions of these decarboxylation products could be
used to identify the specific isomers, providing insight into the differences in
shape, and hence three-dimensional conformation, that apparently permit their
successful separation. Furthermore, we believe that interests in the sequence-
specificity of both heat-inducedis,19 and chemicalzo22 types of decarboxylation
can be investigated using methods outlined in this report. Shown in Table 2
are preliminary data from an investigation of this sort, which suggests that the
heat-induced decarboxylation of one particular 4-Gla-containing peptide is not
sequence-specific under the conditions employed here. Table 2 provides the
relative peak area ratios obtained as described in the Materials and Methods
section for the electropherogram shown in Figure 3. The approximate equality
of peak areas within each group shows there is no preferential production of
any peptide isomer.

In considering the feasibility of separating Gla-containing peptide
isomers, it must be noted that the theoretical maximum number of species
produced from partial decarboxylation of a complete blood coagulation protein,
which may contain as many as 12 Gla residues, is extremely large (e. g., 210 for
10-Gla-containing prothrombin).  Furthermore, the analyte/capillary wall
adsorptionis and carbohydrate microheterogeneity2s phenomena that generally
complicate CE analyses of glycoproteins would preclude resolution of partially
decarboxylated blood coagulation protein mixtures.
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No. of Gla residues remaining

Figure 4. Plots of average electrophoretic mobility versus number of remaining Gla
residues for three partially decarboxylated peptides thet initially contained 2 Gla
(circles), 3 Gla (squares), and 4 Gla (triangles) residues. The strong linear correlation
(2 099 in all cases) facilitates the counting of integral nuMbers of Gla residues as
described in the text

Table 2

Relative Peak Areas Within Groups of Isomers Produced by Partial
Decarboxylation of a Peptide Containing 4 Gla Residues

No. of Gla Residues Remaining Relative Peak Area Ratio8
1 1.0 113 :1.5:1.2
2 1.6 :1.2 :2.0 : 1.0 : 1.3b
3 1.2 :1.0 : 1.1 : 1.2

aThis data was obtained from the electropherogram shown in Figure 3.
bTwo isomers in this group are poorly resolved, and are thus treated as
a single peak, accounting for the approximately two-fold larger area

seen here.
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Figure 5  Hectropherograns dbtained after partial tryptic digestion of bovine
prothrobin fragent 1, a protein containing 10 Gla residues within the Ntermmal 33
amino acids of the sequence.  Before decarbaxylation, Gla-containing peptides are seen
in the late-migrating region of the electropherogram (A).  Complete decarboxyiation (10
h) of Gla residues to Glu resulted in a decrease in migration time of these peptides (B).
Run buffer wes 25 miVl sodium tetraborate (pH 10.0); run voltage, 25 KV; current, 38
PA  See mein text for additional experimental details.

A primary separation into groups based strictly on the number of Gla
residues remaining, even without resolution of isomers, may nevertheless be
used to count the number of Gla residues in a protein. Proteolytic peptide
mapping constitutes a possible approach to overcoming the limitations of
analyzing intact proteins. Our results for wild type bovine prothrombin
fragment l24 indicate that the Gla-containing peptides in enzymatic digests
conveniently appear in a distinctly late region of electropherograms acquired
using moderate to high pH CE run buffers (Figure 5). These studies suggest
mapping as a convenient means of detecting differences in the chemical
structure of Gla domains, especially the presence of uncarboxylated, mutated,
or modified Gla residues that are of significance to many investigations
involving blood coagulation proteins.
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An application of this method that is of great biological relevance
concerns the study of the nature of vitamin K-dependent, enzymatic
carboxylation of Glu residues to Gla. Many investigations are aimed at
determining whether or not a specific sequential order of carboxylative
production of Gla exists for substrates that are destined to contain multiple Gla
residues. Related studies seek to determine the number of distinct enzyme-
substrate binding events required to effect complete carboxylation of one
substrate molecule. Data from this work may be used to establish the
processivity of vitamin K carboxylase. Complete enzymatic processivity, for
example, would describe the case in which one and only one enzyme-substrate
binding event occurs for production of all Gla residues in a single substrate
molecule. A number of in vitro2Z28nd in vivo2930 investigations of both the
order and processivity of vitamin K carboxylase action have appeared in the
literature. Such studies invariably require characterization of samples resulting
from partial or complete carboxylation of a substrate. The chemical differences
in net Gla content and/or sequential position of Gla residues in these types of
samples are identical to those found in the partially decarboxylated peptide
samples analyzed in the research presented here. CE is apparently very well-
suited for the separation of Gla-containing peptide mixtures generated during
studies of vitamin K-dependent carboxylation.
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ABSTRACT

A simple, rapid, sensitive, reproducible, and accurate reverse
phase HPLC procedure is proposed for the determination of seven
phenolic acids in green coffee samples. The sample preparation
was simple, involving extraction, alkaline hydrolysis, and
liquid/liquid extraction. The chromatographic separation was
achieved using a reverse phase column Spherisorb ODS2 (5pm;
25.0 x 0.46 cm). Gradient elution was carried out using water-
formic acid (19:1) (A) and methanol (B). The effluent was
monitored by a diode-array detector and chromatograms were
recorded at 320 nm.

2023
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The detection limit value of the method was 0.09 (ig/mL and
the method was precise(CV%= 0.5%; n=10). Recovery values of
caffeic acid from spiked green coffee samples were between 88.3
and 93.2%.

INTRODUCTION

Chlorogenic acids (CGA) are a group of compounds well represented in
coffee beans (5-10% ).'2 Chemically, CGAs comprise a group of esters of
quinic acid with some specific phenols, mainly caffeic, ferulic, ar.d p-coumaric
acids known collectively as hydroxycinnamic acids (HCAS) The real
contribution of these compounds to flavor in roasted coffee and the real
importance in coffee quality remains not well understood.13 By enzymatic or
alkaline hydrolysis, HCAs can be obtained from endogenous CGAS in green
coffee and can be of importance in its quality control.4s

Monitoring hydroxycinnamic acids in coffee can be useful, particularly for
the coffee industry, both for assessing their levels in raw materials before and
after roasting and also to help the definition of authenticity of the commercial
coffee varieties and for a possible characterisation of their geographical
origins.4's Due to their significative absorption and characteristic shape under
UV, spectrophotometric methods are the most frequently used for global
determinations of CGAs. Discrimination and specification of CGAs and their
isomers are achieved by specific colorimetric reactions: and by HPLC
techniques, respectively.7,s89 However, the methodologies for individual HCAs
are quite scarce in literature; thus an adequate methodology is required. The
aim of this paper, herein, is to describe an adequate, simple, reproducible, and
accurate technique for simultaneous determination of seven phenolic acids in
green coffee samples: caffeic, p-coumaric, ferulic, o-coumaric. 3,4-
dimethoxycinnamic, 3,4,5-trimethoxycinnamic and 4-methoxycinnamic.

MATERIALS AND METHODS

Coffee Samples and Standards

Green Arabica (Honduras) and green Robusta (Uganda) coffee beans were
supplied by the coffee industry. Green coffee beans were ground in a hammer
mill to pass o.se mm.
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CafFeic acid, p-coumaric acid, ferulic acid, o-coumaric acid, 3,4-
dimethoxycinnamic acid, 3,4,5-trimethoxycinnamic acid, 4-methoxycinnamic
acid were obtained from Sigma Chemical Co.

Extraction of Phenolic Acids from Coffee

A 5 g portion of green coffee bean samples, finely powdered, was blended
with 60 mL of methanol/water (40/60),9 during 24h. The mixture was filtered
and the filtrate concentrated under vacuum (40°C) to a volume of 5 mL. This
solution was hydrolysed with 5 mL of 2N NaOH for 240 min. The pH of the
mixture was adjusted to pH 7.00 with 2N HC1 and the phenolic acids were
extracted by liquid/liquid extraction with ethyl acetate (20mLx3). The extracts
were then combined and the ethyl acetate removed under reduced pressure.
The residue was dissolved in 7 mL of methanol and 20 pi were analysed by
HPLC.

HPLC Analysis of Phenolic Acids

Separation of phenolic acids was achieved with an analytical HPLC unit
(Gilson), using a reverse phase Spherisorb ODS2 (5pm, particle size; 25.0 x
0.46 cm) column. The solvent system used was a gradient of water-formic acid
(19:1) (A) and methanol (B). The gradient was as follows: O- 15% B, 10’-
25% B, 25’-30 % B. 30’-35% B, 34’-50% B, 41°-70% E, 43°-75% B, 47°-80%
B. Elution was performed at a solvent flow rate of 0.9 mL/min. Detection was
accomplished with a diode-array detector, and chromatograms were recorded at
320 nm.

The different phenolic acids were identified by chromatographic
comparisons with authentic standards and by their UV spectra. Quantification
was based on the external standard method.

RESULTS AND DISCUSSION

Analytical Curve and Detection Limit

Under the assay conditions described, a linear relationship between the
concentration of phenolic acids and the UV absorbance at 320 nm was
obtained. This linearity was maintained over the concentration range 4-400
pg/mL. The correlation coefficient for each standard curve invariably exceeded
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Time

Figure 1. HPLC profile of a standard solution of phenolic acids. Detection at 320 nrm
(1) Caffeic acid; (2) pcoumaric acid; (3)Ferulic acid; (4)o-coumaric acid; (5)3.4-
dimethoxycinnamic acid; (6)3.4.5trimethaxycinnamic acid; (7) 4+methoxycinnarmic
add.

0.99 for all phenolic acids. The calibration curves for phenolic acids were
obtained by triplicate determinations of each of the calibration standards; the
peak area values (arbitrary units) were plotted as average values. The relative
percent average deviations of triplicates were less than 2% in all cases. The
average regression equation for caffeic, p-coumaric, ferulic, o-coumaric, 3,4-
dimethoxycinnamic, 3,4,5-trimethoxycinnamic, and 4-methoxycinnamic acids
were: y=3.62 x 108x + 131114.3, y = 3.46 x 108x + 13614836, y = 4.10 x 108x
+ 151863.6, y = 2.23 x 108x + 60385.32, y = 2.67 x 10s + 172406.5, y = 1.87 x
108 + 68167.15, andy = 2.37 x 108x + 140739.3, respectively.

Given the similarity of the chemical structures of the acids analysed and,
therefore their UV spectra and absortivity, the detection limit and precision of
the method were determined only for caffeic acid. The detection limit value
was calculated for caffeic acid as the concentration corresponding to three times
the standard deviation of the background noise and was 0.09 pg/mL.
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Figure 2. HPLC phendlic acids profile of a green Arabica coffee sample fram
Honduras. Detection at 320 nrm (1) Caffeic acid; (2) p-coumeric acid; (3)Ferulic acid;
(Ao-coumaric acid; (5)3 4-dimethoxycinnamic acid; (7)4-methoxycinnamic acid.

Validation of the Method

The chromatogram obtained for standard phenolic acids solution is shown
in Figure 1. The retention times (RT) obtained for phenolic acids were: RT
12m33s for caffeic acid, RT 18m33s for p-coumaric acid, RT 21m7s for ferulic
acid, RT 24m56s for o-coumaric acid, RT 33m55s for 3,4-dimethoxycinnamic
acid, RT 34m49s for 3,4,5-trimethoxycinnamic acid, and RT 38ml3s for 4-
methoxycinnamic acid.

As an example, Figure 2 shows the HPLC phenolic acid profile of a green
coffee sample from Honduras. The unidentified compounds had identical UV
spectra when recorded with a diode-array detector, with identical shape and
maximum at 320 nm, which suggested that they could be hydroxycinnamic
acids. Results from quantification applied to two samples (from Honduras and
Uganda) are shown in Table 1.
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Table 1

Phenolic Acids Content in Green Coffee Samples*

Honduras Uganda
(Coffea Arabica) (Coffea Robusta)

g/kg = SD g/kg £ SD
Caffeic 1.051 +0.0007 1.125 +0.01
p-coumaric 0.340 = 0.03 0.302 £ 0.007
Ferulic 0.841 +0.0007 1.153 £0.05
0-coumaric 0.200 £ 0.005 0.165 = 0.005
3,4-dimethoxycinamic 0.056 + 0.0042 0.489 + 0.02
3,4,5-trimethoxycinamic 0.734 £ 0.05
4-methoxycinamic nq

*Values are expressed as mean = SD of three determinations,
ng - Not quantified.

Table 2

Recovery of Caffeic Acid from a Spiked Green Coffee Sample

Present Added Found* Standard cv Recovery

(9/kg) (9/kg) (9/kg) Deviation (%) (%)
0.2 1.047 0.05 7.6 93.2

0.924 0.3 1.141 0.02 17 93.2
0.4 1.169 0.03 25 88.3

“‘Mean value found for 3 assays for each studied concentration

The precision of the analytical method was evaluated by measuring the
peak chromatographic area of caffeic acid, 10 times on the same sample. The
standard deviation was 0.006 and the coefficient of variation was 0.5%. In
order to study the recovery of the procedure, and bearing in mind that the
method includes an alkaline hydrolysis, one coffee sample was added to known
quantities of 5-caffeoylquinic acid and recovery percentage calculated as caffeic
acid. The sample was analysed in triplicate before and after the addition
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of 5-caffeoylquinic acid. Thus, this procedure demonstrated the effectiveness of
the extraction and hydrolysis step and the accuracy of the proposed method.
The results are listed in table 2. Recovery values were between 88.3 and
93.2%.

In conclusion, this study suggests that the technique herein is quite useful
for the analysis of phenolic acids in samples, allowing the separation and
quantification of the main coffee phenolic acids. This technique can be useful
to help in the differentiation of coffee varieties and. hypothetically, for the
characterisation of their geographical origin.
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ABSTRACT

Application of mobile phase flow programming to effect fast
liquid chromatographic analysis of multi-components sample in
short narrowbore columns was investigated. It was found that
the generally accepted limited power of flow programming can,
nevertheless, be enhanced by the right configuration of operating
parameters, such as column I.D. and length, particle size of
packing material, mobile phase, detector cell volume, etc.
Average reproducibility of flow programming in the separation of
five aromatic compounds were 0.18 % in retention time and 6.0
% in peak area. Initial flow rate was restored within 1 minute,
all of which are favourable for reliable and fast analysis in
routine HPLC laboratory.

INTRODUCTION

In the chromatographic separation of complicated samples containing
components with great difference in capacity factor, chromatographers usually
employ mobile phase gradient elution or temperature-programming (especially

2031

Copyright © 1997 by Marcel Dekker, Inc.



2032 HE AND LEE

in GC). Flow programming is often considered limited and has rarely been
used. Among the limited number of publications on flow programming, most
are on its application in GC with few in HPLC.14

Narrow bore columns (2.0 mm 1.D) are columns whose diameter are
between that of microbore (<1.0 mm 1.D.) and conventional columns (4-5 mm
1.D.).  With special size, narrow bore columns have some combined
characteristics possessed by microbore and conventional columns. Narrowbore-
LC can be easily implemented on conventional equipment with little
modification, while maintaining some advantages possessed by micro-LC, such
as reduction in solvent and stationary phase consumption, and higher mass
sensitivity.s'o

This paper reports the application of flow programming in LC using a 10
cm x 2.0 mm 1.D. narrowbore column. We discuss the use of the appropriate
combination of column length and 1.D., particle size of packing material,
mobile phase, and flow cell volume in order to achieve fast separation of some
aromatic compounds.

EXPERIMENTAL

Instrumentation and Reagents

Chromatography was carried out with a JASCO (Tokyo, Japan) Model
PU980 pump, a Model 7825 Rheodyne (Cotati, CA, USA) injection valve
equipped with 5-p.L loop, and a programmable Model 786A UV absorbance
detector (Applied Biosystems, Foster City, CA, USA), connected to a Shimadzu
(Tokyo, Japan) Model CR-6 A integrator. A prepacked (C,8) short narrowbore
column (100 mm x 2.0 mm I.D.) (Upchurch, WA, USA) was used.

Alkylphenols were purchased from Fluka (Buchs, Switzerland)).
Benzene, toluene, ethylbenzene, acenaphthene, dibenz[a,/?]anthracene were
obtained from Sigma (St. Louis, MO, USA). LC-grade methanol, acetonitrile,
and water from a MilliQ purification system (Millipore, Bedlford, MA, USA)
were employed.

RESULTS AND DISCUSSION

The successful application of flow programming for faster analysis
requires the appropriate configuration of the LC system. It is known that
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solvent gradient elution can be easily implemented in conventional columns
(e.g. 25 cm x 4.6 mm 1.D.), but much more difficult in microbore columns (I.D.
< 1 mm). On the other hand, temperature programming can be easily
performed in microbore columns (small heat capacity), but more difficult in
conventional columns (large heat capacity). With regards to flow
programming, it can be more easily and effectively implemented in short
narrowbore columns (e.g. 100 mm x 2.0 mm 1.D.).

Firstly, a short narrowbore column with plate numbers around 4000 is
efficient enough for many routine analyses whose requirements for efficiency
are usually within the range of several hundred to several thousand plates.
Using a long standard column with much higher efficiency is unnecessary and
is sometimes a “waste” of column efficiency, analysis time, and solvent
consumption. Secondly, a short narrowbore column has lower resistance which
makes it possible for flow programming to be used across a wider range of flow
rates and allows for a more rapid change in flow rate. Thirdly, a much lower
volumetric flow rate (about 5 times lower than that in a conventional column)
is required to generate high linear velocity in a narrowbore column. A high
programming rate can be more easily achieved with great reduction in solvent
consumption. Further, low volumetric flow rates (often less than 0.8 mL/min)
cause less damage to pumps, extending their lifespans, and reducing
mechanical trouble. At above the optimal flow rate, :he HETP curve for a
narrowbore column is flatter than for a conventional column, allowing for
increasing flow rate without much compromising separation, especially for
late-eluting bands.s In addition, a narrowbore column is compatible with most
conventional HPLC equipment, unlike a microbore column putting stringent
demands on many parts in HPLC.

Particle sizes of 3pm, 5pm and 10pm of LC packing materials are
commonly available.  Short columns packed with 3-pm particles provide
greater resolving power per column length. The column can be run at higher
flow rates with little reduction in the number of theoretical plates.i.o The
3-pm column, however, is not without disadvantages. It is often run at much
higher back pressure, which is caused by fines present in the particle size
distribution. Usually 0.5-pm porosity column inlet frits are used; these can
plug easily and cause excessive back pressure, leading to short column
lifetimes. In addition, the column often exhibits >3 - 3.5 dp plate height,
greater than 2 - 2.5 dp plate height typical of well-made commercial columns
packed with 5-pm particles. Finally, the sharp, low volume peaks are often
degraded because of extra-column effects..o A short narrowbore column
packed with 10-pm particles often exhibits inadequate efficiency for some
routine separations. Further, the plate height increases more rapidly with



2034 HE AND LEE

Figure 1. Viscosity curves of waterorganic solvent mixture

velocity, which makes the column inappropriate for high speed analysis,
although it is a preferred choice in the view of low flow resistance. In the
present work, 5 pm was chosen as the size of packing material. This represents
a good compromise when considering column efficiency, back pressure, and
extra-column dispersion effects.

Emphasis in the following was placed on choosing an appropriate solvent
system and testing the effects of detector cell volume on flow programming.

In mobile phase flow programming, the programming range is often
limited by the back pressure that the pump, injector and column can handle.
For routine operation, the back pressure should be less than 197 atm (2900 psi).
The viscosity of the eluent has a great effect on the system back pressure.
Acetonitrile has the lowest viscosity among the four most popular organic
solvents (the other three being methanol, ethanol, and tetrahydrofuran), used in
reversed-phase LC. Further, the viscosity of an acetonitrile-water eluent varies
only slightly within the whole range of different acetonitrile-water ratios with

Figure 2. (right) Comparison of flow programming LC and constant flow LC.
Separation of 5 alkyphenols using two different mobile phases: acetonitrile:water
(54%:46%) and methanol:water (68%:32%). Column: 100 mm x 2.0mm |.D.; stationary
phase: Cis (5- pm particle size) Peaks: 1) p-Ethylphcnol, 2) p-Propylphenol, 3) p-
Butylphenol, 4) p-Heptylphenol, 5) p-Octylphenol
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back pressure remaining low (Fig. 1). Hence, mobile phase flow programming
can be performed satisfactorily within almost the whole range of mixing ratios
without sacrificing selectivity.

Figure 2 shows the chromatograms of 5 alkylphenols obtained by constant
flow and flow programming modes, for acetonitrile:water (54%:46%) and
methanol:water (68%:32%) eluent mixtures. The two mobile phases
ODare similar solvent strengths and selectivities for early eluting peaks. The
viscosity of acetonitrile:water is, however, only about half of that of
methanol:water. As shown in Fig. 2, flow programming when acetonitrile-
water eluent is used can be performed across a wider flow rate range (0.1 -o0.6
mL/min) with pressure still below 200 atm (2940 psi). Flow programming is
effective in reducing analysis time by half whilst maintaining the resolution of
the three early- eluting peaks. On the other hand, as shown in Fig. 2b, with
methanol-water, flow programming can be performed only within a narrow
range of 0.1 - 0.3 mL/min when the back pressure is over 200 atm. Analysis
time is only slightly reduced compared with the constant flow mode. Further,
the last two bands are baseline separated when acetonitrile-water is used, but
not when methanol-water is used. In this case, acetonitrile-water mobile phase
is preferred to methanol-water not only insofar as the flow programming range
is concerned, but also in terms of selectivity.

