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MICELLAR LIQUID CHROMATOGRAPHY
WITH HYBRID ELUENTS

M. L. MARINA* AND M. A. GARCIA

Departamento de Quimica Analitica
Facultad de Ciencias
Universidad de Alcald de Henares
28871 Alcald de Henares, Madrid, Spain

ABSTRACT

The characteristics of Micellar Liquid Chromatography with hybrid
eluents are described. The influence of the addition of an organic modifier
to the mobile phase on the retention, eluent strength, efficiency and
selectivity is discussed. The application of MLC with hybrid eluents for
predicting solutes hydrophobicity is studied.

. INTRODUCTION

The combination of hydrophobic and hydrophilic properties in the
molecules of surfactants confers to micellar systems some special
characteristics in aqueous solution and this has made these systems
applicable in different areas (1-8). The ability of miceliar systems to
solubilize hydrophobic compounds in aqueous solution (9) or improve
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958 MARINA AND GARCIA

different analytical methodologies (7,10) should be emphasized. The use
of surfactant solutions above their critical micellar concentration or c.m.c.
as mobile phases in Reversed Phase High Performance Liquid
Chromatography (RPLC) originates Micellar Liquid Chromatography (MLC)
which is an interesting alternative to the use of hydro-organic mobile
phases in chromatography (11-13).

The great number of interactions that are possible in the separations
by MLC techniques, as electrostatic, hydrophobic and esteric (14-16) and
the modification of the stationary phase by adsorption of monomeric
surfactants (17,18) make these systems more complicated than
conventional RPLC with hydro-organic mobile phases. In fact in MLC, three
different equilibria can be considered (19): the distribution equilibrium of
the solute (1) between the micellar mobile phase and the aqueous mobile
phase, (2) between the micellar mobile phase and the stationary phase and
(8) between the stationary phase and the aqueous mobile phase. From
these equilibria, different equations have been developed to describe the
chromatographic behavior of eluted solutes (19-21). These equations have
allowed the determination of the solute-micelle association constants of
several solutes with different micellar systems (15,19,20,22-27). This
method can be applied to a great variety of solutes without the limitations
or pre-requisites needed when other methods are employed (28).

MLC techniques also present other advantages such as: a) micellar
mobile phases have low cost and low toxicity as compared with hydro-
organic mobile phases since they are mainly composed of water (11,19).
b) ltis possible to separate ionic and nonionic solutes due to some special
characteristics of micelles (11). ¢) Luminiscence detection can be improved
in MLC because many solutes show enhanced fluorescence (10,29-33)
and in some cases, room temperature liquid phosphorescence (29,33,34)
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when associated with micelles. Furthermore, many metal-dye complexes
show increased absorbance in the presence of micelles (10,35). d) It is
possible to inject biological fluids directly into the chromatographic system
because of the solubilization of the proteins by anionic surfactants as
sodium dodecylsulphate (SDS) or nonionic surfactants such as
polioxietilen[23]dodecanol (Brij-35) (36-44). e) Rapid elution gradients can
be achieved in MLC because micellar gradients do not require
reequilibration time (45). This is due to the amount of surfactant adsorbed
on the stationary phase which remains practically constant after the
equilibrium is reached and the surfactant concentration in mobile phase is
above the c.m.c. (46-48). f) The control of separation selectivity is exerted
through a great number of parameters such as nature (type and charge)
and concentration of the surfactant in the mobile phase, the presence of
additives as organic madifiers and salts and the pH (16,23,49-52). g) The
correlation between chromatographic retention of several organic
compounds in MLC and their logarithm of octanol-water partition coefficient
(53,54) or their bioactivity (55) has been shown so this technique can be
considered interesting in the evaluation of solute hydrophobicity.

An important drawback of MLC techniques is the decrease in
chromatographic efficiency (56) as compared to that obtained in
conventional RPLC with hydro-organic mobile phases. This efficiency loss
can be precluded by adding an organic modifier to the mobile phase and
increasing the working temperature.

Because the addition of alcohols to micellar mobile phases can
increase the efficiency and selectivity (67) and reduce the analysis time, the
use of micellar mobile phases modified by organic modifiers has acquired
importance in last years. The term hybrid is used for the ternary eluents of
water-organic solvent-micelles throughout the text.
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Some of the most significant features of MLC technigues with hybrid
eluents and their applications are described in this work.

Il. EFFICIENCY

One of the main drawbacks of MLC techniques is the loss obssrved
in the chromatographic efficiency as compared with that obtained in RPLC
with hydro-organic mobile phases. This efficiency loss is attributed to the
increase In the resistence of mass transfer of the solute from the mobile
phase to the stationary phase (58).

However, the addition of small quantities of organic modifier to the
mobile phase (3% propanol) and the increase in working temperature
(40°C) have shown to allow the obtainment of efficiencies similar to those
obtained in RPLC with hydro-organic mobile phases (59,60). Other authors
suggest working with low flow rates, high work temperatures, and low
surfactant concentration in mobile phase (58). In fact, it has been shown
that the use of an elevated surfactant concentration in mobile phase can
cause a chromatographic efficiency loss (61).

Surfactant adsorption on the stationary phase seems to have a great
influence on the efficiency (62-65). The addition of a short or medium chain
alcohol causes surfactant desorption out of the stationary phase and
improves efficiency (66). This effect increases with increasing concentration
and hydrophobicity of the modifier (27,57,64).

Alcohols may also improve the efficiency obtained in MLC with
micelles of ionic surfactants because their presence can reduce the net
electrical charge density of the ionic micellar surface decreasing the
repulsive barrier (61). In fact, the addition of alkanes does not affect the
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surface charge density and does not improve the efficiency obtained for
very hydrophobic solutes. This explains why an efficiency enhancement is
not observed with alcohols for nonionic surfactants as Brij-35 that are not
charged. In fact, the efficiency observed for very hydrophobic solutes with
a Brij-35 micellar mobile phase was better than that obtained with ionic
micelles.

11l. INFLUENCE OF MICELLE CONCENTRATION ON RETENTION

As previously stated, three different equilibria can be considered in
MLC: the distribution of the solute between the micelle and bulk water, with
the corresponding P,,, partition coefficient; the partitioning of the solute
between the stationary phase and the micelle, with P, as partition
coefficient, and the distribution of the solute between the stationary phase
and water, with Py, as partition coefficient.

According to these equilibria, several equations have been
developed relating chromatographic retention in MLC and micelle
concentration in mobile phase. Armstrong and Nome (19) reported the
following equation:

V/(V. V) = {V(Py - 1)/Psy} Cu + 1/Pgy (1]

where V,, V., and V,, are the stationary phase volume, elution volume of the
solute and the void volume of the column, respectively; v is the molar
volume of the surfactant and C,, is the micellized surfactant concentration
in the mobile phase (C, = C - cm.c.,, C being the total surfactant
concentration in solution). A plot of V./(V, - V) vs Cy is linear and the term
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v(P,w -1) can be obtained from the slope: intercept ratio. Since from the
Berezin treatment (67), v(P -1) is equal to the solute-micelle association
constant, this parameter can be obtained from this treatment and also the
partition coefficient of solute between bulk water and micelle, P, if the
surfactant molar volume,v, is known.

Arunyanart and Cline-Love (20) have derived a similar equation that
correlates the capacity factor, k', to micellized surfactant concentration, C,,,
in the form:

1/K = {K/® [L]K} Cy + 1/@ [LIK, [2]

where K, is the solute-micelle association constant, @ is the phase ratio
(the ratio of the stationary phase volume, V,, to the volume of the mobile
phase, V,, in the column), [L,] is the stationary phase concentration, and
K, is the binding constant for the solute between the bulk solvent and the
stationary phase. Again, a plot of 1/k’ vs C,, should result in a straight line
and the value of the solute-micelle binding constant K,, can be obtained
from the slope: intercept ratio.

The solute micelle association constant obtained in this way is called
the association constant per monomer. If this constant is multiplied by the
aggregation number of the micelle, the association constant per micelle is
obtained. Likewise, the P, and K, values only depend on the solute and
the micellar system employed but not on the stationary phase (15).

Equations [1] and [2] show how the retention of a solute in MLC
decreases when micelle concentration in mobile phase increases. This is
in contrast to reversed-phase ion-interaction chromatography where the
surfactant concentration is below the c.m.c., that is, no micelles exist, and
the addition of an ionic surfactant will increase retention for compounds
which interact electrostatically with it (23).
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Equations [1] and [2] have frequently been employed with the aim
of determining solute-micelle association constants in purely micellar
systems (15,19,20,22-27). However, its validity for hybrid eluents has been
shown (15,27,68). This has allowed the determination of the solute-micelle
association constants in micellar media modified by alcohols. The addition
of an organic modifier to a micellar solution can modify the characteristics
of the micellar system (c.m.c. and the aggregation number) and this can
originate a variation of the solute-micelle interactions (69-71) which, in turn,
can change the chromatographic retention.

On the other hand, the error obtained during the determination of
K, increases with solute hydrophobicity since P, values for these
compounds are elevated (intercept very small, see equation [1]). With
hybrid eluents, the value of P, decreases and the error in the
determination of the solute-micelle association constants for very
hydrophobic compounds aiso decreases (the intercept in equation [1]
increases).