In the miniaturized HPLC, the achievement of theoretical limit of speed is
limited by the extra-column dispersion which comes primarily from the
injector, detector, and connecting tube. The external column band broadening
becomes very critical, especially for early elution peaks with low k' values,
when column internal diameter, length and particle size are decreased.s Hence,
appropriate choice of detector cell volume, injection volume, and connecting
tube is necessary in order to obtain the maximum performance from short
narrow-bore column with flow programming. In this work, we investigated the
effect of detector cell volume.

Figure 3 shows the chromatograms of five aromatic compounds. As can
be seen, early-eluting peaks are unresolved using constant flow mode with a
detector cell volume of 12 pL (Fig. 3a). Improvement in the resolution of these
coincident peaks, and reduction in analysis time were obtained by using flow
programming together with a smaller-volume flow cell (2.4 pL) (Fig. 3b).

In flow programming (Fig. 3b), the initial flow rate was restored and
stabilized within 1 minute, which was much shorter than that required in
solvent gradient elution and temperature programming operations. Taking this
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Figure 3. Effect of detector cell volune on flow progranmring LC. Conditions: (a) 12-
pL cell with corstant flowat 0.2 mL/min () 2-pL cell with flow progranming initial
0.20 mL/min, then increasing to 0.40 mL/min after 4 min., then further increase 1 0.8
mL/min after 6 min. Peaks: 1) Berzene, 2) Toluene, 3) Ethyl berzere, 4) Acengphithere,
5) Dibenz[afi,]-anthracere.

into consideration, the total analysis time is in some cases even shorter than
those required for solvent gradient and/or temperature programming.

The retention time and concentration reproducibilities for 12 consecutive
flow-programmed runs were calculated, and showed an average relative
standard deviation of 0.18 in retention time and 6.0 % in peak area, which are
favourable for reliable routine analysis.
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CONCLUSION

Compared with conventional or microbore columns, short narrowbore
columns with flow programming provide a more practical configuration for fast
analysis of multi-component samples in a routine HPLC lab. The power of
flow rate programming, though still limited, can be expanded through the
appropriate combination of some operating parameters, including column
length, 1.D, particle size of packings, solvent type, and detector cell volume. In
routine analysis where the sample is not very complicated, flow programming
with short narrowbore column can be used as an alternative to temperature
programming and solvent gradient elution while providing simplicity in
operation, better reproducibility of chromatographic behaviour, and even
shorter overall analysis times in some cases.
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ABSTRACT

An HPLC assay for the analysis of cisatracurium and its
metabolites, laudanosine and the cis-monoquatemary alcohol
(MQA), in human urine was developed. The assay involved
solid-phase extraction followed by HPLC analysis on a strong
cation exchange column with fluorescence detection. Linear
regression was used to quantitate cisatracurium and its
metabolites over the concentration ranges 10 to 2000 ng/mL for
cisatracurium and 10 to 1000 ng/mL for the metabolites. The
lower limit of quantitation for the assay was set at 10 ng/mL.
The accuracy of the assay ranged from 6.6 to 17.0% for
cisatracurium, -1.3 to 2.7% for laudanosine, and 0.2 to 3.4% for
MQA. The precision of the assay ranged from 4.7 to 14.0% for
cisatracurium, 4.6 to 7.7% for laudanosine, and 3.3 to 7.4% for
MQA. The assay is specific for cisatracurium and its metabolites
and no interfering endogenous peaks were observed in human
urine.  Cisatracurium, laudanosine and MQA were stable in
acidified human urine (-20°C) for at least 9 months.
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Cisatracurium and its metabolites were also stable in acidified
stock solutions and in urine after three freeze-thaw cycles. The
mean recoveries for cisatracurium, laudanosine, MQA. and the
internal standard from human urine were 104.4, 91.9. 91.9 and
93.4%, respectively.

INTRODUCTION

Cisatracurium. (IR, 2/?)-2,2'-[pentamethylcnebis(oxycarbonylethylene)]
bis- (1,2,3,4-tetrahydro-6,7-dimethoxy-2-methyl-l-veratrylisoquinolinium) di-
benzenesulfonate. (Figure 1). is an investigational intermediate-acting non-
depolarizing neuromuscular blocking agent.: Cisatracurium is one of ten
isomers contained in atracurium and represents approximately 15 percent of the
atracurium mixture.  Cisatracurium has similar neuromuscular blocking
properties to atracurium.2 However, it is more potent and is significantly
weaker as a histamine releaser than atracurium. In vitro studies have shown
that cisatracurium spontaneously degrades at physiological pH via Hofmann
elimination to form laudanosine (Figure l).1 In human plasma, cisatracurium
is also metabolized by esterases to the monoquaternary alcohol. The other
potential product of ester hydrolysis, the monoquaternary acid, has not been
detected in vitro in  human plasma.: A high-performance liquid
chromatography (HPLC) method was developed to quantitate cisatracurium
and two of its metabolites in human plasmass The assay was adapted for
human urine to support clinical studies designed to investigate the excretion of
cisatracurium and the two metabolites. This report describes the accuracy,

precision, and specificity of the assay and the stability of cisatracurium and its
metabolites in human urine.

MATERIALS AND METHODS

Chemicals

Cisatracurium and the cis-monoquatemary alcohol (MQA) were
synthesized at the Wellcome Foundation, Dartford, Kent, UK. Laudanosine
was purchased from Aldrich Chemical Co., (Milwaukee, WI). The internal
standard, N-methyl laudanosine, was synthesized at the Wellcome Foundation,
Dartford, Kent, UK. High purity sulfuric acid was purchased from GFS
Chemicals (Columbus, OH). All solvents used were HPLC grade (Omnisolv,
EM Science, Cherry Hill, NJ).
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Figure 1 HPLC chromatograns of cisatracurium, its metabolites and internal standard.

Instrumentation

The HPLC system used consisted of either a Hewlett Packard model 1090
with autosampler and column heater (Hewlett Packard, Avondale, PA) or a
Waters Model 600 multisolvent delivery system with a model 712 WISP
injector (Waters Associates., Milford. MA) and a Systek thin foil heating
system (Systek, Minneapolis, MN). A Hewlett Packard model 1046A
fluorescence detector was used with both systems. The fluorescence excitation
and emission wavelengths were optimized at 230nm for excitation and 315nm
for emission. A Spherisorb® strong cation exchange (SCX) HPLC column
(250 mm x 4.6 mm. Phase Separations, Norwalk,CT) was used for the
analyses. The column was maintained at 50°C. The HPLC system was
programmed to deliver acetonitrile:7 mM sodium sulfate in 0.5 mM sulfuric
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acid (6:4,v:v) for 18 min. followed by acetonitrile:56 mM sodium sulfate in 0.5
mM sulfuric acid (6:4,v:v) for 11 min, returning to the initial condition to re-
equilibrate for 5.5 min. The flow rate was 2 mL/min and the column
temperature was 50°C. Data were collected and analyzed with VG Multichrom
software (VG data systems. Altrincham. Cheshire, UK) on a VAX 6000-320
computer (Digital Equipment Corp., Maynard, MA).

Preparation of Calibration Standards and Control Samples

Urine samples containing cisatracurium must be acidified to prevent the
degradation by Hofmann elimination and ester hydrolysis.2  Calibration
standards and quality control samples were prepared by adding aliquots of the
standard solutions to acidified control urine. For every 1 mL of urine, 4 mLs of
0.05M citrate buffer (pH 3.05) were added. Calibration standards ranged from
10 to 2000 ng/mL for cisatracurium and 10 to 1000 ng/mL for laudanosine and
MQA. Urine quality control samples spiked at five concentrations (50, 500,
1000, 5000. and 10,000 ng/mL for cisatracurium and 50, 250, 500, 2500, and
5000 ng/mL for laudanosine and MQA) were prepared by adding aliquots of
standard solutions (prepared separately from the calibration standards) to
acidified control urine. The control samples were divided into 3.5 mL portions
and stored in polypropylene tubes at -20°C. Prior to analysis, the two highest
concentrations were diluted 1:10 with citrate buffer to fit the calibration curve
range.

Extraction Procedure

Calibration standards, spiked control samples, and study samples were
processed as follows. Acidified urine samples (1.5 mL) and internal standard
(75 pL of a 1 mg/mL solution) were combined in a polypropylene tube.
Samples were mixed, allowed to equilibrate for 5 minutes and then centrifuged
at 3000 x g for 10 minutes. Phenyl Bond Elut® cartridges were conditioned
with acetonitrile and 5 mM sulfuric acid (1 mL of each).

Acidified urine samples (1 mL of the supernatant) were loaded onto the
cartridges.  Cartridges were washed with 5 mM sulfuric acid and 1:1
methanol:water (1 mL each), and cisatracurium and its metabolites eluted with
acetonitrile:80 mM sodium sulfate in 5 mM sulfuric acid (6:4,v:v), (0.6 mL).
The eluate volumes were reduced under nitrogen and then transferred to
polypropylene vial inserts for HPLC analysis.
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Calculations

The peak height ratios of each compound and internal standard were
calculated from the calibration standards and the data fitted to a least-squares
linear-regression model. The concentrations of the analytes were calculated
from the regression parameter estimates obtained from the calibration curve.

Assay Validation

The appropriate regression model for the assay was determined by
analyzing replicate spiked calibration standards (10 to 2000 ng/mL for
cisatracurium; 10 to 1000 ng/mL for laudanosine, n=e¢ at each of s
concentrations). The concentration-peak height data were fitted to a least-
squares linear regression model (LSLR) with four weighting schemes
(unweighted, 1/c, 1/c2, and log-log transformed). The residuals at each
concentration were calculated, and a plot of the Studentized residuals versus
concentration was used to determine the appropriate model and weighting.

The accuracy and precision of the method were estimated by assaying
spiked urine samples at five concentrations (50, 500, 1000. 5000, and 10000
ng/mL for cisatracurium and 50, 250, 500, 2500, and 5000 ng/mL for
laudanosine and MQA).

One-way analysis of variance (ANOVA) was used to partition the total
observed variance of the assay into its two components, within-assay variance
(random error) and between-assay variance (error associated with differences in
day-to-day conditions). Precision was expressed as the coefficient of variation
(CV) of the means of these runs. Accuracy was calculated as the percentage
difference between the mean calculated concentration ar.d the amount added (%
bias).

Precision: CV = Standard deviation/mean x 100

Accuracy: %Bias = Mean measured value - Theoretical value x 100
Theoretical value

The stability of cisatracurium and its metabolites in acidified human urine
stored at -20°C was determined. Urine spiked at five concentrations (50, 500,
1000, 5000, and 10000 ng/mL for cisatracurium and 50. 250, 500, 2500. and
5000 ng/mL for laudanosine and MQA) was assayed on the day of preparation
and at various time intervals after storage at -20°C.
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Figure 2. HPLC Chromatograns of Cisatracurium and Its Metabolites, a) Chrom-
atogram of extracted acidified blank humen urine, b) Chromatogram of extracted
acidified blank urine spiked with Cisatracurium and its metabolites (10 ng/mi_ of each),
¢) Chromatogram of extracted QC sarmple spiked with 500 ng/mL of Cisatracurium and
250 ng/mi_ of each metabolite, d) Chromatogram of extracted patient urine sample 109-
203, Sample collected from 5t 10 hours after a 7.2 ng dose was received.

The stability of cisatracurium and its metabolites was also determined in
stock solutions stored at 4°C, and in urine samples after three freeze-thaw
cycles.  The extraction efficiency of the assay was determined by comparing
the peak heights for each analyte in extracted standards with those obtained by
the injection of unextracted standards.

Biomedical Application

A clinical study was designed to investigate the safety, efficacy and
pharmacokinetics of cisatracurium in human volunteers.s During the surgical
procedure, volunteers received an intravenous bolus dose of o.1 mg/kg
cisatracurium.
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10)tLsolution), b) Humen urine, ¢) Huen urire.

Urine samples were collected at 5-hour intervals for 10 hours after
cisatracurium administration via an in-dwelling urinary catheter. Urine
samples were stored at -20°C until analyzed. Urine was collected into bottles

containing sodium citrate buffer, pH 3.1.

At the end of the collection period, the total volume was measured and a
50 mL aliquot removed for the determination of cisatracurium and its

metabolites.
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Table 1

Recovery of Cisatracurium, Its Metabolites, and the Internal Standard
from Human Urine

Compound Concentration % Recovery
(ng/mL) (mean = S.D.)
Cisatracurium 1.00.0 108.3+5.3
1000.0 1004 = 2.2
Laudanosine 100.0 92.1 £5.9
250.0 93.3+8.6
500.0 90.2 £8.2
MQA 100.0 92.7 £5.0
250.0 94.7 £9.2
500.0 88.4 + 10.7
N-methyl- 25.0 90.7 £ 1.7
laudanosine 50.0 96.0 £ 10.2
100.0 93.4 £5.5

(n=3 at each concentration)

RESULTS AND DISCUSSION

Figures 2a - d show representative chromatograms of blank urine, urine
spiked with cisatracurium and its metabolites near the lower limit of
quantitation (IOng/mL), urir.e quality control, and urine from a patient who
received cisatracurium. The retention times of cisatracurium, the internal
standard, laudanosine and MQA were typically 30, 16, 11.5, and 7.5 min,
respectively, and no endogenous interferences were noted.

Residual plots from the calibration curve data fitted to an LSLR model
indicated that the variance associated with the response (peak height) was
homogeneous throughout the concentration range when the data were weighted
by I/(concentration) .2
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Table 2

Accuracy and Precision Data for the Assay in Human Urine -
Results of ANOVA

Cone. Cone. Std. Dev. Overall Within- Between Bias
Nominal  Assayed CV (%) Day Day (%)
ng/mL ng/mL CV(%) CV(%)

Cisatracurium

50 53.1 3.6 6.8 5.0 4.6 6.2
500 551.7 10.5 5.1 3.0 4.2 10.3
1000 1091.0 127.9 11.7 11.7 0.0a 9.1
5000 5848.4 274.8 4.7 3.7 2.9 17.0
10000 11137.3 1554.4 14.0 14.0 0.0a 11.4

Laudanosine

50 49.9 3.8 7.7 7.7 0.0a -0.2
250 250.9 1.5 4.6 1.8 4.2 0.4
500 493.3 22.8 4.6 4.3 1.6 -1.3
2500 2566.6 134.6 5.3 5.3 o 2.7
5000 5026.9 375.2 7.5 7.5 (ele) 0.5
MQA

50 51.7 3.2 6.2 5.9 1.7 3.4
250 255.6 14.1 5.5 5.3 1.5 2.2
500 501.1 16.4 3.3 2.1 2.5 0.2
2500 2581.1 146.3 5.7 5.7 (e/e) 3.2
5000 5068.6 373.9 7.4 7.4 0.0a 1.4

(n=5 assays)
aANOVA estimated this as zero because within-day variability was significantly
larger than between-day variability.

Results from the residual plots also indicated the assignment of the upper
and lower limits of quantitation which were 2000 and 10 ng/mL for
cisatracurium and 1000 and 10 ng/mL for laudanosine and MQA. The
concentrations of cisatracurium, laudanosine and MQA in acidified stock
solutions stored at 4°C were stable for at least 3 months.
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Table 3

Urinary Excretion Data from a Clinical Study

Patient Cis- N Mean % of Amountof Amountof Amountof
Group atracurium the Dose Dose Dose Dose
Dose Recovered Recovered in Recovered in Recovered in
(mg/kg) Unchanged Urine as Urine as Urine as
in Urine* Cistracurium>* Landanosine* MQA*
(ug) -9 (ng)
End-Stage 0,1 11 11.0+£6. 9 909.9 +460.1 602.4 + 280.1 385.9 £232.4
Liver (5.1-27.9) (341.6- 1719.5) (79.1 - 1245.9) (142.4-758.5)
Disease
Healthy 01 8 143+ 4.0 1302.8+458.8 503.5 +259.7 391.3 +138.5
Adults (6.4-18.9) (398.5 - 1912.0) (61.2-803.2) (86.7-551.0)

"Data presented as mean £ S.D. (range)

Cisatracurium and its metabolites were also stable in urine frozen at
-20°C over a period of at least 9 months, and in acidified urine after three
freeze-thaw cycles. No trends in concentration were observed in any of these
stability studies (Figure 3).

The recoverylresults of cisatracurium, laudanosine. MQA and the internal
standard from human urine are shown in Table 1. The mean recoveries ranged
from 100.4 to 108.3% for cisatracurium, 90.2 to 93.3% for laudanosine, 88.4
to 94.7% for MQA and 90.7 to 96.0% for the internal standard, respectively.

The accuracy of the assay, expressed as % bias, and the within-day and
between-day precision data determined by ANOVA are shown in Table 2. The
% bias of the assay ranged from 6.2 to 17.0% for cisatracurium, -1.3 to 2.7%
for laudanosine, and 0.2 to 3.4% for MQA.

The precision of the assay ranged from 4.7 to 14.0% for cisatracurium, 4.6
to 7.7% for laudanosine, and 3 3to 7.4% for MQA.

The average % bias over the entire concentration range was 10.0, 0.25,
and 1.9 for cisatracurium, laudanosine, and MQA, respectively. The average
precision over the entire concentration range was 8.9, 5.9, and 5.6% for
cisatracurium, laudanosine, and MQA, respectively
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The assay has been used to quantitate urine concentrations of
cisatracurium and its metabolites in volunteers after an intravenous bolus dose
of cisatracurium. As an example of the utility of the assay, urinary excretion
data in healthy adults and end-stage liver disease patients are shown in Table 3.
The data indicate that urinary excretion is a minor elimination pathway for
cisatracurium in humans.

In summary, a sensitive and selective HPLC assay has been developed and
validated for the simultaneous quantitation of cisatracurium and two of its
major metabolites in urine. The method has been used to study the
pharmacokinetics of cisatracurium and its metabolites in humans.
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ABSTRACT

C10-C16 alkyl sulfonates were used as surface active reagents
in a micellar flooding study for enhancing oil recovery. They
were analyzed by reverse phase high performance liquid
chromatography (RP-HPLC). Sodium dihydrogen phosphate of
low concentration was used as eluent component and
conductivity detector was used for detection. The eluted alkyl
sulfonate was detected directly and no suppressor column was
required. This method was characterized by its simplicity,
rapidity and sensitivity.

INTRODUCTION

Surface active petroleum sulfonate has been widely used as a chemical
flooding agent in the petroleum industry. This sulfonate is obtained by
sulfonation of a certain petroleum fraction, and its composition is rather
complex.
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Depending upon the degree of sulfonation, there may be mono-, di- and
poly-sulfonates. According to the parent compound used for the sulfonation,
there may be alkyl sulfonates and aryl sulfonates.

Clarification of the composition of the sulfonate is very important in
studying the flooding mechanism, guiding the synthesis of petroleum sulfonate,
and understanding the chromatographic separation phenomena in the flooding
process. In this paper, the analysis of the alkyl sulfonate with liquid
chromatography is studied.

The alkyl sulfonate exhibits only a weak ability to absorb ultraviolet light;
it cannot be detected with the UV detector usually used in HPLC. The
differential refraction detector cannot be used either; its sensitivity is too low
and cannot meet the requirement of the analysis of low sulfonate concentration.
Thus, besides the search for good separation conditions in the analysis of alkyl
sulfonate with HPLC, it is also important to choose the proper detection system.
Eppert, et. al.12and Larson3used indirect photometric detection for the analysis
of alkyl sulfonate with ion pair chromatography (IPC). Pan et. al.4 used ion
chromatography and Weiss5 adopted the mobile phase ion chromatography
(MPIC) with ion pair reagent added to the mobile phase for the analysis; a
suppressing conductivity detector was used in their system. The whole method
is rather complex and it is necessary to regenerate the suppressor column,
periodically; the entire operation is tedious.

In this paper, RP-HPLC is used for the analysis of Cio - C]6 alkyl
sulfonate, usually encountered in enhanced oil recovery processes. The mobile
phase used contains sodium dihydrogen phosphate and a conductivity detector
is used directly for the detection. No suppressor column is required. The
inorganic salts and alcohol mixed in the sample do not interfere with the
detection, and there is no necessity to remove them in advance. Thus, the
operation is simple and the sensitivity is higher.

EXPERIMENTAL

Apparatus

The liquid chromatographic system was comprised of a Gilson 302C
pump, a DDJ-01 conductivity detector (Sichuan Analytical Instrument Plant,
China), two Rheodyne 7125 injection valves (10 and 20 pL) and a XWT 200
recorder (Shanghai Dahua Instrument and Meter Plant, China ).
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Figure 1. Relationship between alkyl sulfonate retention and phosphate concentration
in the mobile phase. Mobile phase: 0.001M. NaHPCHA: MeOH = 35:65; Flow rate:
ImL/min; 1 Cio alkyl sulfonate, 2. CPalkyl sulfonate, 3. Cmalkyl sulfonate; 4. Cm

alkyl sulfonate.