Although the validity of equations [1] and [2] has been shown for
octylsilica and octadecylsilica stationary phases, cyano bonded columns
have also been employed. In these columns, the retention for hydrophobic
compounds considerably decreases especially when anionic surfactants
as sodium dodecylsulphate (SDS) are used. This has allowed the
determination of the solute-micelle association constants with similar or
lower errors than those obtained for octadecylsilica columns but in
considerably less time (72).

Solute-micelie interactions generally decrease in media modified by
alcohols. In fact, solute-micelle association constants for a group of
benzene and naphthalene derivatives with SDS and
hexadecyltrimethylammonium bromide (CTAB) are greater in purely
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micellar media than in solutions modified by a 5% or 10% n-butanol (68).
This result has been attributed to the existence of a competing effect
between the solute and the alcohol to interact with the micelle. However,
the addition of a salt as NaCl can increase the interactions between the
above-mentioned solute and SDS micelles. This is shown by obtaining of
similar or higher association constants in the NaCl modified solution than
in a purely micellar medium (68).

IV. INFLUENCE OF THE ORGANIC MODIFIER PERCENTAGE ON
RETENTION

Khaledy et al. (67) proposed the following equation to relate solute
retention (Ink’) in MLC and volume fraction of organic modifier (®,,):

Ink’ = -§,, ®., + Ink’, [3]

where S, is the solvent strength parameter and Ink’, is the retention of the
solute in a purely micellar mobile phase.

This equation is simillar to that used to describe the retention
variation with fraction volume of modifier in RPLC where Ink’ linearly varies
with @ over a limited range. The slope of this straight line is called soivent
strength parameter, S, and is generally proportional to the retention and
molecular weight of the solute (73,74).

Equation [3] shows how solute retention in MLC decreases when
®,, increases. However, in the same article where equation [3] is
proposed, it was observed that the variation of Ink’ with @, for some
amino acids and alkylbenzenes in SDS and CTAB mobile phases was not
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linear. In other articles, a deviation from linearity was also observed as is
the case of a group of benzene and naphthalene derivatives in a MLC
system with SDS - n-butanol mobile phases (75). For other groups of
solutes, the linear variation of Ink’ with &, was only found when methanol
was used as organic modifier (76).

Recently, Torres-Lapasi6 et al. (76) have proposed a new model to
describe the variation of solute retention in MLC with @,,. In this model,
retention can be expressed by the following equation:

1/k = Ap + B® + Cpd® + D [4]

where p and & are the surfactant and alcohol concentrations in mobile
phase, respectively. The validity of this model has been shown for several
solutes as catecholamines, amino acids, peptides, and other aromatic
compounds with organic modifiers different from methanol! (76).

Equation [4] shows that for a constant surfactant concentration in
mobile phase, the term 1/k’ should linearly vary with @

1/k = (Ap + D) + (B + Cp) @ [5]
On other hand, in purely micellar mobile phases (¢ = 0):

1/k = Ap + D 6]

and an equation similar to that obtained by Arunyanart and Cline-Love

(equation [2]) is obtained.

More work is required for different solutes, different surfactants, and
different organic modifiers to show the validity range of equations [3] and

[4].
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V. SOLVENT STRENGTH OF HYBRID MICELLAR ELUENTS

In MLC, purely micellar eluents can have a quite small eluent
strength (57). Eluent strength of purely micellar eluents increases when
micelle concentration in mobile phase also increases (57). However, an
increase in micelle concentration in mobile phase generally causes an
efficiency loss.

For these reasons, the addition of organic modifiers to micellar
mobile phases is of great interest: it is possible to increase both eluent
strength and efficiency.

Solvent strength (S,,,) in MLC with hybrid eluents has been defined
as the slope of straigth line resulting from the variation of Ink’ as a function
of ®,.. The value for S,, has been calculated for fourteen alkylbenzenes in
micellar phases of CTAB modified by methanol (MeOH), 2-propanol (PrOH)
and butanol (BuOH) (57). S, values can be ranked as Sg.on > Spon > Sueon
which is similar to conventional hydro-organic systems as BUOH is the
strongest solvent and MeOH is the weakest. The larger S,,,, for BUOH and
PrOH indicate that these solvents interact more with micelles and,
consequently, can solvate more effectively and/or can better compete with
micelles for solute interactions. However, all values obtained for S, , for the
group of compounds studied are still smaller than for those in absence of
micelles, as S, for BUOH is even smaller than S values for MeOH in
conventional hydro-organic eluents.

Another consideration which also demonstrates the impact of
micelles is the fact that the ranking of S,,, for different solutes is different
for MeOH, PrOH and BuOH. On the contrary, in conventional hydro-
organic systems the same ranking of S values can be anticipated for
different solutes. This is because in MLC, solvents interact differently with
micelles ahd, therefore, their own microenvironment in micelles is different.
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Since S values reflect the extent of solvation of solutes by organic
solvents, the location of solutes and/or organic solvents in micelles can
greatly influence the sensitivity of retention to changes in the concentration
of organic solvent. In a conventional hydro-organic system, S significantly
varies with solute molecular weight and functional groups. As an exampie,
anthracene has a large S value and its retention in conventional RPLC with
hydro-organic mobile phases (methanol-water) is more sensitive to
variations in the concentration of organic solvent than other compounds
with a minor S value. However, in the presence of CTAB micelles, the S,,,
value for anthracene in methanol is small and, therefore, its retention is
less affected by the addition of organic solvents. This is because this
compound strongly interacts with micelles and is less accessible to a polar
solvent such as methanol. However, the relationship between S, and
solutes’ structural properties cannot be easily recognized and it cannot be
concluded that S, is inversely related to hydrophobicity of solute (57).

VI. SELECTIVITY

Solute retention in MLC generally decreases when micelle
concentration increases, as indicated in section Ill. The rate of change in
retention of different solutes varies with charge and hydrophobicity of
solutes as well as the length of alkyl chain, charge, and concentration of
micelles (77). This fact causes inversions of elution order that are the result
of two competing equilibria: solute-micelle association characterized by K,
and solute-stationary phase interaction characterized by Pg,. The
parameters K, and Py, have a different effect on retention. When Pg,
increases, retention also increases but when K, increases, retention
decreases. When the surfactant concentration in mobile phase increases,
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the effect that K, has on retention also increases and reversals in elution
order can be obtained if the difference in K, values for two solutes is quite
different (23). Therefore, separation selectivity in MLC can be controlled by
modifying surfactant nature and concentration. Furthermore, when organic
modifiers are added to the mobile phase, the solvent strength parameter
S, for a group of compounds does not have the same ranking for
different alcohols due to the different interaction of these modifiers with
micelles. For these reasons, MLC techniques are very interesting for
chromatographic separation.

Although the conditions to optimize separation selectivity in MLC can
vary with solutes’ nature, several works show an increase in separation
selectivity for aromatic compounds in MLC with hybrid eluents when the
micelle concentration in the mobile phase decreases (57,75,77). However,
for a group of amino acids and peptides, an increase in micelle
concentration can cause an increase or decrease in selectivity (57).

The effect of the organic modifier content in mobile phase seems to
be clearer. Generally, separation selectivity in MLC is improved in the
presence of an organic modifier and increases with the volume fraction of
the modifier in mobile phase (57,75,77). This result is opposed to that
observed in conventional RPLC with hydro-organic mobile phases in which
an increase in organic modifier content causes a decrease in solute
retention and selectivity. Recently, a comparative study on the influence of
organic modifier content and surfactant concentration on solvent strength
and selectivity in lon Pair Chromatography and in MLC has been
completed (78). The selectivity enhancement observed in MLC when the
solvent strength increases has been attributed to the competing partitioning
equilibria in micellar systems and/or to the unique characteristics of
micelles to compartmentalize solutes and organic solvents (57).
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Although separation selectivity is generally improved when the
volume fraction of organic modifier is increased, for some amino acids and
peptides selectivity can decrease with the content of 2-propanol of a SDS
micellar mobile phase (77). In this case, it has been shown that for pairs
of peaks whose selectivities were reduced with increasing 2-propanol
concentration, a selectivity enhancement was observed as a result of
increasing micelle concentration and vice versa. These observations
suggest that solvent strength increases with concentrations of both micelle
and organic solvent, the effect of these two parameters on selectivity could
be quite different, even opposite. Micelles and 2-propanol compete to
interact with solutes and, as a result, they influence the role of one another
in controlling retention and selectivity.

As a consequence of these results, a model has been developed
which explains the dependence of the solvation ability of organic solvents
in MLC (represented by solvent strength parameter, S, of solutes) and
the degree of solute interactions with micelles. Whenever the difference in
solvent strength parameter values of two solutes in micellar eluents, dS,,,,
was positive, maximum selectivity was observed at the weakest eluent
strength. When dS,, was negative, an inverse relationship between
retention and solvent strength parameter exists so that selectivity increases
with volume fraction of organic solvent in micellar eluents (77).