Figure 2. Chromatogram of alkyl sulfonates. Mobile phase: 0.001M. NalLPCb : MeOH
=65:35; Flow rate: ImL/min; 1 CXalkyl sulfonate, 2. CRalkyl sulfonate, 3. Cm

10? Pa. alkyl sulfonate; 4. Cmalkyl sulfonate.
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The chromatographic column was a 4.6mm x 150mm stainless
steel tube, slurry packed with ODS (3-5pm. Shanghai First Reagent Plant,
China) under 3.5 x 10 Pa.

Reagents

Cio-, c m-, and Ci6- alky | sulfonates were supplied by Xinjiang Institute of
Chemistry, Chinese Academy of Sciences.

Ci2- alkyl sulfonate was a chemically pure reagent (Bei He Chemical
Plant, China), and was recrystallized before use.

Sodium dihydrogen phosphate, analytically pure (Xian Chemical Reagent
Plant. China).

Methanol, analytical pure reagent. Both methanol and freshly distilled
and deionized water were filtered through a sintered glass filter before use.

The mobile phases were composed of methanol and aqueous sodium
dihydrogen phosphate of various concentrations.

RESULTS AND DISCUSSION

Effect of Sodium Dihydrogen Phosphate Concentration on Retention

The retention of alkyl sulfonate is affected by the concentration of sodium
dihydrogen phosphate in the mobile phase. When the concentration is very
low, the alkyl sulfonate is not retained at all. By contrast, when the
concentration is higher, the alkyl sulfonate is difficult to elute. This is caused
by the salting out effect.

When the amount of phosphate in the mobile phase is increased, the
distribution of alkyl sulfonate in water-containing mobile phase will decrease
and its distribution in the hydrophobic stationary phase will enhance
accordingly, so that its retention will increase.

The experimental results showed that the mobile phase containing a
proper concentration of sodium dihydrogen phosphate can elute and separate
Cio - Ci6 alkyl sulfonates; the retention increased with the increasing of
phosphate concentration.
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Figure 3. Relationship between alkyl sulfonate retention and methanol content in the
mobile phase. Mobile phase: 0.001M NafLPO"/MeOH; Flow rate: 1 mL/min; 1 Cio
alkyl sulfonate, 2. C2alkyl sulfonate, 3. Cmalkyl sulfonate; 4. Cmalkyl sulfonate.

Figure 4. Relationship between alkyl sulfonate retention and number of carbon atoms.
Mobile phase: 0.001M. NaHZ 04: MeOH = 65:35; Flow rate: ImL/min.
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Figure 1 shows the relationship between retention and phosphate
concentration at a certain aqueous phosphate-methanol proportion.  The
complete separation of Cio, cu, Cm, and C]6 alkyl sulfonates, under proper
elution condition, is given in Figure 2.

Effect of Methanol Content

The distribution of alkyl sulfonate in mobil phase is enhanced with the
increase of methanol percentage in mobile phase; the retention is also
decreased (Figure 3).

Effect of Carbon Number on Alkyl Sulfonate Retention

From the above experimental results, it can be seen that, under same
operating condition, the retention of alkyl sulfonate which contains a greater
number of carbon atoms is longer. This is due to the strengthening of
lipophilic behaviour. By plotting the logarithm of the studied alkyl sulfonate
retentions versus the number of carbon atoms contained in their carbon chains,
a good linear relationship is obtained (Figure 4). Thus, qualitative
ascertainment of the alkyl sulfonate can be obtained by determining the carbon
atoms contained in the carbon chain from the retention of the sample.

Determination of Dodecyl Sulfonate in Micellar Fluid

In enhanced oil recovery studies, a micellar fluid composed of alkanes,
fatty alcohols, inorganic salts, and dodecyl sulfonate was used for oil flooding.
In order to take concerted study, the authors carried out the quantitative work
with HPLC. Because of the fact that the reverse phase system was used for the
separation and the conductivity detector was used for the detection, both
alkanes and alcohols gave no signal, so they did not interfere with the
detection. Besides, the retention of the inorganic salts was very' short; these

salts eluted before the alkyl sulfonate and did not interfere with the detection
either.

For the determination in this work, a mixture composed of low
concentration of aqueous sodium dihydrogen phosphate and certain amount of
methanol (0.001M NaH2P04:CH30OH = 50:50) was used as the mobile phase.
Also, no suppressor was used; the background conductivity was very low, so
that the detection could be conducted at rather higher sensitivity.
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Dodecyl sulfonate concentration(fig'mL)

Figure 5. Calibration curve of dodecyl sulfonate.  Mobile phase:MeOH : 0.001M
NaFLPCL = 50:50; Flow rate: ImL/min

When the sample volume was 20p.L, the plot of peak height with sodium
dihydrogen phosphate concentration maintained good linearity when sample
concentration went up to 120ppm (Figure 5). So. this chromatographic
condition was used for the determination of dodecyl sulfonate.

During the preparation of micellar fluids for enchanced oil recovery study,
three phases, the upper oil phase, the middle micellar phase, and the lower
aqueous phase were obtained. The contents of dodecyl sulfonate in these
phases were analyzed. The result is shown in Table 1

As shown in the table, some errors are rather high. This is caused,
mainly, by the larger reading error of volume, especially the reading of the
micellar phase of smaller volume. In general, the results obtained can meet the
requirement of enhanced oil revovery studies.

CONCLUSION

1 RP-HPLC with conductivity' detection was successfully used for the
detection of alkyl sulfonate. The mobile phase contained low
concentration of dihydrogen sodium phosphate; no suppressor column
was necessary'.



2060 JIANG AND LIU

Table 1
Dodecyl Sulfonate in Micellar Fluid

Sample Number

1 2 3

Upper Phase

Volume, mL 4.4 3.3 3.7

Cone., pg/mL — 1.05 x 103 1.79 x 103

Content, mg — 3.47 6.62
Middle Phase

Volume, mL 2.9 1.9 2.1

Cone., pg/mL 6.68 x 104 1.10 x 105 8.81 x 104

Content, mg 194 209 185
Lower Phase

Volume, mL 2.7 4.6 4.0

Cone., pg/mL 2.05 x 103 1.10 x 103 —

Content, mg 55 5.06 —
Total Amount, mg 199 218 192
Recovery, % 99.5 109 96.6

2. Although no suppressor column was used, the results of quantitative
analysis of dodecyl sulfonate show the rather higher sensitivity of the
described method.

3. The separation of C]0 - C]6 alkyl sulfonates used in enhanced oil
recovery studies can be accomplished by varying the sodium dihydrogen
phosphate concentration in water and the amount of methanol in the
mobile phase.
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ABSTRACT

An HPLC method for checking the purity of commercial
neohesperidin  dihydrochalcone has been developed and
validated. The optimised method was conducted by using an RP
Cig stationary phase, 20% acetonitrile acidified with acetic acid
as mobile phase, 1 mL/min flow rate, spectrophotometric
detection at 282 nm, and a temperature of 25°C. Under these
conditions, neohesperidin DC showed a retention time of 17.4
min. Different structurally related flavonoids were added to the
sample for selectivity determination. Linearity of the method
was proved in the range 0-500 mg/L. Sample preparation was
optimised and relevant analytical parameters (accuracy,
precision, repeatability, reproducibility) determined.
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INTRODUCTION

Neohespenndin dihydrochalcone (neohesperidin DC) is an intense
sweetener which is about 1800 times sweeter than sucrose at threshold levels
and about 400 times sweeter in comparison to a 6% sucrose solution.1

Its sweetening profile in water is characteristical by a delay before its
maximum intensity' is reached, followed by a menthol- or licorice-like lingering
aftertaste.2 When used at low concentrations in combination with other intense
or bulk sweeteners, neohesperidin DC enhances the quality of the sweetness
given to the food, contributing beneficially to its flavour and mouthfeel and
providing synergistic effects.34

International acceptance of neohesperidin DC was manifested by a
favourable assessment and the allocation of an ADI by the Scientific Committee
for Food ofthe European Union. In fact, it has been recently authorised in the
EU as an intense sweetener5and flavour enhancer.6

Although official purity criteria have also been established,7 no mention is
made of the analytical method proposed to control the purity of the sweetener.
Therefore, the development of a validated method to ensure that commercial
products meet official specifications is of industrial and scientific interest.

The objective of the present work has been the development and
validation of such a procedure using HPLC, for use in the analysis of the
commercial product’s purity.

MATERIALS AND METHODS

Materials

Neohesperidin DC (NHDC) and related compounds were supplied by
Zoster S.A. (Raiguero, 143, Zeneta, E-30588, Murcia, Spain). The related
compounds were: phloroacetophenone neohesperidoside (FANH), naringin
(NA), neohesperidin (NH), naringin dihydrochalcone (NADC), hesperidin
dihydrochalcone (HEDC), hesperetin dihydrochalcone glucoside (HPDCG), and
hesperetin dihydrochalcone (HPDC). Acetonitrile (ACN) and methanol were
from Merck and dimethyl sulphoxide (DMSO) was from Romil. All solvents
were HPLC grade. Acetic and phosphoric acids employed for mobile phase
acidification were from Fluka and Merck, respectively. Water was double
distilled and purified through a Millipore system (Milli-Q).
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Equipment

HPLC analysis was performed on a Shimadzu HPLC system equipped
with two LC-6A pumps, a UV-Vis SPD-M6A diode array detector and a SIL
9A automatic injector. For reproducibility determination two HPLC systems
from different laboratories were used: i) a Hitachi HPLC system equipped with
a L6200A pump, UV-Vis L 4250 detector, AS 2000A automatic injector and D
2500 integrator; and ii) a Shimadzu HPLC equipped with two LC8A pumps,
UV-vis SPD-6AV detector and C-R4A integrator. The columns employed with
this equipment were Lichrospher 100 RP-C]8 5pm (120 x 4 mm) columns from
Merck. Assay temperature was 25°C.

Sample Preparation

A standard sample of neohesperidin DC (200 mg/L) was prepared by
dissolving 50 mg of commercial neohesperidin DC (L29024) in 250 mL of
solvent (DMSO, 50% methanol or 50% ACN, depending on the assay). The
other related compounds were added at a lower concentration (4 mg/L) to
simulate the presence of impurities. 4 mg/L was sufficient for quantitation and
identification of each added compund. Four different samples were analysed:
neohesperidin DC dissolved in DMSO (sample P); and neohesperidin DC plus
all related compounds dissolved in DMSO (sample A), in 50% methanol
(sample B), and in 50% ACN (sample C). For calibration, precision, and
accuracy determinations, neohesperidin DC dissolved in DMSO was analysed
at different concentrations. For selectivity determinations, a standard of
neohesperidin DC purified by preparative HPLC was employed as reference.

Method Development

The mobile phases assayed were binary mixtures of methanol:water and
ACN:water. acidified with acetic acid (50 mM). Samples B and C were
assayed only with methanol:water and ACN:water, respectively, while samples
prepared in DMSO (P and A) were assayed with all the elution systems. All
analyses were performed in triplicate. =~ Chromatographic parameters were
calculated according t0.89 Optimum mobile phase acidification was selected
from the analysis of neohesperidin DC in 20% ACN acidified with both acetic
(50 mM) and phosphoric (50 mM) acids. All analyses were performed with a
flow rate of 1 mL/min and temperature of 25°C. Detection was at 282 nm and
a 20pi sample size was used.
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Dilution and Weight Errors

Dilution error was determined by analysis of three samples (200 mg/L
neohesperidin DC, analysed six times) obtained from a 800 mg/L
neohesperidin DC stock solution in DMSO. For weight error determination,
four different amounts of neohesperidin DC (10, 20, 40 and 50 mg) were
weighed three times each, and dissolved in DMSO until a final concentration of
200 mg/L. Analyses were carried out six times.

Straight Line Calibration

Three series (six samples each, at 100, 150, 200, 300, 400. and 500 mg/L
neohesperidin DC dissolved in DMSQO) were injected on three different days.
Each sample was analysed six times. The final calibration straight line was
taken as the mean of the slopes, independent of terms and correlation values of
the three straight lines obtained, in accordance with reference 10.

Accuracy

Samples of neohesperidin DC were prepared in triplicate at 100, 150, 200,
300, 400, and 500 mg/L and were analysed six times. Accuracy was checked
by the straight line obtained from the measured versus the theoretical
neohesperidin DC concentrations, in accordance with reference 11.

Precision, Repeatability, and Reproducibility

The system precision was measured by the R.S.D. value of ten replicate
injections of a 100 mg/L neohesperidin DC sample, according reference 11.
The precision of the method was determined.” with five 100 mg/L
neohesperidin DC samples analysed six times at the same session.
Additionally, for repeatability determination, four 200 mg/L neohesperidin DC
samples were analysed on four different days, six times every day.
Reproducibility was tested, employing three different HPLC equipments, in
each of which three 200 mg/L neohesperidin DC samples were analysed six
times.

To ascertain the method precision, the repeatability and the
reproducibility, R.S.D. values were determined, repeatability and
reproducibility values were obtained.12
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n\Abs

Figure 1. Chromatograms of samples A and C with 20% ACN and RP-C18 column as
mobile and stationary phases, respectively, 1 mL/rmn flow rate, 25°C, 282 nm, 20pL
sample size, 200 mg/L neohesperidine DC concentration and 4 mg/L other compounds
concentration. The following compounds are present: FANH (1), NA (2), NH (3),
NADC (4), HEDC (5), NHDC (6), HPDCG (7) and HPDC (8)

RESULTS AND DISCUSSION

Effects of Mobile Phase and of Sample Preparation Solvent

Of the different methanol:water and ACN:water elution systems assayed,
20% ACN gave the best results. Chromatograms of samples A and C eluted
with 20% ACN are shown in Figure 1, and Table 1 reports the
chromatographic parameters obtained from these analyses. Longer retained
compounds showed higher than recommended k' values (»10),9 because it was
necessary to prolong the operation time to separate the eight different
compounds, contained in samples A and C, some of them with very' similar
chromatographic behaviour. All a values were higher than the minimum
accepted (1.05).8 Resolution values were, in general, higher for sample A (with
DMSO as solvent) than for sample C (with ACN as solvent).

This observation and the high As value (0.9-1.1 accepted range)8 of
sample C determined the selection of DMSO as standard solvent for sample
preparation.
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Table 1

Chromatographic Parameters Obtained for Samples A
(with DMSO as Solvent) and C (with 50% ACN S solvent)
Under Selected Standard Conditions

Compound Sample A Sample C
As K’ a Rs As K a Rs

FANH 1.62 0.99 1.69 1.04
4.31 8.65 3.63 5.64

NA 1.07 4.28 2.38 3.78
121 3.86 1.43 2.96

NH 1.13 5.19 1.90 5.39
1.75 7.37 1.76 6.20

NADC 0.93 9.07 1.53 9.48
1.12 1.73 1.12 151

HEDC 1.00 10.15 1.44 10.61
1.33 4.39 1.32 3.98

NHDC 1.06 13.45 1.62 14.06
1.13 2.12 1.13 2.95

HPDCG 0.97 15.24 1.47 15.93
3.14 20.87 3.13 20.96

HPDC 1.02 47.86 1.00 49.88

No differences were observed between acetic and phosphoric acids when
used for mobile phase acidification. The selected conditions for neohesperidin
DC analysis were, therefore, 20% ACN as mobile phase, acidified with 50 mM
acetic acid, 1 mL/min flow rate, and neohesperidin DC dissolved in DMSO.

Optimisation of Sample Preparation.

It was necessary to use a neohesperidin DC concentration high enough to
detect possible impurities present at the sample. Thus, 200 mg/L neohesperidin
DC was selected as a standard concentration for sample preparation to allow
detection of structurally related compounds. Dilution and weight errors were
determined as reported in Materials and Methods. The R.S.D. for dilution
error was 0.17%, thus making no significant contribution to the total error of
the method.
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Table 2

Linearity of Recovery Results for Neohesperidin DC Analysis

Assay  Added Mean Found Recovery Mean R.S.D.
Day (mg/L) (n=6) = SD (%) Recovery  Recovery
(mg/L) (%) (%)
1 98.9 98.6 +0.9 99.7
2 95.8 95.1 £0.7 99.3 99.7 0.35
3 92.5 925+1.2 100.0
1 147.0 1489+ 1.2 101.3
2 137.9 1348+ 1.0 97.7 99.2 1.87
3 139.7 1379+ 16 98.7
1 182.4 1819+ 1.0 99.7
2 181.5 180.0 £0.6 99.2 99.5 0.25
3 187.8 186.8 +0.3 99.5
1 273.1 284.1 +3.3 104.0
2 272.2 269.9 + 1.2 99.2 101.7 2.36
3 274.0 278.8 +0.5 101.8
1 368.4 376.2 +3.1 102.1
2 363.8 3614+ 14 99.3 99.8 2.14
3 374.7 366.8 +2.9 97.9
1 457.3 459.5 £3.1 100.5
2 457.3 453.0 £2.5 90.1 99.8 0.70
3 460.0 458.8 £2.4 99.7
Mean: 99.9 1.28
Slope: 0.9991
Intercept: 0.48
Correlation coefficient: 0.9998

The four amounts of neohesperidin DC assayed for weight error
determination showed R.S.D. values ranging from 0.22% to 2.05%, the lowest
values being for 50 mg of neohesperidin DC. Taking into consideration the
best solvent as described above, the standard sample was prepared at 200 mg/L,
by dissolving 50 mg of neohesperidin DC in 250 mL of DMSO.
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Table 3
Method Precision of Neohesperidin DC Analysis

Sample Mean Found
(n°) (n=6) = SD
(mg/L)

89.9 +0.7
89.9+0.3
89.9+ 0.4
90.3+0.4
90.6 + 0.5
Mean + SD (mg/L): 90.2 + 0.3
R.S.D. (%): 0.33

g B W N R

Table 4
Repeatability of Neohesperidin DC Analysis

Sample Mean Found
(n°) (n=6) = SD
(mg/L)
1 188.3 + 14
2 186.3+0.9
3 184.7+ 1.4
4 186.4 + 2.0
Mean + SD (mg/L): 186.4+1.3
R.S.D. (%): 0.68
r (mg/L): 3.6

Validation Parameters
Linearity
The straight line obtained is expressed by the equation: Y= 34025 X -

1149 with r=0.9998, where X is neohesperidin DC concentration in mg/L and
Y is the peak area. A linearity range 0-500 mg/L was demonstrated.
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Table 5

Reproducibility of Neohesperidin DC Analysis

Equipment Sample Mean Found Mean
(n°) (n°) (n=6) £ SD (n=3) + SD
(mg/L) (mg/L)
1735 £0.4
1 2 176.2 + 1.1 1755+ 138
3 176.8 £0.5
178.9 £0.6
2 2 1812+ 1.6 180.0 £ 1.2
179.8 £0.9
178.8 £0.5
3 2 1769+ 1.0 177.7 £ 1.0
177.6 £0.8
Mean + SD (mg/L): 177.7 + 1.8
R.S.D. (%): 1.03
R (mg/L): 5.1
Accuracy

The accuracy of the described method is shown by the linearity of the
recovery data for the neohesperidin DC analyses." The results are shown in
Table 2. The slope of the straight line obtained from the theoretical vs the
measured data was 0.9991. The highest R.S.D. was 2.36% and mean recovery
was 99.9%. with an acceptable mean R.S.D. of 1.28%j;

Precision, Repeatability, and Reproducibility

The precision of the system was acceptable with an R.S.D. 0f0.74%. The
results shown in Table 3 reveal the high precision of the method with an R.S.D.
of 0.33% between the different samples. Additionally, repeatability and
reproducibility were also determined.
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The results are shown in Tables 4 and 5, respectively. R.S.D. values were
0.68% in determinations performed on different days, and 1.03% between the
three HPLC equipments assayed. Repeatability and reproducibility values were
3.57 and 5.12 mg/L, respectively.

Selectivity

In previous research, neohesperidin DC was purified by preparative
HPLC, and its structure confirmed by RMN, IR and MS analyses (unpublished
results).  Purified neohesperidin DC (99.9% chromatographic purity) was
employed as an external standard to check the HPLC profile of commercial
neohesperidin DC (L29024). The same retention time (17.4 min) was
observed for both purified and commercial neohesperidin DC samples. No
analytical interferences between neohesperidin DC and the added related
compounds was detected. Resolution values were above the minimum
recommended (Rs > 1.5, Table 1).8 The analytical method used could
therefore, be considered specific for checking the purity of neohesperidin DC.

CONCLUSIONS

In conclusion, this HPLC method is suitable and selective for
neohesperidin DC analysis, regardless of the equipment used and laboratory
conditions. The method shows very high accuracy, precision and repeatability
values.
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ABSTRACT

A simple, accurate and reproducible HPLC method is
described for the assay of valproic acid and its sodium salts in
commercial dosage forms. The analyte and sodium caproate, the
internal standard, were detected in the UV range after formation
of the corresponding phenacyl ester derivatives with a mixture of
phenacyl bromide-triethylamine in acetone. The ester derivatives
were analyzed directly on a Microsorb-MV C18 column with a
mobile phase composed of acetonitrile-methanol-water (50:20:
30) and detection at 245 nm. At a flow rate of 2 mL/min,
phenacyl caproate and phenacyl valproate eluted at about 4.5 min
and 8.5 min, respectively. Peak height ratios were linearly
related to amounts of valproic acid, or its equivalent in sodium
valproate, in the range 30-750 pg (r = 0.9997). Based on peak
height ratios, the RSD for a set of replicate injections was 1.10%
(n = 6).
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Recoveries of valproic acid or sodium valproate from spiked
commercial dosage forms were in the range 101.0-102.6% of
added (n = 2). The proposed HPLC method yielded assay values
that were in good agreement with those obtained by the GC
method for valproic acid in USP 23.