The mutual effects of micelles and organic modifiers on one another
would also require a simultaneous optimization of these two parameters.
Like in the study of the separation selectivity of 15 benzene and
naphthalene derivatives in MLC with SDS and CTAB mobile phases
modified by methanol, n-propanol, and n-butanol, it was found that
selectivity was better in SDS than in CTAB and that it increases when
surfactant concentration in mobile phase decreased. Regarding organic
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modifier content, selectivity was better in the presence of n-propanol or n-
butanol at medium percentages, but the latter had the advantage of
decreasing analysis time with respect to n-propanol (75). Obtaining
maximum selectivities at medium alcohol percentages can be justified by
the existence of pairs of compounds whose selectivity increases when
eluent strength decreases.

VII. QUANTITATIVE STRUCTURE-ACTIVITY RELATIONSHIPS (QSAR)

Another interesting possibility of MLC techniques is their application
to the quantitation of physicochemical properties of biologically active
compounds in QSAR studies, specifically for the prediction of
hydrophobicity.

Hydrophobicity is commonly understood as a measure of the
relative tendency of a solute to prefer a nonaqueous rather than an
aqueous environment. Biological activity of many compounds,
bioaccumulation of organic polutants, and soil sorption of environmental
contaminants have all been correlated to the lipophilic character of
molecules (13). The quantitation of hydrophobicity has both diagnostic and
predictive value in various disciplines such as drug design, toxicology, and
environmental monitoring (79-82). When comparing behavior of various
solutes in the same environment, a quantitative scale can be used to
demonstrate the abilities of individual solutes to participate in hydrophobic
interactions. Octanol-water partitioning is a common reference system that
provides the most recognized hydrophaobicity measure: the logarithm of the
partition coefficient, log P,, (83). The standard "shake-flask" method for
determining partition coefficients in liquid-liquid systems has several serious



MLC WITH HYBRID ELUENTS 971

disadvantages (84). Despite numerous efforts using a variety of methods,
the measurement of P, is still difficult. In 1977 publications began to
appear on what is now termed quantitative structure-retention relationships
(QSRRs) (84). QSRRs result from applying the methodology used for
quantitative structure-biological activity relationships (QSARs) (83) to the
analysis of chromatographic data.

Following the first reports on reversed-phase TLC and HPLC
methods of hydrophobicity parameterization, hundreds of reports on the
application of chromatographically derived hydrophobicity descriptors in
medicinal, agricuitural, and environmental chemistry have appeared (84).
In reversed-phase HPLC with hydro-organic mobile phases, a
representative  relationship has been obtained between the
chromatographic measure of hydrophobicity (logk’) determined on a
deactivated phase for a noncongeneric series of nonionized basic, acidic,
and neutral solutes, as well as their log P,,, values. Thus the advantages of
the log P, hydrophobicity scale -its universality and continuity- are
challenged by a more convenient, reproducible, fast, and inexpensive
chromatographic approach. A systematic study could produce a large
chromatographic hydrophobicity database similar to the one collected
laboriously for log P,,, (85).

Another chromatographic approach used to evaluate octanol-water
partition coefficients is countercurrent chromatography (CCC) with an
octanol-water biphasic solvent system (86,87). The mobile phase is water
saturated with octanol, and the stationary phase is octanol saturated with
water. The measurable P,, range was 0.003 to 300. A liquid stationary
octanol phase permits the development of a dual-mode elution method
using CCC which extends the measurable P, range to 5000. The co-
current CCC method was developed to extend the range to P, = 20.000.
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In co-current CCC, both the water and the octanol phase move in the
same direction at different rates.

However, the use of a bulk solvent such as octanol as a model for
complex systems such as biomembranes has been occasionally criticized.
On the other hand, micelles have long been known as simple chemical
models for biomembranes (54). Several workers have demostrated that the
solubilization (or partitioning of solutes in micelles) closely resembles that
of lipid bilayers and that both of these are different from the two-phase
octanol-water system (88-91). Both micelles and biomembranes have
amphiphilic properties and are anisotropic media. Molecular size and
shape are significant factors in the partitioning of solutes in anisotropic
environments while they are not determinant for the partition process in an
isotropic solvent such as 1-octanol (92). These reports provide interesting
examples confirming the suitability of micelles for representing
biomembranes as far as hydrophobic interactions are concerned (54). A
shake flask method has been presented for the determination of the
partition coefficients involved in the distribution of polar solutes between
octanol and aqueous micellar solutions (93).

Several studies have appeared in literature in which the correlation
between retention in MLC and octanol-water partition coefficient or carbon
number is studied. These works can be divided in two groups. In a first
group are the studies in which a linear relationship is found between the
logarithm of the capacity factor (logk’) of compounds and log P, or
number of carbom atoms (n,) in the molecule. Like, a linear correlation
logk’ = f(log P,,) has been found for a group of monosubstituted benzenes
with mobile phases of sodium dodecylsulphate (SDS),
hexadecyltrimethylammonium bromide (CTAB), and
polyoxyethylene(23)dodecanol (Brij-35) (63). The same correlation has
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been obtained for a group of phenols and other group of monosubstituted
benzenes with mobile phases of SDS and CTAB that can be modified by
alcohols (94), and for a series of aromatic polycyclic hydrocarbons with
mobile phases of SDS, CTAB and polyoxyethylene(23)lauryl ether (Brij-35)
(95). Also, this first group can include works in which a linear relationship
is found for the variation of log P,,, with the logarithm of the solute-micelle
association constants (logK,) (94,96) or in which a linear variation is found
for the transfer free energies from water to micelle as a function of the
transfer free energy from octanol to water (97,22,68).

The second group includes studies in which a linear relationship
between capacity factors (k') (and not logk’) and log P, or n.. For
example, a linear relation has been found for k’-n, in the case of groups of
n-alkylbenzenes and n-alkylphenones with purely or hybrid SDS and CTAB
mobile phases (27) and for a series of alkylbenzenes with mobile phases
of SDS and Brij-35 (98). In the same way, a linear relationship has been
found between k' and log P, for sixteen aromatic compounds in purely
and hybrid SDS and CTAB mobile phases (54) and between k' and the
bioactivity of 26 para-substituted phenols with tetradecylitrimethylammonium
bromide (55). In this case, the addition of 10% 2-propanol to the micellar
system (hybrid system) proved the best chromatographic system for the
best estimation of the phenols bioactivity.

Regarding the nonlinearity observed for the variation of logk’ as a
function of carbon atoms (n,), an equation has been derived recently which
explains this apparently anomalous result (99). The equation is simply
based on partitioning between moving and stationary phases. Experimental
results on a variety of systems have displayed the nonlinearity seen
previously. These data are adequately fit by the equation.

In summary, MLC appears as an interesting alternative to evaluate
log P, and bioactivity of organic compounds, especially for hybrid
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systems, utilized to extract the systematic information from diversified yet
often highly intercorrelated sets of data, modern multivariate chemometric
methods of data analysis must be used (84).
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Abstract

Phospholipid classes in human amniotic fluid, whose gquantitative determination

plays an important role in obstetrics for diagnosing lung maturity in the fetus, are

separated through normal phase chromatography by HPLC. In this study an already

known chromatographic system is described with which not only the phospholipids,

but also phosphatidylcholine partly after being combined with both its fatty acid

residues, is separated. This separation implies the fatty acid residues which are of

greatest interest 1o the obstetrician. A mass or evaporative light-scattering detector

was used for the detection.
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Introduction

The determination of surface active phospholipids in amniotic fluid is of great
importance in obstetrics for diagnosing lung maturity in the fetus. A number of
guantitative or semiquantitative methods of determination exist today [1]. Tests
which measure the physical (surface) properties of lung surfactant, tests which
measure the chemical components of amniotic fluid (AF) or tests which provide an
index of fetal maturity and thus an approximation of fetal lung maturity are used in
clinical routine. In the "chemical” methods three phospholipids in particular are

measured - phosphatidyicholine or lecithin, sphingomyelin and phosphatidyiglycerol.

The most versatile method of determination is chromatography [2,3], in par-
ticular HPLC which can quantitatively detect up to 11 classes of phospholipids in one
analysis. This is achieved exclusively with normal phase chromatography either in sil-
ica gel columns [4] or in chemically modified silica gel, particularly the diol phase [5].
The individual phospholipids, like for example lecithin, are not chemically homo-
genous substances but are in fact a mixture of an homogenous basic frame with one
or two fatty acid residues which can vary according to the method of production [6].
A large number of saturated and unsaturated fatty acids are attached to the lipids;
however their surface active effect can be very different. Using reversed phase
chromatography in ODS phases these individual lipid classes can be separated
according to the single fatty acid residue and/or combinations [2,3]. In the case of
lecithin the chromatogram can sometimes show more than 20 peaks [7].

In this study a HPLC separation system is described that separates not only
the phospholipid classes but alsc the major molecular species of lecithin from each
other in one chromatography run. It concerns normal phase chromatography with
chemically non-modified silica gel. Detection is achieved using a mass or evaporative

light-scattering detector.