INTRODUCTION

Valproic acid (2-propylpentanoic acid) is a simple aliphatic carboxylic
acid endowed with anticonvulsant properties that are found useful to suppress
epileptic seizures while causing only minimal sedation and other effects in the
central nervous system.1 By the oral or rectal routes of administration, valproic
acid is indicated for use as sole or adjunctive therapy to manage simple and
complex absence seizures, mixed seizure types, and myoclonic seizures
coexisting with tonic-clonic or absence seizures.13

As such, valproic acid is commercially available in the form of soft gelatin
capsules; as the sodium salt it is formulated as a syrup; and as divalproex
sodium (a 1:1 coordination compound with the sodium salt) it is marketed as a
delayed release tablet.3

Owing to the widespread use and clinical importance of valproic acid and
its salts, numerous analytical methods have been reported for monitoring their
therapeutic circulating levels in human subjects.42 Most of these methods
have been based on either gas chromatography (GC)49 or high performance
liquid chromatography (HPLC);1020 but thin-layer chromatography,19 enzyme
immunoassay,912 immunoassay,2l and chemical ionization-mass spectrometry2
have also been proposed. In contrast, methods for the assay of these drugs in
pharmaceutical samples are fewer in number, and have relied on
spectrophotometry,23 isotachophoresis,4 GC,%5 HPLC with conductivity2 or
fluorescence2 detection, and potentiometry.2527 In USP 23, the assay of
valproic acid in dosage forms entails a GC approach whereas that for the drug
substance is accomplished by a nonaqueous potentiometric titration.28

The purpose of this communication is to describe a simple and rapid
reverse phase HPLC method with UV detection for the determination of
valproic acid and its salts in pharmaceutical products after precolumn
derivatization to phenacyl esters. This HPLC method was found to be well
suited for the analysis of the title drugs in both liquid and solid commercial
dosage forms.
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EXPERIMENTAL

Materials

Dosage forms

Various lots of valproic acid capsules (250 mg), sodium valproate syrup
(250 mg/5 mL), and divalproex sodium tablets (250 and 500 mg) were obtained
from local commercial sources.

Chemicals

Valproic acid, sodium valproate, sodium caproate (Sigma Chemical Co.)
and phenacvl bromide (Fluka) were used as received. Triethylamine and
acetone (J.T. Baker) were of analytical reagent grade. The acetonitrile,
methanol and water (EM Science) were of HPLC grade.

Reagents

Phenacyl bromide solution

A solution of phenacyl bromide in acetone was prepared to contain about
12.8 mg/mL. This solution was stable for at least 3 weeks when stored in an
amber glass bottle and in the refrigerator.

Triethylamine solution

A solution of freshly distilled triethylamine in acetone was prepared to
contain about 10 mg/mL. This solution was stable for at least 3 weeks when
stored in an amber glass bottle and in the refrigerator.

Internal standard solution

It was prepared by dissolving sodium caproate, previously dried to
constant weight, in acetone-water (45:55) to a concentration of about 400
pg/mL. This solution was diluted with acetone to a final concentration of about
200 pg/mL.
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Sample Preparations
Valproic acid standard preparation

A solution of valproic acid in acetone was prepared to contain about 2.5
mg/mL of valproic acid.

Sodium valproate standard preparation

An accurately weighed quantity of sodium valproate, previously dried to
constant weight and equivalent to 250 mg of valproic acid, was transferred to a
100 mL volumetric flask, and dissolved in. and diluted with, acetone-water
(45:55) to volume. This solution contained the equivalent of 2.5 mg/mL of
valproic acid.

Capsules

The contents of 10 capsules were squeezed into a 200 mL volumetric flask
after puncturing each capsule with a pair of scissors. Then each capsule was
cut in half and dropped into the flask. The scissors were rinsed with acetone,
and the rinsings were quantitatively collected in the flask. After diluting with
acetone to volume, and mixing. 20.0 mL of the solution was transferred to a
100 mL volumetric flask, to be diluted with acetone-water (45:55) to volume,
and mixed. This solution contained about 2.5 mg/mL of valproic acid.

Syrups

An accurately measured volume of syrup (5 mL) was transferred to a 100
mL volumetric flask, diluted with acetone-water (45:55) to volume, and mixed.
This solution contained the equivalent of about 2.5 mg/mL of valproic acid.

Tablets

A group of 20 tablets was accurately weighed, and reduced to a fine
powder with the aid of an electric mill. A portion of powder, equivalent to 250
mg of valproic acid, was transferred to a 100 mL volumetric flask, mixed with
about 50 mL of acetone-water (45:55), and sonicated for about 10 min.

After diluting with acetone-water (45:55) to volume, and mixing, a
portion of the suspension was centrifuged at 4000 rpm for 5 min. The clear
solution contained the equivalent of about 2.5 mg/mL of valproic acid.
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Derivatization Method

A 1.0 mL volume of sample preparation was transferred to a 10 mL
volumetric flask, diluted with acetone to volume, and mixed. To a glass test
tube with a Teflon-lined screw cap, 1.0 mL of diluted sample preparation, 1.0
mL of internal standard solution, 50 pL of phenacyl bromide solution, and 50
pL of triethylamine solution, were added in succession. After mixing with
gentle swirling, and stoppering tightly, the mixture was heated to 50°C for 2 hr
on a heating block. After allowing to cool to room temperature, a portion of the
reaction mixture was injected into the liquid chromatograph.

HPLC Method
Apparatus

An isocratic HPLC system was used, consisting of a Series 10 liquid
chromatograph and LC 90 UV spectrophotometric detector (Perkin-Elmer),
connected to a ChromJet integrator (Spectra-Physics). Samples were
introduced through a high pressure injection valve fitted with a 50 pL sample
loop (Rheodyne).
Chromatographic conditions

Analyses were performed at ambient temperature on a Microsorb-MV
C18, 25 cm x 4.6 mm i.d.. 5 urn, column (Rainin). The mobile phase was a
mixture of acetonitrile-methanol-water (50:20:30), filtered and degassed prior
to use, and flowing at the rate of 2 mL/min. The detection wavelength was 245
nm.

Calculations

The quantity of valproic acid, or the equivalent in sodium valproate, in the
dosage form analyzed was calculated from one of the following equations:

mg/tablet = (R]/R2) x C x (W/S)
mg/capsule = (Ri/R2) x C

mg/mL syrup = (Ri/R2) x (C/V)
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where Ri and R2 are the detector response ratios (i.e.,, peak height of
analyte/peak height of internal standard) for the sample preparation and
standard preparation, respectively; C is the concentration of the standard
preparation, mg; W is the average tablet weight, mg; S is the quantity of
powdered tablet taken for the assay, mg; and V is the volume of syrup taken for
the assay, mL.

RESULTS AND DISCUSSION

lonization of a saturated fatty acid followed by reaction of the carboxylate
anion with a phenacyl halide in an aprotic solvent is a chemical reaction that
has been widely used for the prechromatographic formation of ester derivatives
with excellent UV light absorbing properties.1018293 In general, phenacyl
esters can be obtained either by (a) forming an electron-deficient carboxylate
ion with the aid of an inorganic base prior to alkylation in the presence of a
crown ether;711,13141631 or (b) direct alkylation following abstraction of the
acidic proton with an organic basel0121518 or alkali fluoride. In the present
study, the phenacylation of valproic acid, its sodium salt, and the internal
standard, was carried out essentially as described by Borch3® for the
derivatization of long chain fatty acids. This direct approach requires neither
the strict anhydrous conditions nor the tedious and time-consuming evaporation
step of those methods where the free acid is neutralized with an aqueous alkali
prior to alkylation,3 and in which solvation might slow down the rate of
alkylation by decreasing nucleophilicity.29 Moreover, the use of an amine such
as triethylamine represents a more convenient alternative to the more expensive
and hygroscopic crown ether catalysts.3l

Preliminary studies with various aromatic alkyl bromides, including
phenacyl, 4-bromophenacyl, 4-nitrophenacyl, 4-methoxyphenacvl, and 4-
phenylphenacyl, indicated that phenacyl bromide was the most suitable one in
view of the shorter retention times of the esters obtained with this reagent. The
formation of potentially bothersome thermal degradation products was
minimized by conducting the derivatization at the relatively low temperature of
50°C, and the addition of only a slight excess of reagents insured good repro-
ducibility and minimal peak tailing. Typically, 1.73 pmol of analyte and 1.45
pmol of internal standard were reacted with 3.20 pmol of alkyl halide and 4.94
pmol of triethylamine. The reaction mixture was analyzable without the need
for a purification or isolation step since no interfering peaks were observed in
the chromatograms. The derivatives were stable in solution and at ambient
temperature for at least two weeks when stored in tightly capped test tubes and
away from light.
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Table 1

Results of Recovery of Valproic Acid, or its Equivalent in Sodium
Valproate, from Commercial Dosage Forms by Proposed HPLC Method3

Amount of Valproic Acid Found, as % of Added

Matrix Run 1 Run 2 Mean SD
Capsule. 250 mgb 101.1 101.0 101.1 0.05
Syrup, 250 mg/5mLc 102.8 102.5 102.6 0.15
Tablet. 250 mgb 100.4 101.7 101.1 0.67

3All experiments were conducted at a spike concentration of valproic acid,
or its equivalent in sodium valproate, equal to 50% of the declared amount.

b Spiked with valproic acid.

¢ Spiked with sodium valproate.

Figure 1 shows the time course of the derivatization reaction for valproic
acid and sodium caproate, the internal standard. For both compounds, the
reaction rate became nearly constant after 2 hr of heating at 50°C. An
evaluation of detector response as a function of detection wavelength indicated
that, although peak heights were maximal at 245 nm, comparable analytical
results could be obtained at wavelengths in the range 210-254 nm. On the
other hand, detector responses dropped significantly at > 260 nm.

The linearity of the proposed HPLC method was verified by serially
diluting a stock solution of valproic acid in acetone with the same solvent,
mixing each dilution with the internal standard solution, and subjecting the
mixtures to derivatization. Peak height ratios were found to be linearly related
to amounts of derivatized valproic acid in the approximate range of 30-750 pg.
A similar linearity study was also conducted on the internal standard but
keeping the concentration of valproic acid constant. Line equations for
valproic acid and sodium valproate were y = 0.00328x + 0.0124 (r = 0.9997)
and y = 0.00486x - 0.00102 (r = 0.9999), respectively, with both lines passing
through the origin. Recommended reaction conditions were set to analyze 250
pg of drug and 200 pg of internal standard in a total volume of reaction
mixture of about 2.1 mL.

The reproducibility of the method was assessed on the basis of peak height
ratios for a set of 6 replicate injections of a standard phenacvlated valproic acid
preparation containing 250 pg/mL of analyte. The RSD value was 1.10%. As
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Table 2

Results of the Assay of Valproic Acid in Commercial Dosage Forms
by Proposed HPLC Methd and USP 23 GC Methodab

Valproic Acid Found, as % of Declared

HPLC GC
Lot
No. Run 1 Run 2 Mean Run 1 Run 2 Mean
Capsules, 250 mg/Capsule
1 104.5 103.8 104.2 104.8 103.8 104.3
Syrup. 250 mg/5mLc
1 103.8 103.1 103.5 100.2 100.5 102.9
102.3 103.2 102.3 101.8 99.7 100.8
3 103.7 103.8 103.8 100.5 100.5 102.8
Tablets, 250 mg/Tabletd
1 99.3 100.7 100.0 100.5 100.8 100.7
Tablets, 500 mg/Tabletd
1 99.7 100.3 100.0 101.1 100.8 100.9

aUSP 23 requirement: not less than 90.0 percent and not more than 110.0
percent the labeled amount of C8H 1/ 2

b USP 23 does not list the tablets.

¢ Contains sodium valproate in an amount equivalent to 250 mg/5mL of
valproic acid.

d Contains divalproex sodium, a 1:1 coordination of valproic acid with sodium
valproate.

a verification of accuracy, commercial dosage forms whose drug content had
been previously determined by the GC method for valproic acid in USP 23,2
were spiked with valproic acid (capsules, tablets), or the equivalent in sodium
valproate (syrup), in an amount equal to one-half the declared amount, diluted
as described for the dosage form preparations, and put through the proposed
derivatization method. As presented in Table 1, the mean recovery of valproic
acid from a tablet or capsule matrix was, in both instances, 101.1%, whereas
that of sodium valproate from a syrup matrix was 102.6% (n = 2).
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Figure 2. Typical high performance liquid chromatograms of 1, phenacyl caproate, the
internal standard, and 2, phenacyl valproate in (A) a standard preparation and (B) a
capsule preparation. Flow rate was 2 mL/min.

Table 2 summarizes the results of the assay of commercial dosage forms,
comprising capsules, tablets, and syrups, by the proposed method, and they
represent the means of duplicate analyses. Typical chromatograms of a
standard preparation and a dosage form preparation are shown in Figures 2A
and 2B, respectively, with phenacyl caproate eluting ahead of phenacyl
valproate. A run was completed in about 10 min. Assay values by the HPLC
method were compared with those obtained by the compendial GC assay
method for valproic acid tablets and capsules.2 Intermethod differences were
about 0.1 % of labeled for capsules, <0.9% of labeled for tablets, and 0.6-1.5%
of labeled for syrups. All samples were found to meet the official requirements
for labeled drug content. No interferences were noted from excipients or other
inert ingredients present in the formulations tested.
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In summary, the conversion of valproic acid, sodium valproate or
divalproex sodium to phenacyl ester derivatives served as the basis for a
specific, accurate, and reproducible means of analyzing these antiepileptic
agents in  commercial pharmaceutical products by HPLC with
spectrophotometric detection. In addition to its simplicity and rapidity, this
method was equally applicable to the quantitative analysis of liquid and solid
dosage forms, and yielded results that were in close agreement with those
obtained by the GC method for valproic acid in USP 23.
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ABSTRACT

The chromatography of polar compounds, such as coumarins
and flavonoids, has been investigated on diol-bonded silica gel
layers using various organic modifiers (2-propanol (2PrOH).
ethyl acetate (EtOAc), methyl ethyl ketone (MeEtCO), 2-propyl
ether (2Pr)2, 1.4-dioxane (DX) and tetrahydrofuran (THF)) in
n-heptane as the mobile phase. It was found that diol phases are
very suitable for separation of the above-mentioned compounds
in normal phase thin-layer chromatography. The selectivity of
the systems, the adsorptive properties of the diol-modified
phases, and the influence of the organic modifiers on retention
are discussed. Some results, obtained on diol-bonded silica gel,
are compared to underivatized silica gel as RMdiol vs. Rm silica
relationship.

INTRODUCTION

In recent years, high performance liquid chromatography (HPLC) has
become very important as an analytical technique well established in the
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Table 1

The Compounds Studied

No Populédr Name Systematic Name

1 Coumarin

2 4-Hydroxycoumarin

3 Umbelliferon 7-Hydroxycoumarin

4 4-Methylesculetin 4-Methyl-6,7-dihydroxycoumarin

5 Isopimpinellin 5,8-Dimethoxypsoralen

6  Esculin 6,7-Dihydroxycoumarin-6-glucoside

7  Flavone

8 a-Naphthoflavone

9  Kaempferol 3,4°,5,7-Tetrahydroxyflavone

10 Quercetin 3,3%,4°,5,7-Pentahydroxyflavone

11 Isoquercitrin Quercetin-3-0O-glucoside

12 Robinetin 3,3’,4°,5°,7-Pentahydroxyflavone

13 Robinin Kaempferol-3-O-robinoside-7-O-rhamnoside
14 Myricetin 3,3%,4°,5,5",7-Hexahydroxyflavone

15  Luteolin-7-O-glucoside  3°,4’,5,7-Tetrahydroxyflavone-7-O-glucoside
16  Rutin 3,37,4°,5,7-Pentahydroxyflavone-3-0-

rhamnoglucoside

17 Hesperetin 3’,5,7-Trihydroxy-4’-methoxyflavanone
18  Hesperidin Hesperetin-7-O-rhamnoglucoside

19  Naringin 4’ 5,7-Trihydroxyflavanone-7-0-

rhamnoglucoside

20  Pelargonidin Chloride 3,4’,5,7-Tetrahydroxyflavylium chloride
21 Malvin Chloride 3,4°,5,7-Tetrahydroxy-3°,5’-

dimethoxyflavylium-3,5-diglucoside

separation of coumarins and flavonoids.18 At present, after the introduction of
HPTLC plates with various chemically bonded stationary phases (aminopropyl,
phenyl, alkyl, cyanopropyl, diol, and others), they are applied even to difficult
separations of closely related compounds in mixtures. The most frequent silica
and silanized silica gel plates were used,915 but the polar bonded phases with
aminol6 or diol functional groups were used considerably less. Despite many
publications on TLC of coumarins and flavonoids, no publication on the
separation of investigated compounds on diol phases could be found. These
very polar compounds are strongly retained on silica gel plates, but diol phases
which behave like a deactivated silica gel with a similar retention mechanism
should be more suitable for chromatographic analysis.17,19
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In this paper, the retention of coumarins and flavonoids on HPTLC-Diol
plates, in normal-phase systems, was investigated. The experimental data
obtained on diol-phases was compared to the data obtained with bare silica gel
phases.

EXPERIMENTAL

Thin-layer chromatography was performed with 10 x 10 cm glass
HPTLC-DIOL F24 precoated plates (E. Merck, Darmstadt, Germany) in a
sandwich chamber with an eluent distributor. Samples (2 pL) of solution
(0.2% w/v) from the solutes in methanol were spotted and developed to a
distance of 8 cm. The location of the spots was determined under UV light (A
= 254 nm). The results (an average of three measurements, differing by no
more than 0.02 RFunits) and chromatographic conditions used are given either
in the figures or in the text. The temperature was maintained at 20+I1°C. All
reagents were of analytical reagent grade from E. Merck. The investigated
coumarins and flavonoids are listed in Table 1

RESULTS

Plots showing the effect of organic modifier concentration on the retention
of a series of coumarins and flavonoids on HPTLC-DIOL plates as adsorbent
are presented in Figures 1-3. In most instances, the linear relationship RM=
f(log C%) was obtained in accordance with the equation RM= R°M- m log C%.
The experimental data obtained for dioxane and 2-propanol are presented in
Figs. 1 and 2. The lines sometimes intersect, giving different selectivities
relative to the concentration of the stronger component in the mobile phase. In
Fig. 1A and IB, the results obtained for dioxane in n-heptane as the mobile
phase are presented. The very high slopes obtained on the diol-silica phase
indicate a multipoint adsorption, as well as solvation in the mobile phase.  An
increased number of the active sites (e.g.OH groups) in the solute molecule
causes a considerably stronger adsorption (lower RFvalues) and also increased
intercept (R°M values. The glucosides, as very polar compounds, have a lower
RF value on the diol-phase than do their aglycones. Methylation of the
hydroxyl group decreases the retention and, also, the slopes and intercepts are
lower.  Generally, the order of RF values is in accordance with their
hydrophobicity ROCH3 >ROH > R(OH)2 > RO-sugar.l2 Malvine chloride,
hesperetin and isopimpinellin exhibit lower slope and intercept values
according to their hvdrophobic methoxyl groups; they have higher RF values.
Coumarins and flavonoids possessing hydroxyl groups have the possibility of
forming hydrogen bonds with alcoholic hydroxyl groups on the diol-adsorbent.
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Figure 1. Dependence of coumarins and flavonoids Rm values on log C (% viv) for
HPTLC on diol-modified silica with dioxane - n-heptane as mobile phase. Compound
identities are as in Table 1
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Figure 2. Dependence of coumarins and flavonoids Rm values on log C (% viv) for
HPTLC on diol-modified silica with 2-propanol - n-heptane as mobile phase.
Compound identities are as in Table 1
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Figure 3. Correlation between Rm values of coumarins and flavonoids obtained on diol
and silica layers. Mobile phases: 3A, 60:40 (v/v) dioxane - n-heptane for diol and 80:20
(v/v) dioxane - n-heptane for silica; 3B, 60:40 (v/v) ethyl-acetate - n-heptane for diol
and 80:20 (v/v) ethyl-acetate - n-heptane for silica; 3C, 40:60 (v/v) 2-prcpanol for both
adsorbents. For identification of solutes, see Table 1
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Table 2

Rm(HPTLCdiol) and ARMValues Relative to Coumarin*

40% 60 % 60 % 50% 60 % 80%
2-PrOH EtOAcC MeEtCO THF DX (2-Pr)20
+ + + + + +
Heptane Heptane Heptane Heptane Heptane Heptane

NoeRm ARm Rm ARm Rm ARm Rm ARm Rm ARm Rm ARm

-044 _ -051 — -043 __ -040 - 037 — 008 __
-0.67 -0.23 0.10 0.61 0.00 043 -0.12 0.28 0.04 041 0.73 0.65
-0.33 0.11 -0.04 0.47 -0.04 0.39 -0.13 0.27 -0.03 0.34 0.55 0.47
-0.21 0.23 0.40 091 031 0.74 0.06 046 0.27 0.64 1.07 0.99
-0.13 0.31 -0.38 0.13 -0.31 0.12 0.29 0.11 -0.37 0.00 0.37 0.29
0.60 -0.16 — — 120 163 108 148 108 145 — —
-0.52 -0.08 -0.31 0.20 -0.21 0.22 -0.40 0.00 -0.57 -0.20 0.51 0.43
-0.47 -0.03 -0.34 0.17 -0.23 0.20 -0.38 0.02 -0.47 -0.10 0.48 0.40
-0.58 -0.14 -0.31 0.20 0.06 0.49 -0.15 0.25 0.06 043 041 0.33
10 0.00 0.44 0.37 0.88 041 0.84 0.06 046 0.22 059 114 106
1073 117 — — - 108 148 108 145 — —
12 -0.40 0.04 -0.23 0.28 -0.25 0.18 -0.34 0.06 -0.32 0.05 0.36 0.28
13 113 157 — — - - - -
14 041 085 0.73 124 084 127 0.17 057 040 0.77 138 130

© O ~NO D WN

15088 132 — — - - 120 160 120 157 — —
16 1.06 150 — — - - - - - - -
17 -0.11 0.33 -0.05 0.46 0.06 0.49 -0.18 0.22 -0.53 -0.16 0.88 0.80
B - — — — - 113 153 093 130 — —
19 098 142 — — - - - 1.20 157 — —

20 -0.36 0.08 -0.34 0.17 -0.25 0.18 -0.29 0.11 -0.32 0.05 0.43 0.35
21 -0.43 0.01 -0.28 0.23 -0.08 0.35 -0.37 0.03 -0.32 0.05 0.22 0.14

* Compound No. 1in Table 1

surface. Thus, the more OH groups in the molecule, the stronger binding with
polar groups of the adsorbent and the lower the Rf values. Coumarins and
flavonoids act as proton donors or proton acceptors towards the
adsorbent-active sites that greatly influence retention and separation selectivity.

The results presented in the figures as plots RM = f(log C%) clearly
visualize the differences of the selectivity. 2-Propanol, with a higher eluent
strength than dioxane, gave comparable Rf values at lower concentrations
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(Figs. 2A and 2B). The elution order of the solutes changed, somewhat, but
generally, the more polar compounds (similarly with dioxane as modifier) are
more strongly retained. The dependence of retention and selectivity on the type
of organic modifier in the mobile phase is shown in Table 2. Selectivities of
modifiers are compared, and the best composition of the mobile phase to be
chosen as complementary solvent systems for rechromatography or for
two-dimensional development of the compounds not separated in one system.
Some compounds had too low or too high RFvalues (beyond the range 0.2 - 0.8
RF units). Robinine, luteolin 7-O-glucoside, rutin and pelargonidin, the more
polar compounds, did not migrate from the origin, but a-naphthoflavone, a
more hydrophobic compound, migrated at the solvent front. Diisopropyl ether
is a more selective modifier of low eluent strength. An 80% concentration of
2-propanol in n-heptane was used to elute the majority of the investigated
compounds in a reasonable range, in approximately the same order as was
obtained for other systems used.

The selectivity is very different from one modifier to another. Figs. 3A,
3B, 3C show RMda) vs. RMdU@) relationships in dioxane, ethyl acetate and
2-propanol systems. The compounds are more strongly retained on silica than
on the diol-phases (Fig. 3A). The selectivity on both types of adsorbent is very
similar; for quercetin, 4-hydroxycoumarin, and 4-methylesculetin, a better
selectivity on silica plates was observed and, for naringin, umbelliferon, malvin
chloride, and hesperetin, on diol plates.

The second electron-donor solvent, ethyl acetate, was also compared on
both adsorbents. For some compounds, the diol-phase is more selective; for
other compounds, silica is more selective. In the 2-propanol - n-heptane
systems (Fig. 3C), the solutes were adsorbed less strongly than in dioxane and
ethyl acetate - n-heptane. 2-Propanol, a proton donor-acceptor solvent with the
highest eluent strength, at 40% concentration in the mobile phase, gave
comparable RF values whereas, for dioxane and ethyl acetate, 60%
concentrations were required. For many compounds (robinine, myricetin,
quercetin, 4-methylesculetin and pelargonidin chloride), the diol phase was
more selective than the silica gel phase; however, in both cases, hydroxyl
groups were the active centers influencing the retention.

CONCLUSION

The diol-phases are very suitable for separation of coumarins and
flavonoids.  The investigated compounds are less strongly adsorbed on
diol-modified than on underivatized silica gel. Differences in the selectivity of
adsorbents and eluent systems can be utilized in the difficult separation of
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closely related compounds and they offer the possibility of choosing suitable
phase systems to identify the substances and they are useful in two-dimensional
development.
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ABSTRACT

An automated trace analytical system for guanethidine sulfate
in sera was developed using a liquid chromatograph with
column-switching and post-column reaction detection systems.
Guanethidine sulfate was post-labeled with ninhydrin in alkaline
solution, and the reaction products were monitored with a
fluorescence detector. Guanethidine sulfate, an antihypertensive
agent, in rat and human sera was analyzed using this automated
analyzer. The detection limit of guanethidine sulfate was 1.0
ng/mL. and the calibration curve was linear from 3.1 ng/mL to
1000 ng/mL with relative standard deviation of less than 3%.
The recovery from sera was 99.7 + 3.9%

INTRODUCTION

Guanethidine sulfate, I-[2-(I-perhydroazocinyl) ethyl] guanidine mono-
sulfate, is an antihypertensive agent usually administered orally to patients with
essential hypertension.  Also, this drug is a selective inhibitor of the
sympathetic nervous system at the postganglionic terminal of the adrenergic
neuron. Hannington-Kiff4 first reported the use of guanethidine for the
treatment of reflex sympathetic dystrophy. Since then, there have been
numerous reports regarding the effectiveness of intravenous regional block of
guanethidine.24 Sharpe et al.5 reported a case of severe and persistent
hypotension which occurred after a repeated guanethidine block, and concluded
that a careful monitoring of the cardiovascular system is important to prevent a
prolonged hypotension. Therefore, a rapid, and sensitive analytical method for
guanethidine sulfate is required for monitoring its concentration in patients'
sera and for determination of bioavailability of different preparations.

Several methods have been reported for the determination of guanidine
such as oxidimetry,6 complexometry,7 calorimetry,810 fluorometry,1112 and
liquid chromatography.13'6 Gas chromatography, after selective extraction,
was used for determination in biological fluids.I7 Guanethidine sulfate, in
tablets and biological fluids, was analyzed by a spectrofluorometric method
using the condensation reaction of the guanidino group with
9,10-phenanthraquinone,’8 and with benzoin.19 The official method2 for
assaying of guanethidine sulfate is based on colorimetry of the guanidino group
with sodium nitroferricyanide and potassium ferricyanide.  However, the
disadvantage of this method is the time-consuming, selective extraction
procedures and the low sensitivity.
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Hiraga and Kinoshita2l developed a post-column high performance liquid
chromatography method with fluorometric detection, based on the detection of
intense fluorescence produced using a reaction of guanidino base and ninhydrin
under alkaline conditions. We modified this method and connected an on-line
pre-treatment column for the selective extraction of guanethidine sulfate from
sera.

Here, we describe the details and performance of our newly developed
analytical system for guanethidine sulfate analysis, based on a liquid
chromatograph with automated column-switching and post-column reaction
fluorometric detection. This system was applied for analysis of guanethidine
sulfate in rat and human sera.

EXPERIMENTAL

M aterials and Methods

Guanethidine monosulfate was purchased from Sigma Chemical Co. Ltd.
(St. Louis, MO, U.S.A.)). lon pair reagents were purchased from Nacalai
Tesque, Inc. (Kyoto, Japan). All other chemicals were purchased from Wako
Chemical Co. Ltd. (Tokyo, Japan). Blood samples, collected from rat and
human, were centrifuged at 1,000 g for 15 min at room temperature and the
supernatant was directly injected into this analytical system.

Chromatography

Figure 1 shows the flow' diagram of the automated analytical system based
on a liquid chromatograph with a column-switching and a post-column
reaction detector. Eluent 1 consisted of 50 mM sodium dihydrogenphosphate
(pH 3.0 adjusted with 50 mM phosphoric acid). Eluent 2 consisted of
acetonitrile and 50 mM sodium dihydrogenphosphate (pH 3.0 adjusted with 50
mM phosphoric acid) (30:70, v/v) containing sodium |-o:tanesulfonate (7 g/L).
Eluent 3 was aqueous acetonitrile (500 ml/L).

Eluent 1was discarded after passing through the column switching valve
MV, Model MV-8010 (Tosch, Tokyo, Japan) and pre-column | (TSK
precolumn BSA-ODS; 35 mm x 4.6 mm 1.D., 10 pm, Tosoh).
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TSK precolumn BSA-ODS

Figure 1. Flow diagram of the automated guanethidine analyzer based on a liquid
chromeatograph with column-switching and post-colunm reaction systens.

Eluent 2 flowed through the switching valve to the analytical column Il
(TSKgel ODS-80TM; 150 mm x 4.6 mm ID. 5 pm, Tosoh) and a
spectrofluorometric detector, Model FS-8010 (Tosoh), then to waste in that
order. The flow rate of eluents 1 and 2 were 1.0 mL/min regulated with two
Model CCPM (Tosoh) pumps.

Aliquots of serum samples, each 200 pL, were directly injected into
column 1 using an autosampler, Model AS-8000 (Tosoh), where they were
trapped and rinsed with eluent 1 Guanethidine sulfate was separated from the
interfering substances and proteins in serum on pre-column I. Two minutes
after injection, samples were transferred from pre-column I to column Il with
eluent 2 by turning valve MV. Valve MV was then returned to the original
position after 5 min. At 15 min after sample injection, precolumn | was rinsed
with eluent 3 at a flow-rate of 1.0 mL/min. For 15-22 min, eluent 3 in
pre-column | was replaced with eluent 1, returning to the initial conditions, by
switching valve SV (Model SV-8010, Tosoh).
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On the other hand, eluent 2 passed through MV and column Il during
analysis, and passed from pre-column | to column Il over a period of 2-5 min
via MV. Guanethidine sulfate was separated on column II.

Post-column derivatization was accomplished as follows:  Aqueous
ninhydrin solution (6 g/L) and 1 M sodium hydroxide were delivered from two
reagent pumps (Model 885-PU, Japan Spectroscopic, Tokyo, Japan), at
flow-rates of 0.3 mL/min. The effluent from column Il was first mixed with 1
M sodium hydroxide, then mixed with aqueous ninhidrin solution (6 g/L). The
mixture was heated in a reaction coil (Teflon™ tube, 10 m x 0.5 mm 1.D.),
placed in a water-bath at 56°C, and the reaction products were monitored at Ex
392 nm and Em 500 nm with a spectrofluorometric detector.

Animal Experiments

Male wistar rats, weighing 250-280 g, were fasted for 18h before
experiments.  Guanethidine sulfate in saline was administered to rats
intramuscularly. Blood samples were taken from the right jugular vein before,
as well, as 15, 30, 60 and 120 min after administration. The amounts of
guanethidine sulfate in their sera were analyzed quantitatively.

RESULTS

The excitation and fluorescence maxima obtained from the reaction
products were 392 nm and 500 nm, respectively. Post-column derivatization
was performed by injecting 10 pL of standard solution of guanethidine sulfate
(5 geg/l) using a flow injection method. The effluent was allowed to react with
reagents containing various concentrations of ninhydrin (1-10 g/L) and sodium
hydroxide (0.5-1.5 M) at a flow rate of 0.3 mL/min, passing through a heating
device set at various temperatures (30-70°C), and the fluorescence intensity of
the reaction products was measured with a spectrofluorometric detector. The
fluorescence intensities reached plateaus at the ninhydrin and sodium
hydroxide concentrations of 5 g/L and 0.8 M, respectively. The fluorescence
increased with increasing reaction temperature and reached a maximum at
56°C. In the standard procedure, an aqueous solution containing ninhydrin (6
g/L) and 1 M sodium hydroxide was adopted as the reaction reagent, and the
reaction temperature was 56°C.

A pretreatment method, to clean up samples and for separation of
guanethidine sulfate, was examined using rat serum. A TSK precolumn
BSA-ODS (bovine serum albumin-coated ODS column; 35 mm x 4.6 mm I.D.,



2104 INAMOTO ET AL.

particle size 10 pm) and a TSK precolumn SW (hydrophilic silica gel column;
35 mm x 4.6 mm | D., particle size 15 pm) were examined as pre-column | for
sample clean-up. A good separation of guanethidine sulfate from the
interfering substances and proteins in serum was achieved using the TSK
precolumn BSA-ODS. Retention of guanethidine sulfate on pre-column | and
separation from the interfering substances were influenced by the pH of sodium
phosphate buffer. The final solution for eluent 1was 50 mM sodium phosphate
solution, pH3.0.

Guanethidine sulfate concentrated on pre-column I was eluted with eluent
2, and the effluent was transferred to column 11 (TSKgel ODS-80TM) for
further separation. The effects of ion-pair reagents were examined to separate
the drug from the interfering substances in the effluent on column Il. The best
separation was achieved in acetonitrile and 50 mM sodium dihydro-
genphosphate (pH 3.0, adjusted with 50 mM phosphoric acid) 30:70. viv
mixture containing sodium 1-octanesulfonate (7 g/L).

Under these conditions, a chromatogram of human serum was shown in
Fig. 2. No compounds were found to interfere in the quantitative analysis of
guanethidine. The calibration curve for guanethidine sulfate was linear, in the
range from 3.1 to 1000 ng/mL in human serum. The peak area was related to
the amount of guanethidine sulfate in human serum. The relationship was y =
0.8424x-0.7818 (r = 0.9999). The detection limit of guanethidine sulfate was
1.0 ng/mL (S/N = 3). The reproducibility of this procedure was sufficient, and
the coefficient of variation for 50 ng/mL guanethidine sulfate in human serum
was 2.6 % (n=100). The recoveries from human serum were around 99.7 *
3.9% (n=40).

The solutions of guanethidine sulfate in saline were administered to rats
intramuscularly.  Figure 3 showed the dose-response profiles of serum
guanethidine sulfate levels in rats. The changes in guanethidine sulfate in rat
serum were dose-dependent.

DISCUSSION

In the newly developed analytical system for the determination of
guanethidine sulfate in serum, sample treatment is very simple requiring only
one centrifugation step. The supernatant is automatically cleaned up with a
column-switching method, separated, and the guanethidine derivatives undergo
post-column derivatization and are quantified with a fluorescence detector.
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Figure 2. Chrometograns of guanethidine sulfate spiked to hurman serumt (a) control
and (b) spiked.

Figure 3. Dose-dependency of serum guanethidine sulfate levels following
intramuscular administration to rats. Intramuscular administration: @ ) 2, () 4, (A) 10
nmo/kg. Each point is the mean + S.D. of 5 animals.
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Guanethidine sulfate uniquely targets to the peripheral sympathetic
nervous system. The adrenergic blocking effects of guanethidine sulfate
requires presence of the drug in adrenergic neurons; the degree of adrenergic
blockade is a function of the plasma concentration of guanethidine under
normal conditions.2 Adrenergic neuronal blockade is generally accomplished
by plasma concentrations greater than 10 pg/L. After a single oral dose of
41mg guanethidine-14C, the maximum blood concentration of uncharged
guanetidine was 22 pg/L,2Zand half-life was diphasic; 1.5 days and from 4.1 to
7.7 days.24 Guanethidine bioavailability was incomplete and variable among
individual subjects. Only 3 to 50 % of an oral-dose reached the systemic
circulation.232 26 Such variation might be attributable to individual differences
in enteric absorption, first-pass metabolism, or renal clearance of guanethidine.

A significant correlation was also observed between the area under the
plasma level curve during the dose interval and the oral maintenance dose.24
With regard to administration of guanethidine sulfate in patients, those with
renal failure show orthostatic hypotension because of decreased renal blood
flow and depression of renal excretion. A stronger antihypertensitive action
causes a depression of metabolic function in aged patients. Therefore, it is
desirable to quantify serum concentration of guanethidine sulfate in patients to
determine appropriate dosage and dosing interval as well as to avoid
side-effects.

In conclusion, this method is simple, rapid, and sensitive, and is therefore

expected to be clinically useful for monitoring the concentration of
guanethidine sulfate in patients.
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VALIDATION OF A STABILITY-INDICATING
HPLC METHOD FOR THE DETERMINATION OF
DIPYRIDAMOLE IN DIPYRIDAMOLE
INJECTION

John Zhang, R. Brent Miller, Susan Russell, Robert Jacobus*

Fujisawa USA, Inc.
Pharmaceutical Sciences Department
2045 N. Cornell Avenue
Melrose Park, IL, 60160, USA

ABSTRACT

The validation of an isocratic high performance liquid
chromatographic (HPLC) procedure employing ultraviolet (UV)
detection for the analysis of dipyridamole in Dipyridamole
Injection is reported. The method is simple, reproducible,
accurate, and selective. The peak area versus dipyridamole
concentration is linear over the range of 50-150% of its label
claim of 5 mg/mL. The mean absolute recovery of dipyridamole
using the described method is 101.0 £ 0.6%, (mean £ SD, n = 9).
The precision (relative standard deviation, RSD) of label claim
amongst five independent sample preparations, is not more than
1.4%. Intermediate precision, as determined from fifteen sample
preparations, generated by two Analysts on different HPLC
systems over three days, exhibits an RSD of 1.0%. The Standard
and Assay Preparations are stable for up to 48 hours at room
temperature.

2109

Copyright © 1997 by Marcel Dekker, Inc.



2110 ZHANG ET AL.

The selectivity was evaluated by subjecting the finished
product (Dipyridamole Injection) to thermal, acidic, basic,
oxidative, and fluorescent radiation stress conditions. No
interference in the analysis of dipyridamole was observed from
degradation products, showing the method is stability-indicating.

INTRODUCTION

Dipyridamole is a coronary vasodilator used as an alternative to exercise
in thallium myocardial perfusion imaging for the evaluation of coronary artery
disease in patients who cannot exercise adequately.12 Dipyridamole Injection
is a parenteral solution consisting of dipyridamole (active), tartaric acid, and
polyethylene glycol 600 in sterile water for injection.

The analysis of dipyridamole has been determined by spectrophotometry,3
adsorptive stripping voltammetry,4 and HPLC with UV57 and electrochemical
detection.89 However, none of these methods are selective for potential
degradation products in the finished product, although two methods56 do
demonstrate selectivity with the raw material. This manuscript describes the
validation of a reverse phase HPLC method that is sensitive, accurate, and
reproducible for the determination of dipyridamole in Dipyridamole Injection.
Moreover, this method was determined to be stability-indicating.

According to the USP 23 <1225> guidelines, analytical methods for the
quantitation of major components of bulk drug substance or preservatives in
finished pharmaceutical products fall under Assay Category 1.10 Validation
data elements required for Assay Category | include precision, accuracy,
specificity, range, linearity, and ruggedness. The method for dipyridamole in
Dipyridamole Injection satisfies all of these requirements.

EXPERIMENTAL

Chemical and Reagents

Dipyridamole Injection was formulated at Fujisawa USA, Inc. (Melrose
Park, IL, USA). Dipyridamole was a USP reference standard. Polyethylene
glycol 600 was purchased from Dow Chemical (Freeport, TX, USA). ACS
reagent grade hydrochloric acid, acetic acid, sodium acetate, sodium hydroxide,
hydrochloric acid, hydrogen peroxide, and NF grade tartaric acid were
purchased from Mallinckrodt (Paris, KY, USA).
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HPLC grade methanol was purchased from Baxter [Deerfield, IL, USA).
The water was deionized and distilled. All reagents were used without further
purification.

Apparatus

The chromatographic system consisted of a solvent delivery system,
variable wavelength UV-visible detector set at 276 nm, variable volume injector
(all HP Model 1050, Hewlett-Packard, Palo Alto, CA, USA). A Waters
pBondapak C18 column (3.9 x 300 mm, 10 pm, Waters Associates, Milford,
MA, USA) was maintained at ambient temperature. The flow rate was 1.0
mL/minute with a typical operating pressure of ca. 1300 psi. Under these
conditions, the retention time of dipyridamole was 23 minutes.

Preparation of Solutions
Mobile phase

Prepare an acetate buffer by dissolving 2.38 g of sodium acetate in 350
mL water, adjust to pH 5.1 £ 0.1 with 36% acetic acid and mix. Add 650 mL

methanol to the acetate buffer, mix and filter through a 0.5 pm filter, and
degas.

Standard preparation

Accurately weigh Dipyridamole, USP reference standard and dilute to
volume with Mobile Phase and mix to yield a concentration of 1.0 mg/mL.

Assay preparation

Accurately transfer Dipyridamole Injection (label claim 5.0 mg/mL
dipyridamole) and dilute to volume with Mobile Phase and mix to yield a
dipyridamole concentration of 1.0 mg/mL.