Materials

hemi

The phosphaolipid standards, phosphatidylglycerol (PG, ammonium salt, from
egg volk lecithin), diphosphatidyiglycerot (DPG, cardiolipin, sodium salt, from bovine
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heart), phosphatidylinositol (Pl, ammonium salt, Sigma: from soybean and Fluka:
from bovine liver), phosphatidylserine (PS, from bovine brain), phosphatidylethanol-
amine (PE, from egg yolk), phosphatidylmonomethylethanolamine (PMME), phospha-
tidyldimethylethanolamine (PDME), lysophosphatidylethanolamin {LPE, from egg
yolk), phosphatidylcholin {PC, lecithin, from frozen egg), didecanoyl- {DD-PC),
dilauroyi- (DLa-PC, dihydrate), dimyristoyl- (DM-PC, monohydrate), dipalmitoyl- (DP-
PC), distearoyl- (DS-PC), dioleoyl- (DO-PC), 2-oleoyl-1-palmitoyl- (OP-PC), 2-linoleoyl-
1-palmitoyl-lecithin {LiP-PC), lysolecithin (LL, from soybeans}, sphingomyelin (SP,
from bovine brain), N-palmitoyl- (P-SP, from bovine brain) and N-stearoylsphingo-
myelin (S-SP, from bovine brain) stem from the firm Sigma, Deisenhofen/FRG, and
also from Fluka, Neu-Uim/FRG. Most of the substances are delivered in the form of

solutions in the solvents chloroform, methanol or a mixture of chloroform-methanol.

The solvents used - chloroform, methanol, n-hexane and 2-propanol (all of
grade pro analysi) - are obtained from the Merck Company, Darmstadt/ FRG, and the
water "Chromasolv" from Riedel de Haen, Seelze/FRG. The charcoal activated granu-

lar about 2.5 mm is also procured from Merck, Darmstadt/FRG.

Amniotic Fluids
The amniotic fluid samples are obtained on the one hand during amniocentesis

and on the other hand on delivery. They are frozen in portions of about 2 cm3 and

are stored at a temperature of between -18°C to -24°C,

HPLC Equipmen

The modular equipment consists of apparatus produced by the following firms:
Wissenschaftliche Gerdtebau Dr. Ing. Herbert Knauer GmbH, Berlin/FRG (Programmer
50 B and two pumps type 64.00, a dynamic mixing chamber, a column oven with
control unit and a recorder); Gynkotek, Germering/FRG (an injection valve with built-
in reed relay and a C-R3A integrator with keyboard, monitor and fioppy disk drive);
Hewlett Packard, Frankfurt/Main/FRG (digital thermometer 2802A with PT 100 sen-
sor) and Zinnser, Frankfurt/Main/FRG (mass or evaporative light-scattering detector,
model ACS 750/14).
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As separation columns we used Vertex-ECO-columns with dimensions of 120
mm in length and 4 mm inner diameter filled with Nucleosil 100, 3 um, Nucleosil
120, 3 ym, and Nucleosil 50, b um, supplied by Saulentechnik Dr. ing. H. Knauer
GmbH, Berlin/FRG.

Methods

When the individual standard substances are not delivered in the form of a
solution with the concentration of 10 mg/cm3, solutions are correspondingly com-
posed with a chloroform-methanol mixture (2:1, v:v), or the concentrated solutions
are diluted. Then the standard injection solvents which are listed in Table 1 are pro-

duced with these solutions.

The extraction of amniotic fluid to obtain the injection solutions has already
been described [8]l. 5 ul lysolecithin solution (10 mg/cm3) was added as internai
standard to the 1,5 cm3 amniotic fluid, which was used for extraction. This
lysclecithin serves to measure the reaction degree of the extraction and also to
measure the peak identification of the chromatogram. The completely dried
extractions are diluted in 0.2 cm3 chloroform/methanol {2:1, v:v) and can then be

injected into the HPLC equipment.

HPLC

The selection of the columns, the eluents and the composition of the gradients
was made according to the studies made by Breton et al. [9], Letter [10], Dugan [11]
and Geilen [12].

For the gradients a mixture of n-hexane and 2-propanal (60:40, v:v) is used as
eluent A and as eluent B, a mixture of 500 cm3 solution A with 29 cm3 water. At
first it is started in one liter of eluent A, half of which is then further used for B.
Both eluents are degassed in an ultrasonic bath for at least 15 minutes. The
composition of the gradient is given in Table 2. The flow amounts to 1.0 cm3/min. A
chromatogram takes either 45 or 50 minutes depending on which column is being
used. The column has a temperature of 30°C in order to exclude fluctuations in the

temperature in our laboratory. The detector works with compressed air purified with
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TABLE 1

Standard solutions used with partial concentration for the substances {(for abbrevia-
tions see Materials section Chemicals)

Solution No. | Substances Concentration in g/cm3

1 PG, P, PS, PE, PC, SP, LL 0.25
1A No. 1 + DPG, PMME, PDME, LPE 0.25

DD-PC, DLa-PC, DM-PC, DP-PC, DS-PC 0.25
3 DO-PC, OP-PC, LiP-PC 0.25
3A No. 3 + DD-PC, DS-PC 0.25
4 DD-PC, DS-PC 4.00

TABLE 2

Composition of the mobile phase, eluent A: n-hexane/2-propanol (60:40) and eluent
B: 500 cmS eluent A with 29 cm3 water

Time in min | Portion Ain % [ Portion Bin %
0 50 50
<] 50 50
11 22 78
20 22 78
30 0 100
50 0 100
55 50 50
60 50 50
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charcoal activated granular as nebulizing gas, pressure approximately 1.4 bar (20

psi) at 5 bar first pressure. The temperature in the evaporator is set at 50°C.

The measuring data are recorded over the integrator on the diskette for later
evaluation. The integrator and also the programmer are started by injection by hand

through the contact point of the reed relay.

The calibrations were done according to the one point method and were stored
in various files in the integrator. One calibration contains various phospholipid
classes (standard solution 1), a second one the lecithins with the various fatty acids
residues (standard solution 2 and 3, respectively 3a). No calibration was made with

sphingomyelin on its own.

Results and Discussion

By using the mass/light-scattering detector and due to its function [3] no
solution peaks and no changes in the base line through the gradients are to be found
in the chromatogram. The peak occurring at the point of the solution does at least
represent the proteins present in the solution, if not any other substances. The
presence of the proteins could be proved by an injection of a purified protein solution

with a portion of phospholipid.

The temperature of the columns has no influence on the separation as regards the
retention time, the resolution and the form of the peaks. The chromatograms
undergo no changes whether they are being produced at room temperature or

whether the column oven has a temperature of 45°C.

rati f the Phospholipi |

In figure 1 chromatograms of the standard solutions 1 and 1A can be seen.
Chromatogram ({A) serves as concentration calibration. The individual substances,
with the exception of Pl and PS are separated from each other on the base line., The
PS peak is set upon the Pl peak with its characteristic form, the strong fronting
through the sixring sugar in the molecule. Sphingomyelin is represented by its typical

double peak, here also separated on the base line.
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(A) PE PG PS PC sSP2 LL
PI SP1

(B} DPG Pl LPE PC LL
PE PMME SP1
PG PDME SP2
PS

[ ! I ! I | i |
0 5 10 15 20 25 30 35 40 45

retention time [minutes)

FIGURE 1: Chromatogram of the standard solution (A) No. 1 on a Nucleosil 100/3
and (B) No. 1A on a Nucleosil 120/3

Chromatogram (B) shows a separation of the extended standard solution with
substances that possibly may also be present in amniotic fluid. All 11 substances are
clearly separated from each other. In this column - a different one than in (A) - Pl and
PS are widely separated from each other. The separation of these two substances is
very strongly dependent on the column and can only resuit in one peak or in the two

forms described.
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FIGURE 2: Phospholipid separation of the extract of amniotic fluid (AF 244, week of
gestation 39/1) on Nucleosil 100/3

An exemplary chromatogram of an extract of mature amniotic fluid is given in
figure 2. The last peak at about 39 minutes is lysolecithin, the "internal standard”.
Lecithin with approximately 70 to 80% proportion of the compiete phospholipid
content of amniotic fluid [13] forms the "main” peak between 26 and 29 minutes.
Furthermore in this amniotic fluid, SP (31 and 33 minutes} and Pi (19.5 minutes) and
PG (16 minutes) are clearly detected. PE was not found in this sample. These other
phospholipids together form only 20 to 30% of the total and are therefore partially
very difficult to determine since the mass detector has a very high detection limit at

0.5 to 1 ug of the injected quantity.

ration_of the Molecular i f the Lecithin

If we consider the lecithin peak in the previous chromatogram and in figure 3

(frozen egg lecithin}, then, in contrast to the study made by van der Meeren et al.
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FIGURE 3: Part of a chromatogram of lecithin (from frozen egg) from Sigma, 5 ug
injected

[14], who found a deformed lecithin peak, a clear separation into up to 4 peaks is
striking. It is assumed that here a separation is to be seen according to the individual
combinations of both the fatty acid residues of the lecithin. To prove this the PC
standard solutions 2 and 3 were composed and injected. In order to detect retention
time fluctuations due to the charge-like insertion of the eluents and - if necessary - to
correct these, solution 3 was modified in 3A after making certain that the sub-
stances were separated enough from each other, to accurately measure the retention
times of the maxima. Figure 4 shows the result of the dependence of the retention
time and of the capacity factor as natural logarithm from the total of the number of
the carbon atoms in the fatty acid residues. It can be seen that both dependencies
are to be described as straight lines in mathematical terms. As a result of this for

later calculation of the amount of carbon, only the relationship retention time to the
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FIGURE 4: Dependence of the retention (time - continuous line and capacity factor -
broken line) from the total of the carbon atoms of the saturated (filled in
square, star) and unsaturated {(empty square, plus sign) fatty acid resi-
due of the lecithin

amount of carbon was always used. Also in the case of lecithin with unsaturated
residues, the retention time was calculated back to the amount of carbon. Table 3
gives the numerical values for all the Nucleosils used. Within the framework of the
measuring accuracy of the equipment used for example, the amounts of carbon
given for the oleoyl residue (18:1=number of carbon atoms: double bond amounts
in the chain), for DO-PC and PO-PC correlate very well. As can be seen in figure 5,

this is also true of all the PCs used with unsaturated residue.