System Suitability

The system suitability results were calculated according to the USP 23
<621> from typical chromatograms.1l The instrument precision, as determined
by five successive injections of the Standard Preparation, should provide an
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RSD not more than (NMT) 2.0%. The column efficiency should be greater
than 1000 theoretical plates. The tailing factor should not exceed 1.5 at 5%
peak height.

Specificity

The specificity of the method was studied through the analysis of stressed
Dipyridamole Injection (finished product) and stressed Placebo Solutions
(finished product without dipyridamole). The finished product was subjected to
thermal, acidic, basic, oxidative, and fluorescent light environments for set
periods of time or until dipyridamole degradation of 10-30%, as determined by
peak area percent, was obtained.

Five mL aliquots of the finished product and Placebo Solution were sealed
in transparent glass containers with equal head space and exposed to various
stress conditions. Thermal stressed samples were stored at 70°C. Acid stressed
samples were adjusted to pH 2 with concentrated HC1. Base stressed samples
were adjusted to pH 12 with 50% NaOH. Oxidative stressed samples were
subjected to 30% H2 2 Fluorescent stressed samples were subjected to 500-
700 foot-candles of radiation.

Data Acquisition

The peak areas of dipyridamole were measured using HP Chemserver
Model 4930 (Hewlett-Packard, Palo Alto, CA, USA). The chromatographic
data was automatically processed for peak area followed by an unweighted
linear regression analysis.

RESULTS AND DISCUSSION

Chromatography

Typical chromatograms obtained from a 15 pL injection of a Standard
Preparation, Assay Preparation, and Placebo Solution are illustrated in Figures
1 (a-c), respectively. The retention time of dipyridamole was 23 minutes. The
overall chromatographic run time was 30 minutes.
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Figure 1. Typical chromatograns of (a) a Standard Preparation, (b) Assay Preparation
and () Placebo Solution (Dipyridamole Injection not containing dipyridanole). The
retention tine of dipyridarmole is 23 minutes.
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Table 1
System Suitability*
Run % RSD Tailing Factor Column

(n=5) Limit: NMT 2.0 Efficiency
Limit: NLT 1000

1 0.3 13 2857
2 0.4 11 2704
3 0.1 12 3407
4 0.1 12 3079
5 0.2 10 3352
6 0.3 11 3021
7 0.1 10 3015
8 0.7 11 3202
9 0.2 11 2655
10 0.4 10 3480

* Tailing factor and column efficiency are calculated from the dipyridamole
peak.

System Suitability

In all cases, the column efficiency for dipyridamole was greater than 2650
theoretical plates. The tailing factors of dipyridamole were not more than 1.3.
The instrument precision, determined by 5 replicate injections of the Standard
Preparation, exhibited a maximum RSD of0.7%. Table 1 illustrates the system
suitability results obtained over 10 independent runs spanning 3 months.

Precision

The precision (repeatability and intermediate precision) of the method was
determined from one lot of finished product.

Repeatability
Five Assay Preparations were analyzed in a single session by Chemist |

with HPLC System I. The RSD of the five results were within the 2% limit
(Table 2).
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Table 2

Assay Precision*

Run Assay Value Average Assay RSD
(%) (%) (%)
1 99.8
Chemist | 100.3
HPLC System | 100.3 99.6 14
100.4
97.2
2 100.9
Chemist | 100.8
HPLC System | 100.7 100.6 0.4
100.7
100.0
3 101.4
Chemist Il 101.3
HPLC System Il 101.4 100.9 0.6
100.1
100.5
Intermediate Precision 100.4 1.0
(n=15)

*Repeatability acceptance criteriaz; RSD NMT 2%.

Intermediate Precision

Intermediate precision was evaluated using Chemist I/HPLC System | to
independently analyze five Assay Preparations from the same lot of finished
product, and to have another analyst using a different chromatographic system
(Chemist II/HPLC System I1) analyze five Assay Preparations from the same
lot. The RSD of each individual precision run was not more than 2% (Table 2).
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Table 3

Assay Accuracy*

Approximate  Amount Theoretical Amount Average RSD
% Claim of Determined Amount Recovered Recovery (%) (%)
Sample (mg/mL) (mg/mL) (%) (n=3)
50 0.5104 0.5000 102.1 101.5 0.6
0.5065 0.5000 101.3
0.5049 0.5000 101.0
100 1.008 1.000 100.8 101.0 0.4
1.007 1.000 100.7
1.014 1.000 1014
150 1.520 1.500 101.3 100.6 0.7
1.500 1.500 100.0
1.506 1.500 100.4
Overall Recovery (n=9) 101.0 0.6

*Accuracy acceptance criteria: 97.0 to 103.0%. Precision acceptance criteria:
2% within each level.

Table 4

Linearity of Dipyridamole*

% Label Final Average
Claim Concentration Peak Area
(mg/mL) Response

50 0.50 12891651

80 0.80 20654643
100 1.00 25685373
120 1.20 30784865
160 161 40631288

slope, m = 2,50 x 107
y-intercept, b = 5.81 x 105
correlation, r = 1.000
bias = 0.02%

* Coefficient of Correlation Acceptance Criteria: NLT 0.999. Bias
acceptance criteria: + 3.0%.
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Table 5

Stability of Analytical Solutions*

Peak Area Response and % Change

Time Standard % Change Assay % Change
(Hours) Preparation Preparation
Zero Time 25622948 NA 25795058 NA
25 25480425 -0.6 25677676 -0.5
48 25606819 -0.1 25803515 0.0

* Stability Criteria: stable over the interval where the % change from zero
time is within 2%.

Furthermore, the average percent assay values obtained were 99.6, 100.6,
and 100.9% for runs 1, 2, and 3, respectively (Table 2). This yields an
intermediate precision RSD value of 1.0% (mean=100.4% dipyridamole, n=15)
amongst the three runs. The low scatter in the data supports the high degree of
ruggedness of the analytical method.

Accuracy

The accuracy of the method was shown by analyzing Placebo Solutions
spiked with known amounts of dipyridamole and comparing the analytical
result to the known added value. The average percent recoveiy was calculated
at each concentration level. The average amounts recovered were 101.5, 101.0,
and 100.6% for concentrations of about 50, 100, and 150% of label claim,
respectively.

This yields an overall average recovery of 101.0% (n=9) for the analytical
method (Table 3). Since the results obtained are within the acceptable range of
97.0 to 103.0%, the method is deemed to be accurate.

Linearity

A linear response in peak area for dipyridamole over the range of 50-
160% of its label claim was observed. The correlation coefficient was 1.000
and the bias was 0.02% (Table 4).
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Table 6

Specificity Results

Stress Condition of % Degradation Peak Homogeneity
Finished Product Limit: NLT 990
Thermal (70°C, 110 hrs) 16.0 999.99
Acid (2 weeks) 0.2 999.95
Base (2 weeks) 11 999.98
Oxidation (110 hrs) 11.0 999.98
Fluorescence (500- 6.0 999.99

700 fit-candles, 72 hrs)

Range

The range of the assay method has been set at 50 tO 150% of the finished
product label claim (5mgmL dipyridamile), since the method has been shown
to be precise, accurate, and linear within this range.

Stability of Analytical Solutions

The stability of the analytical solutions was determined from the Standard
Preparation (prepared from USP Reference Standard) and Assay Preparation
(prepared from finished product) at room temperature. These solutions were
analyzed at 0, 24, and 48 hours and analyzed against a freshly prepared
standard at each time interval. The dipyridamole concentrations were
examined as a function of time (Table 5). These data were evaluated for
percent change from time zero. The Standard Preparation and Assay
Preparation were found to be stable for 48 hours, respectively. Since the
percent change is within £ 2%, the solutions are considered stable at room
temperature.

Specificity

Dipyridamole Injection was stressed by thermal, acidic, basic, oxidative,
and fluorescent radiation for up to 2 weeks or until approximately 10-30%
degradation of dipyridamole was achieved, as determined by peak area percent.
The results of the stress studies are presented in Table 6.
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Figure 2. Specificity chromatogram of stressed Dipyridanole Injection.  The retertion
time of dipyridanole is 23 rminutes.

No interfering peaks at the retention time of dipyridamole were observed
in any of the stressed samples. A chromatogram illustrating the specificity
from a combination of thermal, oxidation and light stress is provided in

Figure 2.
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Peak Homogeneity

The control sample, stress samples, and placebo samples were analyzed
using an HPLC equipped with a photodiode array detector. The dipyridamole
peak was determined to be homogeneous since a purity value > 990 was
obtained in all cases (Table 6)

CONCLUSION

The described isocratic HPLC method for the analysis of dipyridamole has
been evaluated for system suitability, linearity, precision, accuracy', stability of
solutions, and specificity. The dipyridamole peak response has been shown to
be precise, accurate, and linear, in the range of 50 to 150% label claim.
Precision between two chemists on two different chromatographic systems was
demonstrated to be within 1.0%. The Standard and Assay Preparations were
found to be stable for 48 hours, at room temperature. Finally, the method has
proven to be specific under a variety of stress conditions, while maintaining
peak homogeneity. Consequently, the validated method for the determination
of dipyridamole in Dipyridamole Injection is regarded as stability-indicating.
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AN HPLC METHOD FOR THE
DETERMINATION OF VITAMIN BI,
CAFFEINE, ACETYLSALICYLIC ACID, AND
THE IMPURITIES OF SALICYLIC ACID IN A
PHARMACEUTICAL PREPARATION
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ABSTRACT

An ITPLC method for the determination of Vitamin BI,
caffeine, acetylsalicylic acid and salicylic acid in tablets
containing all four drugs is reported. After optimization of the
variables involved, the method has been characterized and
validated in terms of calibration (Standard Addition
Methodology), repeatability and selectivity, and finally, applied
to the quality control of the final product.

INTRODUCTION

Calmante Vitaminado is a Spanish pharmaceutical with analgesic effects
for mild and moderate pain, which contains acetylsalicylic acid (ASA), caffeine
and vitamin Bl as active compounds. In addition, salicylic acid (SA) is present
as an impurity, while wheat and magnesium stearate are found as excipients in

the tablets. Despite the fact that methods for the individual determination of
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these compounds in mixtures have been reported so far. there are no methods
for the joint determination of these three active drugs. Various HPLC methods
for the determination of thiamine, together with other water-soluble and lipo-
soluble vitamins in multivitamin preparations, can be found in the analytical
literature.14 Pharmaceuticals containing ASA and caffeine in binary or higher
multianalgesic mixtures are very common, so a pleiade of methods, mainly
based on HPLC,59 have been reported so far. Nevertheless, there are no
methods in the pharmaceutical literature for the determination of ASA,
caffeine, and vitamin B 1

We have developed and validated an HPLC method for the joint
determination of the active compounds of Calmante Vitaminado, in order to use
it for the quality control of the final product (tablets). As, salicylic acid is
common in formulations containing ASA as a result of both its presence as an
impurity of SAS and its formation during the preparation of aspirin products,10
the method also involves the determination of SA.

MATERIALS

Reagents

HPLC-grade methanol (Scharlau Chemicals), orthophosphoric acid (85%
w/w, Merck), potassium dihydrogen phosphate (Merck), and ultrapure water
were used to prepare the HPLC mobile phase. Standard solutions were
prepared from Vitamin Bl, caffeine, acetylsalicylic acid, magnesium stearate,
wheat starch (kindly provided by Calmante Vitaminado. S.A., Spain), and

salicylic acid (Aldrich). Albet filter-paper (No 1305) was used for sample
preparation.

Apparatus and Instruments

The HPLC system consisted of a Knauer HPLC pump-64, a Rheodyne
7125 high-pressure injection valve furnished with a 135 pL loop, a Waters 490
programmable multiwavelength uv/vis detector, and a Knauer recorder. The
250x4.6 mm id. column was packed with 5 pm Ultrabase C,8 (Scharlau

Science, Spain). A Bandelin Sonorex K 52 ultrasonic bath was used to dissolve
the samples.
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METHODS

Chromatographic Conditions

The mobile phase was methanol-0.02 M potassium dihydrogen phosphate
(30:70, v/v) (pH 4.0) at a flow-rate of 1.5 mL min’. The injection volume was
135 pL and the UV detector was operated at 246 nm (vitamin Bl), 274 nm
(caffeine), and 224 nm (acetylsalicylic acid and salicylic acid). These
wavelengths provided the maximum absorbance for each compound. The
retention times of vitamin BI, caffeine, SA and SAS acid were 2.3, 6.6. 9.7.
and 12.8 min, respectively. Figure 1 shows a typical HPLC chromatogram.

Preparation of the Mobile Phase

A 0.02 M buffer solution was prepared from potassium dihydrogen
phosphate and ultrapure water. HPLC grade methanol and the buffer solution,
filtered through a 0.45 pm Nylon filter, were mixed in a 30:70 (v/v) ratio. The
solution was degassed in an ultrasonic bath for 15 min and the pH adjusted to
4.0 by adding orthophosphoric acid (1% in ultrapure water).

Preparation of the Standard Solutions

Calibration solutions were prepared by diluting the standard stock solution
(100 mg I'1 of each compound prepared in the mobile phase) with the mobile
phase. The solutions were sonicated for 5 min.

Preparation of the Tablet Solutions and Procedure

10 tablets accurately weighed were ground and mixed in a mortar. 75 mg
of the powder was transferred to a 25 mL flask and made to volume with
mobile phase, sonicated for 15 min, and filtered through filter-paper.

For vitamin B 1 determination, the solution was injected directly, whereas
for the determination of the other compounds, a dilution (200 pL in 10 mL)
with the mobile phase was necessary. Duplicate injections were performed
in all instances. Measurements were based on peak height.
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20 0 20 0

TIME (min> XIME (min)

Figure 1. HPLC chramatogram (a): Tablet solution (60 jig mL'1). (b): Tablet solution
(60 Jig mLY) "spiked" with Vitamin BL (10 pg mL'1). Peak identificatior: (1): Vitamin
BL, (2: caffeine (3): sdlicflic acid, (4). acetylsalicyiic acid See tedt for
chromatographic tiors.

RESULTS AND DISCUSSION

Optimization of the Chromatographic Conditions

As the vitamin Bl-caffeine-ASA ratio in the tables is 1:25:250 (by
weight), the optimization of the chromatographic conditions was carried out
using similar amounts of the three active compounds, as well as of SA in order
to clearly distinguish the behaviour of each of the compounds whilst changing
the variables.
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The experimental variables, optimized to obtain adequate separation of
the eluted analytes, were the composition of the mobile phase, the flow-rate,
and the injection volume.

The influence of the percentage of methanol in the binary methanol-
phosphate buffer mixtures used as mobile phase to separate the analytes in a
Ultrabase C]8 column, was studied in the range 0-100% v/v methanol. A 30:70
methanol-buffer mixture at pH 4.0 was selected as optimal.

The influence of the flow-rate of the mobile phase was studied in the
range 0.5-2.0 mL min'], providing an optimum value at 1.5 mL min"L

An injection volume of 135 pL was selected as optimum. Above this
value, the increase in sensitivity did not compensate for the increase in
pressure.

A mixture of the analytes at the concentration ratio in the tablets was
injected after optimization. Figure 1 shows the cromatogram obtained, which
justified the use of two injections of the sample at different dilutions.

Validation of the Method
Calibration

The standard addition methodology11l was used for calibration. The sets
of data obtained in 3 calibration experiments with standard solutions (namely:
Standard Calibration, SC), standard additions (Standard-addition calibration,
AC), and portions of sample (Youden Calibration, YC) were used for each
compound. The accuracy of the analytical results was checked by comparing
both the analytes content in the different calibrations and the recoveries,
calculated by dividing the net content found by that added for each addition.
The Alamin program was used for calculation.12

The SC were run with triplicate injections of the standard solutions and
the responses versus concentrations were linear in the following ranges:

Vitamin B1 1.9-25mg L"1
Caffeine 2.2-25mg L'l
Salicylic acid 1.5-25mg L'l

Acetylsalicylic acid 3.6-50 mg L"1
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Table 1
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Features of the Proposed HPLC Method for the Determination of
Vitamin BI, Caffeine. Salicylic Acid, and Acetylsalicylic Acid

A%) sy
Vitamin Bl

SC 99.91 2.16 103
AC 99.28 5.9110'3
YC 99.86 1.7310'3

Caffeine

SC 99.89 2.24-10'3
AC 99.86 2.31 103
YC 99.99 6.32 104

Salicylic Acid
SC 99.95 150103

AC 99.96 1.16 103
YC 1.00 0

Acetylsalicylic Acid
SC 99.92 3.16 10'3

AC 99.95 214103
YC 99.99 3.87 104

SC: Standard calibration

Sa

9.02-10"4
4.94 103
2.12 103

9.35 104
1.94 103
7.75 104

6.26-10'4
9.72-104
0

1.32 103
1.7910'3
4.74-10'4

AC: Standard addition calibration

YC: Youden calibration
Y = Absorbance (peak height)
X = Concentration in pg mL 1

S8 Calibration Curve

5.96 10’5 Y=8.57 10"4+8.08-103X
5.28-10'4 Y=55.30-10'3+8.76- 10'3X
8.00 10'7 Y=1.00 10'3+2.90 105X

6.18 105 Y=-1.4310'4+7.30- 10'3X
2.07-10'4 Y=60.60 10'3+7.8210'3X
5.70 106 Y=-3.00m0'3+7.16m0'4X

4.13 105 Y=-|.17-10'3+7.10- 103X
1.04 104 Y=29.4010'3+6.9810'3X
0 Y=-1.0103+8.0010'5X

4.37 105 Y=-3.03 10"3+6.10-10'3X
9.59 105 Y=68.40 10'3+6.0410'3X
173 105 Y=-5.00104+3.4310'3X

Only one injection of each solution was made in the two other calibration
procedures. The numerical values of the parameters of these calibrations are
shown in Table 1 The values of the slopes (SC and AC) are similar in all

instances.
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Table 2

Results of Recovery Assays (from the Standard-Addition Calibration)
to Check Accuracy

Vitamin B 1(@) Sample b R© (%) R<) (Average)
5 2 98.40
10 2 93.43 99.73
15 2 107.35

Caffeine(b Sample00

5 100 89.45
10 100 103.23 98.66
15 100 103.29

Salicylic Acid Sample00
5 400 97.12
10 400 100.73 98.99
15 400 99.11

Acetylsalicylic Acido0  Sample00

10 20 98.11
20 20 98.51 98.78
30 20 99.73

@In pgmL'l

YHInmgml/l

(0 Recovery

The results from SC and AC are not significantly different, so the method
is accurate. The average recoveries from the AC are shown in Table 2. This
supports the accuracy of the method. The conclusion obtained is that the
determination of the four compounds in tablets can be carried out directly by
the SC methods. The figures of merit of the method, calculated from SC data
sets,13are shown in Table 3.
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Table 3
Features of the Analytical Method from the Standard Calibration Data Set

Vitamin B1 Caffeine Salic. Acid Acetylsalic. Acid

Sensitivity R 0.267 0.306 0.211 0.512
Precision (RSD, %)  1.13d 1.250 0.88(0) 1.08
Detect, limitl3 0.572 0.655 0.449 1.090
Determ, limit13 1.908 2.182 1.498 3.632
Linearity (%) 99.26 99.16 99.42 99.29
@ InpgmL'1

(bl At 15pg mL'1
©At30 ggmL'l

Selectivity

The excipients of the commercial tablets (magnesium stearate and wheat
starch) caused no effect in the determination of the compounds, as they did not
absorb in the uv region where measurements were performed, and they were
not retained by the column, so the determination of the active compounds of
this pharmaceuticals is free from interferences.

Reproducibility

The method was applied, under the optimal working conditions, to 10
samples from powder obtained from 10 commercial tablets, and injected in
duplicate. The samples were prepared as described previously. The results are
shown in Table 4. The highest RSD value corresponds to the analyte at lower
concentration (SA: RSD 12%); while more acceptable RSDs are obtained for
ASA and vitamin Bl (note that a more concentrated sample is used for the
latter).

Application of the Method

The performance of the method was tested by applying it to the
determination of the target compounds in 12 samples each obtained from 10
tablets of 12 different batches of commercial tablets.
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Table 4

Reproducibility of the Method: Results from 10 Different Samples,
Injected in Duplicate

Retention Time (Min) Mg/Tablet
Vitamin B1 2.29+0.06 (RSD=2.52%)  2.17+0.09 (RSD=3.96%)
Caffeine 6.63+0.13 (RSD=1.94%) 59+4 (RSD=6.63%)
Salicylic Acid 9.39+0.17 (RSD=1.76%) 13.9+1.7 (RSD=12.11%)

Acetylsalicylic Acid  12.58+0.16 (RSD = 1.27%)  446+11 (RSD = 2.47%)

Table 5

Application of the Proposed Method to the Analysis of Tablets from
Different Batches, Injected in Duplicate

Batch Vitamin Bl Caffeine Salicyclic Acid Acetylsalicylic
Number Acid
mg/Tablet tr mg/Tablet +t mg/Tablet tr mg/Tablet tr

217 229 59.09 6.63 13.95 9039 44593 1258
2.23 222 63.09 6.60 12.02 985 517.07 1258
2.24 231 4671 6.70 9.23 1008 316.16 13.05
2.35 236 53.82 6.57 751 1008 39205 1272
2.53 234 57.70 6.63 8.70 1013  466.22 1315
3.23 226 64.39 6.53 9.06 1013 49583  13.07
2.66 225 5518 6.62 7.50 1030 41499 1328
2.48 237 5192 6.47 8.88 1019 38671 1294
3.13 234 4984 6.58 10.47 991  409.16 1297
3.22 232 47.07 6.72 7.56 1020 37617 1321
3.00 234 4892 6.65 9.10 1006 387.97 1314
3.23 232 4918 6.71 6.18 1015 33723 1321
Average 2.7 231 539 6.62 92 10.04 4121 12.99
S 04 005 61 0.06 21 0.24 60.2 0.24
RSD (%) 15.8 20 1n2 11 232 24 14.6 19

KeEBBwo~NoudhwN R

Samples were prepared as described previously and injected in duplicate.
The results are shown in Table 5. The analysis revealed some shortcomings in
the manufacturing process, both because the concentrations found did not
always agree with the nominal content of the pharmaceutical preparation, and
because of the differences between batches.
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CONCLUSIONS
The method proposed here does not enable the determination of the four
analytes in a single injection owing to the large differences in their
concentrations in the target pharmaceuticals. The two-injection determination
provides excellent precision for the most dilute active compound (vitamin Bl).
The content of the decomposition product of ASA is below the limit
permitted by the European Pharmacopeia in ASA-containing tablets (less than

3.2%). The validation study demonstrated the accuracy of the method, which
can be safely applied for quality control of the final product.
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DETERMINATION OF BENAZEPRIL AND
CILAZAPRIL IN PHARMACEUTICALS BY HIGH
PERFORMANCE LIQUID CHROMATOGRAPHY

A. Gumieniczek, L. Przyborowski

Department of Medicinal Chemistry
Medical Academy in Lublin
Chodzki Str. 6
20-093 Lublin, Poland

ABSTRACT

A high performance liquid chromatography method was
developed for the specific determination of new angiotensin-
converting enzyme inhibitors benazepril and cilazapril in
pharmaceutical dosage forms.  The proposed method was
conducted using a reverse phase technique, UV monitoring at
211 nm and enalapril as an internal standard. The detector
response was linear in the range of 10-50 pg/mL for benazepril
and 40-200 pg/mL for cilazapril. The drugs were extracted from
tablets with methanol. The percentage recoveries ranged from
96.34 to 102.04 and from 103.08 to 107.96 for benazepril and
cilazapril, respectively.

INTRODUCTION

Benazepril-HCI, 3-[(1-ethoxycarbonyl-3-phenyl-( 1S)-propyl)-amino]-2,3,
4,5-tetrahydro-2-oxo-1-(3S)-benzazepine-l-acetic acid hydrochloride and
cilazapril, 9(S) - I(S)-[(ethoxycarbonyl)-3-phenylpropylamino]-octahydro-10-
0x0-6H-pyridazo[l,2a] [l,2]diazepine-I(S)-carboxylic acid (Figure 1), the
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BENAZEPRIL

CILAZAPRIL
Figure 1. Chemical structures of investigated drugs.

angiotensin-converting enzyme inhibitors are the new drugs used in the
treatment of hypertension. So far a few analytical procedures have been
described for determination of benazepril, cilazapril and their active
metabolites in plasma. These methods were based on gas chromatography-
mass spectrometry,lradioimmunoassay2and enzymeimmunoassay.3 Barbato et
al. examined the chromatographic behaviour of several ACE inhibitors by high
performance liquid chromatography.4 The influence of different organic
modifiers and of counter-ions in the mobile phase allowing the determination
of the best experimental conditions for the analysis of these compounds, was
investigated. However, there are no publications concerning the analysis of
benazepril and cilazapril in their dosage forms. So, we decided to work out an
assay procedure which would serve as a rapid and reliable method for the
quality control of benazepril and cilazapril in pharmaceutical formulations.



BENAZEPRIL AND CILAZAPRIL IN PHARMACEUTICALS 2137

MATERIALS

Reagents

Benazepril  hydrochloride was received from Ciba-Geigy, Ltd.
(Switzerland), cilazapril was received from Hoffmann-La Roche, Ltd.
(Switzerland). Enalapril maleate was obtained from Polpharma S.A.(Poland).
Tablets of Lotensin® (20 mg) from Ciba-Geigy and tablets of Inhibace® (5
mg) from Hoffmann-La Roche were used. HPLC grade acetonitrile and
methanol were purchased from E.Merck (Germany). All the other reagents
were of analytical grade.

The water needed in the experiments was double distilled. The buffer was
prepared by adding phosphoric acid to 0.067 M potassium dihydrogen
phosphate to obtain a final pH of 2.4.

Apparatus

The HPLC system consisted of a Model 302 solvent delivery pump from
Techma-Robot Warsaw (Poland) and a Model LCD-2040 variable wavelength
UV detector from Laboratorni Pristroje Praha (Czech Republic).
Chromatograms were recorded with a Model TZ-4620 recorder from
Laboratorni Pristroje Praha. A Model 327 reciprocating shaker from Premed
(Poland) was applied.

METHODS

Chromatographic Conditions

Chromatography was carried out on LiChrosorb RP-18 column (250x4
mm) with particle size of 10 pm. The mobile phase consisted of phosphate
buffer pH 2.4 and acetonitrile (7:3, v/v). The flow rate was 1 mL/min. The
column effluent was monitored at 211 nm using a detector range of 0.08 AUFS
and a chart speed of 0.06 cm/min.  Sample volumes of 20 pL were injected
into the analytical column with a manual HPLC injector fitted with a 20 pL
loop (from Laboratorni Pristroje Praha). All assays were performed at ambient
temperature.
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Solutions

The stock solutions of benazepril-HCI (1 mg/mL), Cilazapril (1 mg/mL)
and of internal standard-enalapril maleate (4 mg/mL) were prepared by
dissolving appropriate amounts of the substances in methanol. These solutions
were stable for at least two months if stored at 4°C.

Calibration for Benazepril Assay

0.1, 0.2, 0.3, 0.4, 0.5 mL volumes of the stock solution of benazepril-HCI
were pipetted into 10 mL volumetric flasks. Then, 0.2 mL volume of the
internal standard solution was added to each sample and made with methanol
up to the mark. 20 pi volume of each sample was then injected into the
column. All measurements were repeated three times for each concentration.

The peak heights were measured and the peak height ratios of analyte to
internal standard were then plotted against the respective concentration of
benazepril-HCI.

Calibration for Cilazapril Assay

0.4, 0.8, 1.2, 1.6, 2.0 mL volumes of the stock solution of cilazapril and
0.5 mL volumes of the stock solution of internal standard were mixed in
volumetric flasks and completed to 10 mL with methanol. A 20 pL volume of
each sample was then injected into the column. All measurements were
repeated three times. The calibration curve was constructed by plotting the
peak height ratios of cilazapril to the internal standard versus the respective
drug concentration.

Tablets of Benazepril: Extraction and Quantification

The weighed tablets of Lotensin® were ground to a fine powder. The
amounts equivalent to 25 mg of the compound were extracted with methanol in
25 mL volumetric flasks. 0.1, 0.3 and 0.5 mL volumes of the filtered extracts
were transferred into 10 mL flasks; 0.2 mL volumes of the internal standard
solution were added and made up with methanol. Then, 20 pi volume of each
sample was injected into the column.
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Tablets of Cilazapril: Extraction and Quantification

Tablets of Inhibace® were weighed and pulverized. The amounts
equivalent to 25 mg of the compound were extracted with methanol in 25 mL
volumetric flasks. 0.4, 1.2, 2.0 mL volumes of the filtered extracts and 0.5 mL
volumes of the internal standard solution were pipetted into 10 mL flasks and
completed with methanol. 20 pi volume of each sample was then injected into
the column.

RESULTS AND DISCUSSION

A reversed phase HPLC procedure was proposed as a suitable method for
the analysis of benazepril-HCI and cilazapril in the dosage forms. The
chromatographic conditions were adjusted in order to provide a versatile HPLC
procedure capable of separating benazepril or cilazapril and the internal
standard. A mixture of phosphate buffer, pH 2.4 - acetonitrile (7:3, v/v) at a
flow rate of 1 mL/min, was found to be an appropriate mobile phase allowing
adequate separation of active substances and the internal standard. As shown
in Figure 2, the substances were eluted, forming well shaped, symmetrical
single peaks, well separated from the solvent front.

The relationship between the peak height ratios of benazepril-HCI to the
internal standard and the concentration of drug, was linear over the
concentration 10-50 pg/mL. The detection limit for the analysis of benazepril
was 5 pg/mL with 20 pi injection. The regression equation was y=1.46x-0.004
(standard error of slope=0.0191485, standard error of :ntercept=0.0127017),
where y=peak height ratio of drug to that of internal standard and
x=concentration of drug in pg/20 pi. The correlation coefficient for the
regression line was 0.9997.

For the quantitative determination of cilazapril, the linear calibration
curve was obtained in the range of 40-200 pg/mL, with the detection limit 10
pg/mL. The regression equation was y=0.31375x-0.003 (standard error of
slope=0.00314576, standard error of intercepts.0083466), where y=peak
height ratio of cilazapril to that of the internal standard and x=concentration of
drug in pg per 20 pi; the correlation coefficient was 0.9958.

Methanol was chosen as the extraction organic solvent because of
solubility properties of the examined drugs and a reversed phase mode of
chromatography. The recoveries, after extraction from the tablets, were found



2140 GUMIENICZEK AND PRZYBOROWSKI

B

oo

Figure 2 Typical chrametogras of berezepril (B), Cilazapril (C) and interrel
stancarcerdlapril (E).

to be 99.99 + 1.96% for benazepril-HCI and 106.04 + 178% for
cilazapril(mean + standard deviation). The precision of the chromatographic
analysis in tablets was determined at three concentrations of both drugs. The
coefficients of variation were obtained by repeating the procedure five times for

each sample (Table 1).
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Table 1

Results of the Determination of Benazepril and Cilazapril in Tablets
(n =5 for each Sample)

No Amount Expected Amount Found Coefficient of
pg/20 p.L (Mean + SD) Variation (%0)
Benazepril
1 0.20 0.200 + 0.0089 4.45
2 0.60 0.584+0.0102 175
3 1.00 1.002+0.0103 1.02
Cilazapril
1 0.80 0.806 + 0.0282 3.50
2 2.40 2.526 +0.0102 0.40
3 4.00 3.975 +0.0157 0.39

SD = Standard Deviation

The described method is simple and fairly reliable for the pharmaceutical
analysis.  As mentioned above, the literature relating to benazepril and
Cilazapril determinations is rather scarce. Therefore, it should facilitate the
analytical investigation of both drugs.
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EDUCATION ANNOUNCEMENT

BASIC PRINCIPLES OF HPLC
AND HPLC SYSTEM TROUBLESHOOTING

A Two-Day
In-House Training Course

The course, which is offered for presentation at corporate laboratories, is
aimed at chemists, engineers and technicians who use, or plan to use, high
performance liquid chromatography in their work. The training covers HPLC
lundamentals and method development, as well as systematic diagnosis and
solution of HPLC hardware module and system problems.

The following topics are covered in depth:
e Introduction to HPLC Theory
» Modes of HPLC Separation
« Developing and Controlling Resolution
» Mobile Phase Selection and Optimization
« lon-Pairing Principles
e Gradient Elution Techniques
« Calibration and Quantitation
* Logical HPLC System Troubleshooting

The instructor, Dr. Jack Cazes, is founder and Editor-in-Chief of the Journal
of Liquid Chromatography & Related Technologies, Editor of Instrumentation
Science & Technology, and Series Editor of the Chromatographic Science Book
Series. He has been intimately involved with liquid chromatography for more
than 35 years; he pioneered the development of modern HPLC technology. Dr.
Cazes was Professor-in-Charge of the ACS Short Course and the ACS Audio
Course on GPC, and has taught at Rutgers University. He is currently Visiting
Scholar at Florida Atlantic University.

Details may be obtained from Dr. Jack Cazes, P. O. Box 970210, Coconut
Creek, FL 33097. Tel.: (954) 570-9446; E-Mail: jcazes@icanect.net.

2143


mailto:jcazes@icanect.net

J. LIQ. CHROM. & REL. TECHNOL., 20(13), 2145-2154 (1997)

LIQUID CHROMATOGRAPHY CALENDAR

1997

AUGUST 2-9: 39th Rocky Mountain Conference on Analytical
Chemistry, Hyatt Regency Denver, Denver, Colorado. Contact: Patricia
Sulik, Rocky Mountain Instrumental Labs. 456 S. Link Lane. Ft. Colleins, CO,
USA. (303) 530-1169; Email: gebrown@usgs.gov.

AUGUST 11-13: 10th International Symposium on Polymer Analysis and
Characterization (ISPAC-10), University of Toronto, Canada. Contact:
Prof. S. T. Balke, Dept, of Chem. Engg & Appl. Chem., Univ. of Toronto,
Toronto, Ont., Canada, M5S 1A4. Tel/FAX: (416) 978-7495; Email:
balke@ecf.toronto.edu.

SEPTEMBER 2-5: 12th International Bioanalytical Forum, Univ. of
Surrey, Guildford, UK, sponsored by the Chromatographic Society (U.K.),
Contact: Dr. E. Reid, 72 The Chase, Guildford GU2 5UL, U.K. Tel/FAX: (0)
1483-565324; Email: D.Stevenson@surrey.ac.uk.

SEPTEMBER 7 - 11: 214th ACS National Meeting, Las Vegas, Nevada.
Contact: ACS Meetings. 1155 16th Street. NW. Washington, DC 20036, USA.

SEPTEMBER 8 - 10: 1997 PrepTech Conference, Hyatt Regency Hotel,
Orlando International Airport, Florida. Contact: S. Galla. ISC Technical
Conferences, Inc., 30 Controls Dr., Box 559, Shelton, CT 06484-0559, USA.
Tel: (203) 926-9300; FAX: (203) 926-9722.

SEPTEMBER 14 - 17: International lon Chromatography Symposium,
Westin Hotel, Santa Clara, California. Contact: Janet Strimaitis, Century'
International. P. O. Box 493, Medfield. MA 02052-0493, USA. Tel: (508)
359-8777; FAX: (508) 359-8778; Email: century@ixl.net.
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SEPTEMBER 14 - 19: ACS Int’l Symposium on Systems Approach to
Service Life Prediction of Organic Coatings, Breckenridge, Colorado.
Contact: J. Martin, NIST, Bldg. 226, Rm B-350, Gaithersburg, MD 20899,
USA. Email: jmartin@nist.gov.

SEPTEMBER 21 - 26: Federation of Analytical Chemistry &
Spectroscopy Societies (FACSS), Cleveland, Ohio. Contact: J. A. Brown,
FACSS, 198 Thomas Johnson Dr. Suite S-2, Frederick, MD 21702, USA. Tel:
(301) 846-4797; FAX: (301)694-6860.

SEPTEMBER 22 - 25: AIChE Conference on Safety in Ammonia Plants &
Related Facilities, Fairmont Hotel, San Francisco, California. Contact:
AIChE. 345 East 47th St.. New York, NY 10017, USA. Tel: 1-800-242-4363.

SEPTEMBER 30 - OCTOBER 2: 53rd Southwest ACS Regional Meeting,
Tulsa, Oklahoma. Contact: F. B. Growcock, Amoco Corp.. E&PT. P. O. Box
3385. Tulsa. OK 74012. USA. Tel:  (918) 660-4224; Email:
fgrowcock@amoco.com.

OCTOBER 5-8: Conference on Formulations & Drug Delivery, La Jolla,
California, sponsored by the ACS Div. of Biochem. Technol. Contact: ACS
Meetings, 1155 16th St, NW. Washington, DC 20036. Tel: (202) 872-6286;
FAX: (202) 872- 6013; Email: miscmtgs@acs.org.

OCTOBER 6 -10: Validation d’une Procedure d’Analyse, Qulification de
I’Appareillage; Application a la Chromatographie Liquide, Montpellier,
France. (Training course given in French) Contact: Prof. H. Fabre, Tel: (33)
04 67 54 45 20; FAX: (33) 04 67 52 89 15; Email: hfabre@pharma.univ-
montpl.fr

OCTOBER 19 - 22: 49th ACS Southeast Regional Meeting, Roanoke,
Virginia. Contact: J. Graybeal, Chem Dept, Virginia Tech. Blacksburg. VA
24061, USA. Tel: (703) 231-8222; Email: reglmtgs@acs.org.

OCTOBER 21 - 23: Sensors Expo: Conference on Exposition of Sensors,
Detroit, Michigan. Contact: Expocon Mgmt. Assoc., 3363 Reef Rd. P. O. Box
915, Fairfield. CT 06430-0915, USA. Tel: (203) 256-4700; Email:
sensors@expo.com.

OCTOBER 21 - 23: Biotechnica Hannover ‘97: Int’l. Trade Fair for
Biotechnology, Hannover, Germany. Contact: D. Hyland. Hannover Fairs
USA, Inc.. 103 Carnegie Center. Princeton, NJ 08540, USA.
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OCTOBER 21 - 24: 152nd Fall Technical Meeting & Rubber Expo’97,
Cleveland, Ohio, sponsored by ACS Div. of Rubber Chem. Contact: ACS
Meetings. 1155 16th St. NW. Washington. DC 20036. Tel: (202) 872-6286.

OCTOBER 21 - 25: 33rd ACS Western Regional Meeting, Irvine,
California. Contact: L. Stemler. 8340 Luxor St. Dovvnev. CA 90241. USA.
Tel: (310) 869-98.38; Email: reglmtgs@acs.org.

OCTOBER 25 - 30: 24th Annual Conference of the Federation of
Analytical Chemistry & Spectroscopy Societies (FACSS), Providence,
Rhode Island. Contact: ACS Div. of Anal. Chem., Tel: (301) 846-4797;
FAX: (301) 694-6860; Internet: http://FACSS.org/info.html.

OCTOBER 26 - 29: ISPPP’97 - 17th International Symposium on the
Separation of Proteins, Peptides, and Polynucleotides, Boubletree Hotel,
Washington, DC. Contact: Janet Cunningham, Barr Enterprises. P. O. Box
279. Walkersville, MD 21793. USA. FAX: (301) 898-5596.

OCTOBER 26 - 29: 8th Symposium on Handling of Environmental &
Biological Samples in Chromatography and the 26th Scientific Meeting of
the Group of Chromatography and Related Techniques of the Spanish
Royal Society of Chemistry, Almeria, Spain. Contact: M. Frei-Hausler.
IAEAC Secretariat, Postfach 46. CH-4123 Allschwill 2, Switzerland. FAX:
41-61-4820805.

OCTOBER 29 - NOVEMBER 1: 32nd ACS Midwest Regional Meeting,
Lake of the Ozarks, Osage Beach, Missouri. Contact: C. Heitsch, Chem
Dept. Univ of Missouri-Rolla, Rolla, MO 65401, USA. Tel: (314) 341-4536;
FAX: (314) 341-6033; Email: reglmtgs@acs.org.

NOVEMBER 2-6: AAPS Annual Meeting & Expo, Boston, Mass.
Contact: AAPS, 1650 King Street, Alexandria. VA 22314-2747. USA. Tel:
(703) 548-3000.

NOVEMBER 2-6: 1ith International Forum on Electrolysis in the
Chemical Industry, Clearwater Beach, Florida. Contact: P. Klyczynski,
Electrosysthesis Co., 72 Ward Rd., Lancaster, NY 14086. USA.

NOVEMBER 6 -8 : 2nd North American Research Conference on
Emulsion Polymers/Polvmer Colloids, Hilton Head Is., SC. Contact: A. V.
Patsis. SUNY New Paltz, Inst, of Mater. Sci., New Paltz. NY 12561. USA.
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NOVEMBER 7-8: 6th Conference on Current Trends in Computational
Chemistry, Jackson, Miss. Contact: J. Leszcynski, Jackson State Univ.,
Chem. Dept.. 1400 J. R. Lynch St., Jackson, MS 39217. USA. Tel: 601) 973-
3482; Email: jersy@iris5.jusms.edu.

NOVEMBER 11-15: 5th Chemical Congress of North America, Cancun,
Mexico. Contact: ACS Meetings, 1155 16th St, NW, Washington, DC 20036-
4899, USA. Tel: (202) 872-6286; FAX: (202) 872-6128.

NOVEMBER 16 - 21: AIChE Annual Meeting, Westin Bonaventure/Omni
Los Angeles, Los Angeles, California. Contact: AIChE, 345 East 47th St.,
New York. NY 10017, USA. Tel: 1-800-242-4363.

NOVEMBER 16 - 21: Eastern Analytical Symposium, Garden State
Convention Center, Somerset, New Jersey. Contact: S. Good, EAS, P. O.
Box 633, Montchanin, DE 19710-0635, USA. Tel: (302) 738-6218.

NOVEMBER 20 - 21: New Horizons in Chemistry Symposium, Los
Angeles. Contact: J. May. Tel: (213) 740-5962; Email: jessy@ methyl.usc.edu.