Lecithin in Amniotic Fluid
As very large variations in the concentration of lecithin occur in amniotic fluid

a calibration was performed with 6 concentrations. As can be seen in figure 6, the
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TABLE 3

991

Calculated number of carbon atoms in unsaturated fatty acids of lecithin from
retention times for the three Nucleosil used

Fatty acid Number of carbon atoms of the residues
residues Nucleosil 120/3 | Nucleosil 100/3 | Nucleosil 50/5
1 2 1 2 1 2 1 2
18:1 18:1 17.3 17.3 17.6 17.6 17.4 17.4
16:0 18:1 16.0 17.7 16.0 17.8 16.0 17.5
16:0 18:2 16.0 9.7 16.0 9.5 16.0 8.9
37,57
] =
35,05 - = -
Pe— : =
3 32,5 -
2 10 o
E. 30,01 *
) . * - = 100/3
£ ] x
= 27,57
= N
C - O
_9 25,0: ¢ O
3] ] < = 50/5
. =
] * 120/3
22,57 /
0.0

008750 22 24 26 28 30 32 34 36 38 40
number of carbon atoms of fatty acids

FIGURE 5: Separation of the lecithin with saturated (filled in square, square with X

inside and star), and unsaturated (empty square, sand glass) on the

three Nucleosils used
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FIGURE 6: Calibration curve for the mass detector with PC (first - square with X
inside and second measurement - empty square) and DD-PC, (first - sand
glass and second measurement - star) one point method of the integrator
{continuous line) and exposed function (broken line)

one point calibration with the help of the integrator (continuous line) can be used for
the lower concentrations in the first approximation. Above an amount of 5 ug
injected substance however increasing fluctuations occur. The broken line is used to
calculate the portions of the total of the individual PC peaks. With the exception of
the concentration 40 ug/20 ul the peak surface is independent of the substance (PC
or DD-PC) and is easily reproducable. To calculate the curve the median value of the
peak surfaces on 40 ug/20 ul is used.

Figure 7 shows standardized chromatograms of two samples of amniotic fiuid.
The addition of the standard solution 4 - peak at 24 respectively 32 minutes in
chromatogram (A) - serves to caiculate the carbon atom count n(C) from the reten-
tion times of the lecithin peaks. The results of the calculations for this amniotic fluid
are given in Table 4. The margin of error of the carbon count amounts to a maximum
of plus minus 0.5 atoms.
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FIGURE 7: Chromatogram of {(A) AF 432 (40/0 weeks) and (B) AF 491 (40/5
weeks), each with addition of standard solution 4

The average results of the measurements of 40 amniotic fluid samples are illu-
strated in figure 8 in an example with a Nucleosil 100 column. In all the amniotic
fluid peaks were found, to which a total of & carbon atom counts could be attribu-
ted. Three of these five values (36.0, 33.9 and 32.1) are congruent with the esta-
blished standards (DS-PC, PO-PC and DP-PC). These three fatty acids occur in am-
niotic fluid with at least 8 others [15,16]. The determination of further lecithins with
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TABLE 4

Results of composition of lecithin in two amniotic fluids, AF 432 [40/0 weeks, figure
7 (A)] and AF 491 [40/5 weeks, figure 7 (B)]

Peak AF 432 AF491
No. n{C) | Portionin % | n(C) | Portionin %
1 33.9 36.2 34.0 16.8
2 32.1 51.9 32.0 67.6
3 30.5 9.2 30.5 15.5
4 29.3 2.7

retention time [minutes]

30,07

27'5 T T T T T T T T T T T T T T T T 1 L

18 20 22 24 26 28 30 32 34 36 38
number of carbon atoms in fatty acids

FIGURE 8: Retention of the lecithin with saturated (filled in square} and unsaturated

{empty square) fatty acid residues as the peaks of amniotic fiuid-lecithin
{filled in triangle) in an example of a Nucleosil 100 column
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FIGURE 9: Retention times of the double peak of the sphingomyelin with a defined
fatty acid residue on Nucleosil 100/3 {filled in square, or triangle) and
Nucleosil 120/3 (sand glass, empty square)

unsaturated fatty acid residues (18:2, 18:3, 20:4 and 22:6) is hardly possible as
they also elute in the range of sphingomyelin. Furthermore they are to be found in
very small quantities in amniotic fluid so that they lie below the detection limit. The
other two carbon counts determined to the peaks (30.7 and 29.2) only allow specu-
lation which is not carried out here, on the possible combinations of the fatty acids
in PC.

This chromatographic system can and ought not to replace the separation
through reversed phase chromatography [15] to determine the combinations of the
fatty acid residues particularly in lecithin. However the obstetrician is also especially
interested in DP-PC, since its concentration gives information on lung maturity [15].
In addition to the total concentration of lecithin just the portion of this particular

species is clearly measurable. After closer study of the chromatogramms given in the
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literature, for example in Breton et al. [9], describing the analogous systems, the
separation of lecithin can be observed in the same way. However this, with the ex-
ception of van der Meeren et al. [14] who presumably observed a peak widening
with scatter formation due to a high water content, has apparently not been

researched further.

The described separation into several peaks does not only apply to lecithin.
Only in phospholipids that elute earlier can a visible peak widening be effected. On

the other hand more than one peak is observed in SP and LL that elute later on.

ration hingomyelin

The double peak that is almost always observed in SP allows one to presume
the separation according to various fatty acid residues is the cause. This shouid be
examined by injecting P-SP and S-SP. In figure 9 the results are given on a Nucleosil
100 and a Nucleosil 120 column. The sphingomyelins also with a defined fatty acid
residue each form a double peak. So - in contrast to the descrip-tion by Christie [3] -
it cannot be a separation according to the chain length of the fatty acids. A much
more probable solution seems to be that the separation is due to nonhydroxy and

hydroxy fatty acids of equal chain length [17].

Conclusion

Also using normal phase chromatography by means of which the individual
phospholipid classes in human amniotic fluid can be separated from each other,
phosphatidylcholine can at least be separated in several particular fatty acid combi-
nations which are of interest to the obstetrician. The obvious conclusion that the

double peak of sphingomyelin is based on the same effect could not be confirmed.
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ABSTRACT

Two - parameter equation which follows from the Snyder -
Soczewinski competitive adsorption model describes the retention
- eluent composition relationships for numerous solutes both in
normal phase as well as reversed-phase systems. Its parameters
for a given system can be determined from series of isocratic
experiments or by reversed gradient multiple development.

In the present paper a two-step gradient development was applied.
A method of solution of sets of equations leading to calculation
of parameters k, and m of the equation:

log k = log k, = m log c

is reported.

INTRODUCTION
In recent years an increasing popularity of high performance
thin-layer chromatography has been observed; this is due to low
cost, simplicity, short time of analysis, possibility of parallel

999
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analysis of numerous samples. Modern densitometers transformed
HPTLC in an accurate method of microanalysis; the same
chromatogram can be scanned at several wavelengths which
facilitates at different wavelengths. A new dimension is the
combination of HPTLC with other chromatographic methods to
increase the effectiveness of separation.

The optimization of the separation process is important
especially in the case of complex samples and can be carried out
by many methods [1-3]. One of the elements of the integral
process of optimization is the choice of the eluent and its
composition. In most methods multicomponent eluents are used. To
choose the optimal composition of a multicomponent system the
knowledge of the behaviour of the solutes in simpler - binary sclvent
systems is required [4]. From the characteristics of solute retention
in binary systems the optimal composition of eluent in ternary system
can be found, e.g., by the PRISMA model [5]. The behaviour of solutes
in a binary solvent system may frequently be described by a two-
parameter equation [6,7]. The constants of this equation are usually
determined from log k’ vs. ¢ plots for a series of isocratic
experiments (¢ - concentration of modifier in mole or volume
fraction). For. multicomponent samples of wide range of polarities of
the components a more promissing technique is gradient elution which
also regquires the knowledge of retention vs. composition
relationships. In the present paper we describe an attempt to apply
the principle of reverse gradient in version of two-step development
to characterize the components of multicomponent samples and to
determine the retention-eluent composition relationships. These
relationships can then be used for further optimization of the

separation depending on the purpose of analysis and criteria assumed.