1998

FEBRUARY 28 - MARCH 1: 28th Annual Spring Prog, in Polymers:
Degradation & Stabilization of Polymers, Hilton Head Is., South Carolina.
Contact: A. V. Patsis, SUNY New Paltz. Inst, of Mater. Sci.. New Paltz, NY
12561. Email: ims@mhv.net.

MARCH 1-6: PittCon ‘98, New Orleans, Louisiana. Contact: PittCon ‘98,
Suite 332, 300 Penn Center Blvd.. Pittsburgh. PA 15235-5503, USA. Tel:
(800) 825-3221; FAX: (412) 825-3224.

MARCH 8 - 12: AIChE Spring National Meeting, Sheraton, New Orleans.
Contact: AIChE. 345 East 47th St.. New York. NY 10017. USA.

MARCH 15 - 18: 14th Rocky Mountain Regional Meeting, Tucson,
Arizona. Contact: R. Pott. Univ of Arizona. Tucson. AZ 85721.

MARCH 23 - 25: 5th Meeting on Supercritical Fluids: Materials and
Natural Products Processing, Nice, France. Contact: F. Brionne,
Secretariat. ISASF. E.N.S.I.C.. 1 rue Grandville. B.P. 451, F-54001 Nancy
Cedex, France. Email: brionnc@cnsic.u-nancy.fr.
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MARCH 29 - APRIL 2: 215th ACS National Meeting, Dallas, Texas.
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036, USA.

MAY 3-8: HPLC’98 - 22nd International Symposium on High
Performance Liquid Phase Separations and Related Techniques, Regal
Waterfront Hotel, St. Louis, Missouri. Contact: Janet Cunningham, Barr
Enterprises, P. O. Box 279, Walkersville, MD 21793, USA. Tel: (301) 898-
3772; FAX: (301) 898-5596; EMail: Janetbarr@aol.com.

MAY 20 - 22: 32nd Middle Atlantic ACS Regional Meeting, Wilmington,
Delaware. Contact: G. Trainor, DuPont Merck, P. O. Box 80353,
Wilmington, DE 19880-0353. Email: reglmtgs@acs.org.

MAY 26 - 29: VHIth International Symposium on Luminescence
Spectrometry in Biomedical and Environmental Analysis:  Detection
Techniques and Applications in Chromatography and Capillary
Electrophoresis, Las Palmas de Gran Canaria (Canary lIslands), Spain.
Contact: Dr. Jose Juan Dantana Rodriguez, University of Las Palmas of G. C.,
Chem. Dept., Faculty of Marine Sci., 35017 Las Palmas de G. C., Spain. Tel:
34 (9) 28 45.29.15 / 45.29.00; FAX: 34 (9) 28 45. 29.22; Email:
josejuan.santana@ quimica.ulpgc.es.

MAY 27 - 29: 30th Central Regional ACS Meeting, Ann Arbor, Michigan.
Contact: D. W. Ewing, J. Carroll Univ., Chem. Dept., Cleveland, OH 44118.
Tel: (216) 397-4241. Email: ewing@ jevaxa.jeu.edu.

JUNE 1-3: 31st Great Lakes Regional ACS Meeting, Milwaukee,
Wisconsin. Contact: A. Hill, Univ. of Wise., Chem. Dept., Milwaukee, WI
53201, USA. Tel: (414) 229-4256; Email: reglmtgs@acs.org.

JUNE 2-5: Third International Symposium on Hormone and Veterinary
Drug Residue Anbalysis, Congres Centre Oud Sint-Jan, Bruges, Belgium.
Contact: C. Van Peteghem, Dept, of Food Analysis, University of Ghent,
Harelbekestraat 72, B-9000 Ghent, Belgium. Tel: (32) 9/264.81.34;

JUNE 10 - 12: 53rd ACS Northwest Regional Meeting, Columbia Basin
College, Pasco, Washington. Contact: K. Grant, Math/Science Div,
Columbia Basin College, 2600 N 20th Ave, Pasco, WA 99301, USA.

JUNE 13 -19: 26th ACS National Medical Chemistry Symposium, Virginia

Commonwealth Univ/Omni Richmond Hotel, Richmond, Virginia. Contact:

D. J. Abraham, Virginia Commonwealth Univ, Dept of Med Chem, P. O. Box
581, Richmond, VA 23298, USA. Tel: (804) 828-8483.
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JULY 12 - 16: SFC/SFE’98: 8th International Symposium & Exhibit on
Supercritical Fluid Chromatography & Extraction, Adams Mark Hotel, St.
Louis, Missouri. Contact: Janet Cunningham, Barr Enterprises, P. O. Box
279, Walkersville, MD 21793, USA. Tel: (301) 898-3772; FAX: (301) 898-
5596; Email: Janetbarr@aol.com.

AUGUST 23 - 28: 216th ACS National Meeting, Boston, Massachusetts.
Contact: ACS Meetings. 1155 16th Street, NW, Washington, DC 20036-
4899, USA. Tel: (202) 872-4396; FAX: (202) 872-6218; Email:
natimtgs@acs.org.

AUGUST 31 - SEPTEMBER 3: AIChE Conference on Safety in Ammonia
Plants & Related Facilities, Charleston Place, Charleston, South Carolina.
Contact: AIChE. 345 East 47th St.,, New York, NY 10017, USA. Tel: 1-800-
242-4363.

SEPTEMBER 7 - 11: 15th International Symposium on Medicinal
Chemistry, Edinburgh, Scotland. Contact: M. Campbell. Bath University
School of Chemistry. Claverton Down, Bath. BA2 7AY. UK. Tel: (44) 1225
826565; FAX: (44) 1225 826231; Email: chsmmc@bath.ac.uk.

SEPTEMBER 13 - 18 22nd International Symposium on
Chromatography, ISC’98, Rome, Italy. Contact: F. Dondi, Chem. Dept.,
Universita di Ferrara, Via L. Borsari, 46, 1-44100 Ferrara, Italy. Tel: 39 (532)
291154; FAX: 39 (532) 240707; Email: mo5@dns.Unife.it.

SEPTEMBER 24 - 26: XIVth Conference on Analytical Chemistry,
sponsored by the Romanian Society of Analytical Chemistry (S.C.A.R.),
Piatra Neamt, Romania. Contact: Dr G. L. Radu. S.C.A.R., Faculty7 of
Chemistry7 University of Bucharest. 13 Blvd. Reepublicii. 70346 Bucharest -
I1l. Romania.

NOVEMBER 4-7: 50th ACS Southwest Regional Meeting, Res. Triangle
Pk, North Carolina. Contact: B. Switzer, Chem Dept, N Carolina State
University. Box 8204, Raleigh. NC 27695-8204, USA. Tel: (919) 775-0800,
ext 944; Email: switzer@chemdept.chem.ncsu.edu.

NOVEMBER 15 - 20: AIChE Annual Meeting, Fontainbleu/Eden Roc,
Miami Beach, Florida. Contact: AIChE, 345 East 47th St., New York. NY
10017, USA. Tel: 1-800-242-4363.
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1999

MARCH 7 - 12: PittCon ‘99, Orlando, Florida. Contact: PittCon '99. Suite
332, 300 Penn Center Blvd., Pittsburgh, PA 15235-5503, USA

MARCH 21 - 25: 217th ACS National Meeting, Anaheim, Calif. Contact:
ACS Meetings. 1155 16th Street, NW, Washington, DC 20036-4899. USA.

AUGUST 22 - 26: 218th ACS National Meeting, New Orleans, Louisiana.
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899,
USA. Tel: (202) 872-4396; FAX: (202) 872-6128; Email: natimtgs@acs.org.

OCTOBER 8 - 13: 51st ACS Southeast Regional Meeting, Knoxville,
Tennessee. Contact: C. Feigerle, Chem Dept, University of Tennessee,
Knoxville, TN 37996, USA. Tel: (615) 974-2129; Email: reglmtgs@acs.org.

2000

MARCH 5 - 10: PittCon 2000, Chicago, Illinois. Contact: PittCon 2000,
Suite 332, 300 Penn Center Blvd., Pittsburgh, PA 15235-5503, USA.

MARCH 26-31: 219th ACS National Meeting, Las Vegas, Nevada.
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-
4899.

JUNE 25 - 30: HPLC’2000 - 24th International Symposium on High
Performance Liquid Phase Separations and Related Techniques, Seattle,
Washington. Contact: Janet Cunningham, Barr Enterprises, P. O. Box
279, Walkersville. MD 21793, USA. Tel: (301) 898-3772; FAX: (301)
898-5596.

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

DECEMBER 14 - 19: 2000 Int’l Chemical Congress of the Pacific Basin
Societies, Honolulu, Hawaii. Contact: ACS Meetings, 1155 16th St., NW,
Washington, DC 20036. USA. Tel: (202) 872-4396; FAX: (202) 872-6128;
Email: pacific@acs.org.
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2001

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

AUGUST 25 -31: 222nd ACS National Meeting, Chicago, lllinois. Contact:
ACS Meetings. 1155 16th Street, NW. Washington. DC 20036-4899.
USA. Tel:  (202) 872-4396; FAX: (202) 872-6128; Email: natlmtgs
@acs.org.

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.

2003

MARCH 23 - 28: 225th ACS National Meeting, New Orleans, Louisiana.
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899.
USA. Tel: (202) 872-4396; FAX: (202) 872-6128; Email: natimtgs@acs.org.

SEPTEMBER 7 - 12: 226th ACS National Meeting, New York City.
Contact: ACS Meetings. 1155 16th Street, NW, Washington, DC 20036-4899,
USA. Tel: (202) 872-4396; FAX: (202) 872-6128; Email: natimtgs@acs.org.

2004

MARCH 28 - APRIL 2: 227th ACS National Meeting, Anaheim,
California. Contact: ACS Meetings, 1155 16th Street. NW. Washington, DC.

AUGUST 22 - 27: 228th ACS National Meeting, Philadelphia,
Pennsylvania. Contact: ACS Meetings, 1155 16th Street, NW, Washington,
DC 20036-4899, USA. Tel: (202) 872-4396; FAX: (202) 872-6128.
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2005

MARCH 13 - 18: 229th ACS National Meeting, San Diego, California.
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899,
USA. Tel: (202) 872-4396; FAX: (202) 872-6128; Email: natimtgs@acs.org.

AUGUST 28 - SEPTEMBER 2: 230th ACS National Meeting,
Washington, DC. Contact: ACS Meetings, 1155 16th Street, NW,
Washington. DC 20036-4899. USA. Tel: (202) 872-4396; FAX: (202) 872-
6128; Email: natimtgs@acs.org.

2006

MARCH 26 - 31: 231st ACS National Meeting, Atlanta, GA. Contact: ACS
Meetings. 1155 16th Street, NW, Washington, DC 20036-4899, USA. Tel:
(202) 872-4396; FAX: (202) 872-6128; Email: natimtgs@acs.org.

SEPTEMBER 10 - 15: 232nd ACS National Meeting, San Francisco,
California. Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC
20036-4899. USA. Tel: (202) 872-4396; FAX: (202) 872-6128; Email:
natimtgs@acs.org.

2007

MARCH 25 - 30: 233rd ACS National Meeting, Chicago, lllinois. Contact:
ACS Meetings. 1155 16th Street. NW. Washington. DC 20036-4899, USA.
Tel: (202) 872-4396; FAX: (202) 872-6128: Email: natimtgs@acs.org.

AUGUST 19 - 24: 234th ACS National Meeting, Boston, Massachusetts.
Contact: ACS Meetings. 1155 16th Street. NW. Washington. DC 20036-4899,
USA. Tel: (202) 872-4396; FAX: (202) 872-6128; Email: natlmtgs
@acs.org.

The Journal of Liquid Chromatography & Related Technologies will
publish, at no charge, announcements of interest to scientists in every issue of
the journal. To be listed in the Liquid Chromatography Calendar, we will need
to know:
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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 & Related Technologies, P. O. Box 970210, Coconut
Creek, FL 33097, USA.



INSTRUCTIONS TO AUTHORS

The Journal ofLiquid Chromatography & Related Technologies iS published
in the English language for the rapid communication of research results in
liquid chromatography and its related sciences and technologies.

Directions for Submission

One complete original manuscript and two (2) clear copies, all with figures,
must be submitted for peer review. After all required revisions have been
completed, and the final manuscript has been accepted, the author will be asked
to provide, if possible, a 3'a" or svfi PC-Compatible computer diskette
containing the complete manuscript. Microsoft Word, Word for Windows,
WordPerfect, WordPerfect for Windows and ASCII are preferred formats. Text,
tables, and figure captions, should be saved in a single file on the diskette;
tables and figure captions should be placed at the end of the text. Label the
diskette with the corresponding author’s last name, the title of the manuscript
and our file number assigned to the manuscript.

Submission of a manuscript on diskette, in a suitable format, will significantly
expedite its publication.

Manuscripts and computer diskettes should be mailed to the Editor:

Dr. Jack Cazes
Journal of Liquid Chromatography & Related Technologies

P. O. Box 970210
Coconut Creek, FL 33097

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 available in quantities of 100 and
multiple! thereof. Twenty' (20) free reprints will be induced with orders of 100

or more reprints.

Format of the Manuscript
NOTE: Failure to adhere to the following guidelines will delay publication.

1 The preferred dimensions of the printed area ofa page are
6" (15.2 cm) width by 8.5” (21.6 cm) height.
Use Times New Roman 12 point font, if possible.



The general organization 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 bold-face capital letters and
centered within the width of the printed area, located 2 inches (5.1 cm) from
the top of the page. This should be followed by 2 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

F. D. Pierce, H. R. Brown

Utah Biomedical Test Laboratory
520 Wakara Way
Salt Lake City, Utah 84108

3. Abstract: The heading ABSTRACT should be typed boldface, capitalized
and centered, 2 lines below the address(es). This should be followed by a
single-spaced, concise abstract. Allow 2 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
EXPERIMENTAL
RESULTS

DISCUSSION
ACKNOWLEDGMENTS

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
boldface, in capital letters, centered.



Secondary headings, if any, should be in boldface, placed flush with the left
margin, 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 line of each paragraph within the body of the text should be
indented a third of an inch.

6. Acknowledgments, 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 middle names); do not use et al. for a list of authors. Abbreviations of
journal titles will follow the American Chemical Society's Chemical Abstracts

List of Periodicals. The word REFERENCES, in boldface type, 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. J. Kirkland, Introduction to Modern Liquid Chromato-
graphy, John Wiley & Sons, Inc., New York, 1979.

Chapter in a Book:

1 C. T. Mant, R. S. Hodges, "HPLC of Peptides," in HPLC of Biological
Macromolecules, K. M. Gooding, 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. Hand-drawn
characters are not acceptable.

10. Material 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 s ‘A x 11 inches (21.6 cm x 27.9 cm). International
paper, size A4, is also acceptable. The typing area of the first page, including
the title and authors, should be 6 (15.2 cm) wide by 8.5” (21.6 cm) height.

2. All text, except the abstract, should be typed vA or double-spaced.

3. It 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 separate from the text, at the end of thye manuscript.
A table may not be longer than one page. Ifa table is larger than one page, it
should be divided into more than one table. The word Table (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 printed or professionally drawn
with black India ink on separate sheets of white paper, and should be placed at
the end of the text. They should not be inserted into 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 s'A inches by 11 inches (21.6 cm X
27.9 cm). Photographs should be professionally prepared, black and white,
glossy prints. All labels and legends in figures should be large enough to
remain legible when figures are reduced to fit the journal’s pages. They should
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. Figure numbers, name of senior
author and an arrow indicating "top" should be written in light blue pencil on
the back of each 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.

Manuscripts which require correction of English usage will be returned to the
author for major revision.




Achieve accurate and precise
quantitative analysis with...

Generously illustrated with 160 richly detailed diagrams
that clarify the construction of the detectors, facilitating

understanding of their performance and function!

hromatographic
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D esign,

Function,

and O peration

(Chromatographic Science Series/73)

RAYMOND P. W. SCOTT

Georgetown University, Washington, D.C., and
Birbeck College. UniversityofLondon, United Kingdom

July, 1996 / 536 pages, illustrated / $150.00

Wrritten by a seasoned chromatographer with more than
40 years’experience in the field, this reference compre-
hensively covers the design, construction, and operation
ofgas chromatography (GC), liquid chromatography
(LC), and thin-layer chromatography (TLC) detectors—
allin one convenient, up-to-date source.

Emphasizing the essential use ofcommon specifica-
tions to describe all detectors, allowing easy compari-
son of their attributes, this practical guide
m discusses the properties of chromatography
detectors and the best way to measure their
efficacy

reviews factors that impair the column resolution
before solutes reach the detector

m describes and explains the relatives merits of the
more popular detectors, including the most
recent commercially available models as well as
lesser-known devices

explores the exclusive number of TLC detectors
available, including automatic scanning devices

surveys those chromatograph/spectrometer
tandem systems that have been satisfactorily
developed and details their interfacing, function,
and areas of application

m and more!

Chromatographic Detectors serves as an important
on-the-job tool for chromatographers; analytical,
physical, pharmaceutical, oil, petroleum, clinical,
forensic, environmental, and synthetic chemists and
biochemists; biotechnologists; and upper-level
undergraduate, graduate, and continuing-education
students in these disciplines.

Marcel Dekker, Inc,
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An Introduction to Chromatography Detectors
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Data Acquisition and Processing

Gas Chromatography Detectors

Gas Chromatography Detectors: Their Evolution and
General Properties

The Flame lonization Detector and Its Extensions
The Argon lonization Family of Detectors

The Katherometer and Some of the Less Well-Known
Detectors

Liquid Chromatography Detectors
Introduction to LC Detectors

The Fluorescence and Other Light Processing
Detectors

The Electrical Conductivity Detector and the Electro-
chemical Detector

The Refractive Index Detector and Associated
Detectors

Multifunctional Detectors and Transport Detectors
Chiral Detectors

The Radioactivity Detector and Some Lesser-Known
Detectors

Detection in Thin-Layer Chromatography

General Detector Techniques
Spectroscopic Detectors and Tandem Systems
Practical Detector Techniques

Quantitative Analysis

Appendixes
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This book is printed on acid-free paper

270 Madison Avenue, New York, NY 10016 « (212) 696-9000
Hutgasse4,Postfach812,CH-4001 Basel,Switzerland »Tel. 061-261-8482



Take advantage ofthe latest theoretical and applied research developments in thefield with...

Advances In Chromatography

VOLUME ~

edited by
PHYLLIS R. BROWN, University o fRhode Island, Kingston
ELI GRUSHKA, Hebrew University o fferusalem, Israel

Decenrboer, 1996/ 544 pages, illustrated / $195.00

Reviewerpraiseforprevious editions...
m. ..reflects the high standards expected from this respected series.”
— Clinical Chemistry
. the articles [are] of high scientific standard, up to date, very
well written, and interesting to read...well presented and edited.”
—Journal o f Chromatography
m.. .a valuable contribution to the chromatography literature...
belongs in every library used by chromatographers.”
—Liquid Chromatography
* .. .maintains the high quality that chromatographers have come to

expect from this invaluable series.”
—Journal ofPharmaceutical Sciences

The rapidly expanding growth of the literature on chromatography, cap-
illary electrophoresis, field flow fractionation, and other separation tech-
niques makes it difficult for any individual to maintain a coherent view
of progress in the field. Rather than attempt to read the avalanche of
original 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 developments
in separations, this critically praised series separates the most impor-
tant advances from an overabundance of supplementary materials.

internationally acclaimed experts analyze the most
currentinnovations in their areas ofspecialization!

Providing more than 850 bibliographic citations, allowing for further,
in-depth study of recent trends in research, Volume 37 examines
timely subjects such as
m single and multichannel techniques for the assessment of peak purity
m technological and methodological innovations in steady-state
and dynamic-state fluorescence detection
structure, performance, retention mechanisms, and applications
of carbon-based packing materials for liquid chromatography
instrumentation and applications of supercritical fluid extrac-
tion/gas chromatography
m the use of conventional solid-phase extraction and solid-phase
microextraction for gas chromatography sample preparation
analytical techniques and clinical applications in the capillary
electrophoresis of proteins
chiral separations in capillary electrophoresis with chiral
micelle polymers
m peptide analysis techniques employing both high-performance
liquid chromatography and capillary electrophoresis
and more!

Advances in Chromatography is an indispensable resource for all
researchers who need to use separation methods effectively— especially
analytical, organic, inorgaric, clinical, and physical chemists; chro-
matographers; biotechnologists; biochemists and biological chemists;
agrochemists; chemical, materials, pollution, and quality control engi-
neers; toxicologists; pharmacologists; pharmacists; physiologists; zoolo-
gists; botanists; food, cosmetic, polymer, pharmaceutical, and environ-
mental scientists; microbiologists; virologists; oceanographers;
research and quality control scientists in industry, scientists in govern-
ment hospitals and industrial plants; and upper-level undergraduate
and graduate students in all scientific disciplines.
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MuhammadA Sharaf
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Also in the same series. ..
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atitedby PHYLLIS R. BROWN ands ELI GRUSHKA
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464 pages, illustrated / $175.00 |

Volume 36 allows for further, in-dcpth study of recent trends in
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