THEORETICAL CONSTIDERATIONS

The process of multiple development with increasing development
distances and reverse gradient (decreasing elution strength for
consecutive developments, evaporations of solvent after each step)
has been discussed in detail in earlier papers [8,9]. The final R;
value for the simplest case of reverse =~ gradient double development
and increasing development distance can be calculated from the
following equation [8]:
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Reen() =20y Bri, 5 * [1-Rpir, 55200y 1 Brz, 5 (1)

Let us assume that two experiments are carried out. In the first the

development distance was z; with an eluent of concentration of the
modifier ¢; ; then the plate is dried. In the second stage the
distance was 2z3;=1.0, with an eluent of cp< ¢4 . In the second
experiment the first development distance is z; with an eluent of
concentration cj, the plate is dried as in the first experiment and
then developed with eluent of concentration ¢y to distance of z,=1.0.
In both experiments the same plates are used and eluents c; - c4 have
the same gqualitative composition and differ only in the
concentrations of the modifier. We have thus two equations for the
final Ry of the solute j:

Regi =2y Rei, 5 * [1-Re1, 52131 Rpz, 5 (2)

Rpea() =23y Reqa, ) * [1-Rpis, 5 23] Rpga 5 (3)

The Ry values of individual solutes Jj can be expressed by their
characteristic parameters. If the relationships are given by two -
parameters equation which follows the Snyder-Soczewinski model [6,7]:

logk ;, ;) =109,y ~M(z1ogey (4)
then the Ry value is egqual to:

RF('. ) I T
P Kew (5)

If eqg.(5) is substituded to egs., (2,3) then after transformation we

have the following set of equations:
Rec1 (57 k2 Koty [Rec1 () €8 *Regy (5 CBY =202) €Y' 1 = [Rpgy 5y ~11 B B (6)
RFGZ(j)kOZ(J') +K, 5y [Rpga(s) 02"4‘7’ *Rega () Cfna%j) ~Z(3) c?a()j)] = [Rpga (s 11 Cf"z()j) Ca()j) (7)
in which kX, and m are unknown. The remainning values are known and the

values of Rpgy and Ry are determined experimentally in two
experiments as described above. The set of eq., (6,7) can be solved
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by approximation methods; no analytical solution exists. The
following procedure is applied. Egs., (6,7) are quadratic with
respect to k,. Therefore, we determine for eq., (6) for which values

A>0
of m the equation is sensible, i.e . Then its solution are given

by equations:

o (=b+a) | (8a)
° 2a

@ - (-b~vA) (8b)
e 2a

Since the root given by eq. (8b) is always negative, it is discarded.
The root calculated from eg. (8a) for a given m values is calculated

>
assuming that . The root is introduced to eq.(7) and the polynom

obtained is checked:

_ 2 nld) n(3 _ i) i mld) mlG
F(m) =Rpgz (5 K5(5) *Ko(5) [Rrga(5) €&y +Rpaai) €GBT ~Z(3) €67 1~ [Rpga(sy ~11 €ay’ Clay

(9)

The polynom F-is checked relative to the change of sign: if for a
certain value of ml, F;>=0, and for another m2 >ml, F,<=0 or if the
opposite is true, that is, F;<=0 and F,>=0, then the polynom can be
solved, e.g., by the bisection method [10]. Defining the accuracy of

€
solution of the polynom ( ),we find the value of m, and then from

eg. (6) or (8) the corresponding value k,,thus obtaining the two
necessary parameters of eqs. (5) and (9). The procedure was applied
to elaborate a computer program. The starting data for a given solute
are the values of Rp; and Ry obtained in two different gradient
experiments and development distances 2z, and z(3), modifier
concentration ¢; and ¢y in the individual stages of development and
the epsilon value, i.e., the accuracy with which the zero value of
polynom is determined. If there is no solution, an appropiate answer
is given. The program has been written in Pascal (version 6.0).
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EXPERIMENTAL

The chromatografic experiments were carried out using a
horizontal sandwich chamber DS (Chromdes, Lublin, Poland) [11,12].
Precoated 10 x 5 cm plates covered with 0.25 mm layer of silica Si
60 (E. Merck, Darmstadt, FRG) were used. As model solutes, lipophilic
mixture of test dyes (E. Merck), azobenzene and 2-nitroaniline were

used, chromatographed in the system heptane - diisopropyl ether. The

total development distance was 80 mm.

RESULTS AND DISCUSSION

As stated in the Introduction, the relationship between
retention and eluent composition is frequently represented by a
straight line in the system of cordinates log k’ vs. log c. The
equation (4) is characterized by two parameters: the slope m and the
value k, (k’ for pure modifier, c=1). It follows from numerous
experimental results [4] that the equation is approximate and that
deviations from linear relationships are observed especially for low
and high concentration of modifier. The log k’ vs. log c plots for
a whole group of substances investigated permits the estimation of
selectivity and range of k’ values which allows for the choice of
suitable modifier concentration for a given set of solutes; this
constitutes the basis of the optimization process.

The solutes were chromatographed in isocratic runs for several
concentrations of diisopropyl ether in heptane. From the R, (log k’)
vs. log ¢ plots the k, and m vaues were determined by the least
squares method (Table 1).

Since reverse - gradient two - stage development was used, the final
Ry values were calculated (Table 3) using an equation and computer
program derived earlier [8] for the gradient programs applied (Table

2 - development distances and modifier concentrations).
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Table 1
The comparison of coefficients k,and m calculated from isocratic
measurement of R (in the range of modifier from 0.2 to 0.4 volume

fraction) and calculated from gradient data.

Isocratic mode Gradient mode
CODE

X, m r X, m

Azobenzene 1 0.139 0.99 0.9981 0.116 1.25
Azobenzene 2 0.241 1.44 0.9409 0.208 1.55
4=~Dimethylamino- 0.336 1.15 0.9555 0.192 1.58

azobenzene

Indophencle Blue 0.447 1.82 0.9424 0.214 2.33
Sudan Red G 0.751 1.51 0.9672 0.286 2.22
Orto-nitroaniline 0.698 1.49 0.9407 0.203 2.55
Meta-nitroaniline 1.309 1.52 0.7824 0.639 2.25
Para-nitroaniline 2.53 1.66 0.9603 3.52 1.75

Two gradient experiments permitted to obtained pairs of Rg; and
Rpgz; Vvalues for each solute (Table 3).

Applying the method of solution of the pair of equations described
above and the computer program (Fig.1l) the constants k, and m for each
solute were calculated (Table 1). The values thus obtained can be
used to determine log k’ vs. log c lines and to charactrize the

system (sample, eluent, adsorbent).
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Table 2.

The gradient program used in two - stage development.

RUN STEP DISTANCE CONCENTRATION
#1 1 0.25 0.40
2 1.00 0.20
#2 1 0.50 0.40
2 1.00 0.30
Table 3

1005

The comparison of the final values of Ry; obtained by simulation of

two stage development and in experiments.

RFG(cllc ) RF(}(exp.)
CODE

Run #1 Run #2 Run #1 Run #2

Azobenzene 1 0.63 0.77 0.62 0.78
Azobenzene 2 0.34 0.54 0.38 0.58
4-Dimethylamino- 0.36 0.54 0.39 0.56

azobenzene

Indophenole Blue 0.14 0.29 0.18 0.36
Sudan Red G 0.13 0.26 0.16 0.32
Orto-nitroaniline 0.14 0.27 0.15 0.32
Meta-nitroaniline 0.08 0.16 0.08 0.17
Para-nitroaniline 0.04 0.08 0.03 0.06
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The comparison of the retention - eluent composition relationships
obtained by isocratic and stepwise gradient methods is presented in
Fig.2. It can be seen from Fig.2 and comparison of the Table 3 and
Table 1, that the data from gradient experiment indicated somewhat
higher values of slopes m that those obtained from isocratic
experiments. Except for 4 - nitroaniline the remaining straight lines
are close to each other; sometimes they cross. Taking into account
the differences in experimental techniques (isocratic and gradient
multiple development) the similarity of results obtained can be
considered satisfactory.

The retention - eluent composition relationships can be used for

futher optimization procedure.
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INTRODUCTION

GPC-Viscometry requires a molecular weight calibration curve, usually a
"Universal calibration curve" (1) Log ([n]*M) = f (Ve). With classical GPC,
using only one concentration detector, perfect control of solvent flow rate is
required since molecular weights of broad polymers are calculated by comparison
of their sliced distributions with elution volumes of narrow standards. Data
acquisition being performed as a function of time, this comparison can be
achieved accurately only when both experiments are run at exactly the same flow
rate. A small error in flow rate introduces a significant error in molecular weight
because of the logarithmic scale of the calibration curve.

The purpose of this paper is not to discuss this kind of problem, but to
study the consequence of very small flow fluctuations. These fluctuations are
unable to introduce a significant error in molecular weights when referring to a
calibration curve, but they lead to very small peak distortions with flow-sensitive
detectors like the Single Capillary Viscometer (SCV) (2-6) and, consequently, to
errors in data interpretation.

THE SINGLE CAPILLARY VISCOMETER.

The Single Capillary Viscometer (SCV) used in the WATERS GPC
150CV instrument (7) is described in Figure 1. It is composed of a capillary tube

* paper presented at the WATERS Int'l GPC symposium, SAN FRANCISCO. october 1991
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capillary

column | DRI

Differential pressure transducer (5KPA)

Capillary characteristics
Diameter = 15/1000"
Length = 6" (15 cm)
Internal volume = 18 ul

Performance in THF at 1 ml/mn and 35°C
Shear rate = 2800 s-1
Reynolds = 120
Differential pressure = 2 KPA (20 mbars)
Working pressure = 200 KPA (2 bars)

Figure 1. The Single Capillary Viscometer (SCV).

with the following characteristics (length=6", internal diameter=0.014") and of a
differential pressure transducer connected to both capillary ends to measure the
pressure drop across the capillary.

SCV obeys Poiseuille's law and the pressure drop P across the capillary
depends on the capillary geometry (radius r and length 1), on the flow rate Q and
on the viscosity of fluid 1 according to:

P=8/m *1/t4 *n *Q

At constant flow rate Q, the pressure drop is proportional to viscosity n and at
constant viscosity m, the pressure drop is proportional to flow rate Q.
Consequently, in order to use the SCV as an accurate viscometer, the flow rate
must be maintained absolutely constant during the GPC experiment. Conversely,
SCV allows perfect control of flow rate and can also be used as a very powerful
troubleshooting tool.

The purpose of this paper is to demonstrate that, when using a SCV for
viscometry measurements and assuming a very constant flow that is not strictly
observed, the viscometer function may be corrupted by a very small flow
fluctuation, leading to erroneous interpretation of viscometry data.
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EVIDENCE OF A FLOW FLUCTUATION.

Origin of the flow fluctuation.

Figure 2 represents the block diagram of the GPC/Viscometry experiment.
For our purpose, the important part of the design is the detector area where
restrictions occur because of the presence of capillary tubes (0.009"). These low
diameter tubings are usually used as connecting tubes but also as detector inlet
tubings (Differential Refractive Index detector - DRI) in order to minimize dead
volumes.

In GPC, the problem is we are using high molecular weight samples that
increase the viscosity of solvent. As the viscosity of pure solvent is ng, when a
polymer is dissolved it becomes n using the following relationship in a first
approximation:

n=ne*(1+[n]*C)

C is the sample concentration and [n] the sample intrinsic viscosity that varies
with molecular weight M according to:

=K *Ma
K and a being the Mark-Houwink coefficients (0.5>a>0.8 for coil polymers).

The parameter [n]*C represents the increase of solvent viscosity due to the
presence of polymer. Consequently, when the polymer solution enters the
detector area, the viscosity of fluid increases, and, according to the Poiseuille's
law above-described, the pressure drop in detectors increases proportionally,
leading to an increase of the total back pressure in the system. This increase is
very weak, since polymers are very diluted, but depends on the parameter [n]*C;
nevertheless this is the origin of the flow fluctuation.

The flow fluctuation.

When the polymer comes across the columns, the system is i pressure
equilibrium. When the polymer comes across the detectors, the previous
equilibrium is disturbed according to two phases:

- phase #1 - When the polymer enters into the detectors, there is an increase of
pressure leading to a momentary decrease of flow rate to reach another
equilibrium. The pumping system being at constant flow rate, the system
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/\ Z - Viscometer
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Figure 2. Block diagram of the GPC/Viscometry experiment.

Solvent

(dampeners and columns) accumulates some solvent and gives a negative wave in
flow rate at the outlet.

- phase #2 - When the polymer elutes from the detectors, there is a decrease of
pressure leading to a momentary increase of flow rate. The system (dampeners
and columns) which has previously accumulated some solvent, releases the
solvent and now gives a positive wave in flow rate at the outlet to reach another
equilibrium.

In fact, the detector volume being very small with regard to the peak
volume, the two phenomena (phase #1 and phase #2) occur quite simultaneously.
Consequently, it is impossible to obtain the two waves separately but only their
resultant overlay, since they occur at different times that correspond only to the
detector volumes. This is represented in Figure 3.

The consequence of this flow fluctuation on the viscometer profile is
represented in figure 4. The real peak and the flow fluctuation are overlaid in 4a.
The composition of the two signals is represented in 4b where the dashed line
corresponds to the real peak and the solid line to the experimental peak.
Obviously, a peak distortion occurs which leads to an experimental peak that
looks to be moved downstream. It is a peak distortion but it looks like a peak
shift, this is why this effect conflicts with interdetector volume correction, as we
shall see later. It should be noted here that a very small fluctuation is enough to
produce a significant apparent peak shift.
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Figure 3. The flow fluctuation, summation of two fluctuations.
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Figure 4. Viscometer profile distortion by a flow fluctuation.



1016 LESEC

Computer simulation.

A computer simulation was performed in order to verify the hypothesis of
the flow fluctuation. The chromatographic system is represented as slices of
solvent, each slice having a volume of 20 ul. The following conditions were used:

- the column set is represented by a long tubing with an internal diameter of
0.017" based on the equivalence of a volume of 11 ml and a pressure drop of 6
bars which is the normal behavior of a column set at 1 ml/mn of THF. (high
number of 20 wl slices).

- the viscometer is represented by a tubing with 0.014" 1.D. and one 20 ul slice
(which is very close to the reality 18 pl).

- the refractometer inlet capillary is represented by a tubing with 0.009" I.D. and
five 20 pl slices (which represents approximately its common internal volume,
80-100 nl).

- the refractometer outlet tube is represented by a tubing with 0.040" I.D. with a
large number of 20 ul slices (the pressure drop in this tubing is negligible
anyway).

In the simulation, these four volumes are connected in series and in this
sequence. A gaussian viscosity profile is entered into the simulation to simulate
the detection of a viscometer peak. The total pressure drop is then computerized
for pure THF using the Poiseuille's relationship by the summation of individual
pressure drops of each slice. From the viscosity profile, three different parameters
can be calculated: the pressure profile, the flow profile and the distorted viscosity
profile. They are represented in Figure 5.

- the pressure profile - The excess of pressure starts at a non-zero value because
of the previous presence of the polymer in the columns. Then it increases when
the polymer enters into the DRI inlet tubing then decreases when it enters the
outlet tubing. We can observe that the final pressure value is smaller than the
starting pressure value, since the system was first at equilibrium with the polymer
in a 0.017" tubing and at the end it is in a 0.040" tube (which is roughly zero
excess of pressure).

- the flow profile - It is represented in arbitrary units and starts at a value of 4,
which corresponds to the nominal value of flow rate (the system being at
equilibrium). It decreases to a value of 2 when the polymer enters into the DRI
inlet tubing, then it increases to approximately a value of 6.6 and returns to the
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Figure 5. Computer simulation of the flow fluctnation and the viscometric
signal distortion on a standard instrument.

previous equilibrium value of 4 (nominal flow rate). THIS IS THE TYPICAL
FLOW FLUCTUATION. We can observe that this fluctuation is not symmetrical,
due to the fact that the pressure fluctuation profile is not symmetrical either. This
reason has been previously explained.

- the distorted viscosity profile (experimental peak) - It is calculated by adding
the viscosity profile to the flow fluctuation profile using an attenuation coefficient
to take into account the difference in scale (the flow profile being expanded to
become visible since it is a weak effect). We can see in Figure 5 that the
distortion of the viscosity profile looks like a small shift towards high elution
volumes as previously predicted.

Experimental evidence.,

In order to evidence this phenomenon experimentally and, as it was
impossible to eliminate this effect in a first step, two sets of experiments were
performed with two different settings represented in Figure 6.

- instrument #1 is the standard Waters model 150CV.

- instrument #2 1s the same instrument with a restrictor (long 0.009" 1.D. capillary
tube) inserted between the column set and the detectors. This device does not
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capillary
1 = Y,
column | | DRI

viscometer
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column | | DRI

viscometer
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Figure 6. Schematics of instrument #1 and instrument #2.
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Figure 7. Influence of the flow fluctuation on the elution profile of the
narrow polystyrene standard 355K.



FLOW FLUCTUATIONS IN GPC-VISCOMETRY 1019

change the interdetector volume at all and, with regard to the DRI peak, the
viscometer peak has no reason to move. The advantage of this setting is not to
correct the effect but to amplify it, since the presence of the restrictor should
normally increase the pressure drop in the detector area and, consequently, the
intensity of the pressure fluctuation.

The results are represented in Figure 7 where a narrow polystyrene
standard 355K has been injected into both instruments under exactly the same
conditions. On instrument #1, we can observe on peak feet (top, left) an abnormal
behavior of the viscometer peak since, in the low molecular weight region, the
viscometer response is a little bit stronger than the DRI one, which is impossible.
The DRI response being as C and the viscometer response being as C*[n], the
viscometer response should be smaller than the DRI response in the low
molecular weight region. Also, we can suspect a flow fluctuation represented
(top, right).

On instrument #2, the phenomenon is much more obvious. We can observe
that the viscometer signal (bottom, left) is significantly above the DRI signal and,
even at the beginning of the peak, there is a small sharp decrease of the signal
that is very probably the beginning of the flow fluctuation. It is easy to imagine
the probable baseline under the peak that is drawn in Figure 7 (bottom, right). So,
increasing the pressure drop in the detector area increases the effect. That
demonstrates that the pressure drop in detectors is really responsible for the flow
fluctuation.

The interdetector volume correction.

The interdetector volume correction is indirectly involved here since the
consequence of the flow fluctuation is an apparent peak shift. The two detectors
are connected in series and the slice data acquisition is usually performed
simultaneously on both detectors. In order to match the slice information coming
from the two detectors, it is then necessary to correct the viscometer slice
retention volumes to take into account the time necessary for one molecule to
move from the viscometer to the DRI. This is what is called the "interdetector
volume correction”.

As the flow fluctuation abnormally moves the viscometer peak
downstream, it is possible to use the interdetector volume correction to study the
consequence of the flow fluctuation. As we shall see, using the correct value of
interdetector volume leads to erroneous results, but using an underestimated value
may lead to correct results, the flow fluctuation shift being corrected by this too-
small interdetector volume correction.
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Consequence on data interpretation.

The consequence of the flow fluctuation on data interpretation is exactly
the same as a wrong interdetector volume correction. There is a mismatch
between the slice concentration information C; from the DRI and the slice
pressure information [n];*C; from the viscometer. [n]; being calculated by
dividing [n];*C; by C;; the mismatch leads to a wrong calculation of [n];. As this
effect is very weak, the errors on [n]; are almost negligible and the average [n] is
generally calculated well. BUT, AND THIS IS THE MAIN ISSUE, THE
ERRORS ARE NOT SYMMETRICAL. When the viscometer peak is moved
downstream for example, [n]; is calculated a little bit too small in the HMW
region and a little bit too high in the LMW region, leading to a slight rotation of
the Mark-Houwink plot and a slight decrease of the Mark-Houwink a exponent.
THIS IS THE MAIN CONSEQUENCE OF THE FLOW FLUCTUATION.

Unfortunately, when running a GPC-Viscometry experiment, we are very
concerned with the exponent a value that has a physical meaning (a=0.5 for poor
solvents, a=0.8 for good solvents, higher value for rigid polymers). Also, for
branched polymers, the branching distribution g'; being calculated by dividing the
experimental intrinsic viscosity [n]; by the [n]; value of the corresponding linear
polymer at the same MW, the calculation of the branching distribution would be
also affected by this effect. For these reasons, the flow fluctuation must be
corrected if possible or elimmated by a modification of the hardware.

EXPERIMENTAL RESULTS.

The evidence of the flow fluctuation was firstly described in 1991 (8-9)
using the analysis of several broad distribution polystyrene samples. Table 1
shows typical results obtained with the polystyrene DOW 1683 using a standard
Model 150 CV having an interdetector volume (offset) of around 80 ul
(geometrical value). The Mark-Houwink K and a coefficients were measured
with 11 polystyrene narrow standards (a=0.71, logK=-1.8775).

This result shows that, when using the correct value of interdetector
volume, a too small value is obtained for a, the correct value being obtained using

Table 1 - Mark-Houwink a determination on DOW 1683.

Offset used (in pl) a exponent

80 (geometrical) 0.6
-20 (corrected) 0.71
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Figure 8. Viscometer peak shift and rotation of the Mark-Houwink law.

an interdetector volume correction of -20 pl. This means that the flow fluctuation
has moved the viscometer peak downstream by 100 pul, which is a small effect but
which is enough to make a decrease of the a Mark-Houwink exponent from 0.71
t0 0.6.

It is important to notice that this 100 pl apparent shift, and consequently,
the decrease of the a exponent from 0.71 to 0.6, is induced by a very weak flow
fluctuation. Its maximum intensity has been estimated to be around 4% of the
maximum deviation of the viscometer peak. In the DOW 1683 conditions, at a
flow rate of 1 ml/mn, the maximum deviation of the viscometer signal
corresponds to an equivalent flow variation of 0.01 ml/mn. 4% of this value leads
to a maximum flow fluctuation value of 0.0004 ml/mn.

Nevertheless, this extremely weak variation in flow (0.4 ul/mn, that is
0.04%) significantly disturbs the viscometry calculation and leads to a decrease
of the a exponent from 0.71 to 0.6.

Obviously, this kind of extremely weak fluctuation 0.04% cannot lead to
any problems in the calculation of molecular weights when referring to the
calibration curve; only the Mark-Houwink plot rotates a little bit. This effect
demonstrates the very high general quality of the flow control in the Waters GPC
150CV instrument, based on the use of the Single Capillary Viscometer as a flow
controller.

Other evidence is given in Table 2 where results on instrument #1 and
instrument #2 (previously described) are compared.
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Table 2 - Mark-Houwink a determination function of pressure drop.

Offset used (in ul) a (instrument #1)  a (instrument #2)
80 (geometrical) 0.6 0.52
- 20 (corrected) 0.71 0.63

Table 3 - Measurements of peak elution volumes in ml.

Difference (DRI-Visco) NBS 706 DOW 1683 Offset
Theoretical 0.847 1.224 0

Instrument #1 0.747 1.125 0.100
Instrument #2 0.691 1.079 0.150

Table 4 - Measurements of broad polystyrene samples.

Samples Mwyg Mw,niv ] a LogK

DOWI1683-labo 242,600 245,800 81.8 0.709 -1.873
DOW1683-elf 241,300 241,900 825 0.708 -1.866
NBS706-labo 261,300 257,000 907 0.715 -1.888
NBS706-elf 258,800 256,900 886 0.715 -1.895
BASF168N-labo 303,700 302,500 99.6 0682 -1.712
BASF168N-elf 316,900 319,200 101  0.689 -1.760
PS-TUPAC 217,600 213,600 779 0.705 -1.831
PS1240-elf 305,600 300,000 101.5 0.707 -1.840

For instrument #1, we get the same result than in Table 1. For instrument
#2, we observe a stronger effect leading to smaller a values. It has not been
possible to correct the used offset to obtain the right value 0.71 for instrument #2,
the software not allowing too negative offset values.

A further evidence is reported in Table 3 by the measurement of the
differences in retention volumes at the peak apex between the viscometer and the
DRI for DOW 1683 and NBS 706 on both instruments.

The measurements of peak retention volumes confirm a viscometer peak
shift downstream depending upon pressure drop in the detector area: 100 ul for
instrument #1 and 150 pl for instrument #2.

Nevertheless, it was possible to analyze several broad distribution
polymers using the corrected value of interdetector volume of -20 pl. Instrument
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used is a Waters 150 CV at a temperature of 40°C with THF as eluent at 1
ml/mn. The column set was composed of four Waters Ultrastyragel 103, 104, 103
and 106 A. For each sample, 400 pl were injected at a concentration of 0.1%.
Broad polystyrene samples were analyzed using a polystyrene calibration to
check the behavior of universal calibration. Mwy,s are molecular weights in PS
units (classical GPC) and Mw,;;;;,, are molecular weights in real units by GPC-
Viscometry. They are listed in Table 4 with viscometry results. The viscosity law
obtained using 11 narrow distribution standards was: a=0.710, LogK=-1.8775.

We observe a good correlation of molecular weights and viscosity
parameters. Nevertheless, Table 4 contains original results of the very first
experiments in March 1990. With regard to more recent results, the molecular
weight values listed in Table 4 are too low by approximately 4% due to an
imperfect calibration curve. The same holds true for intrinsic viscosity [n] values
that are also too low by approximately 4%, but because the injector volume was
not properly calibrated. The 150CV injector is a very reproducible injection
system but needs to be carefully calibrated to know the exact amount of injected
polymer, this one being used in viscosity calculations.

DISCUSSION.

Parameters influencing the flow fluctuation.

As we have seen, the flow fluctuation effect is induced by wviscosity
problems. It depends, accordingly, upon the specific viscosity of the polymer
solution, that is [n]*C. This means that the effect depends upon both sample
concentration and molecular weight (proportional to intrinsic viscosity [n]); the
higher the parameter [n]*C, the stronger the fluctuation and the stronger the peak
shift, as shown in Figure 9.

Conversely, the length of the perturbation will depend upon the length of
the viscosity profile, that is roughly the sample polydispersity. The higher the
polydispersity, the longer the flow fluctuation profile and the stronger the peak
shift, as shown in Figure 10.

This can be observed by carefully looking at the a values in Table 4 where
the offset value -20 pl was adjusted for the DOW 1683. Obviously, for this
sample, the right a value is perfectly determined (0.709, 0.708). For NBS 706,
which has a smaller polydispersity (for the main body), the effect is smaller and
the value -20 pl overcorrects the effect (0.715, 0.715). For BASF 168N, which
has a broader distribution and a higher molecular weight, the effect is much
stronger and the value -20 ul undercorrects the effect (0.682, 0.689). Finally, PS-
TUPAC, which has a smaller molecular weight but a broader distribution, is
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calculated quite well (0.705), there is compensation between molecular weight
and polydispersity for this sample.

The results of Table 4 ([n], a), in addition to the polydispersity "dis" and
the concentration C, were entered into a regression software (Eureka from
Borland) in order to determine if there was a relationship between those
parameters. The following general relationship was obtained:

M*C *dis05*a4=31.25
This relationship is valid only for polystyrene and under our experimental
conditions. It means that the fluctuation depends directly upon the [n]*C value

and upon the square root of the sample polydispersity.

Is it possible to correct this effect ?

This effect, depending simultaneously on three important parameters, the
sample concentration C, the molecular weight (intrinsic viscosity [n]) and the
polydispersity "dis", should have a different intensity for every sample. It appears
quite impossible to set a perfect correction procedure with the software.
Furthermore, we have just analyzed the situation in terms of peak shift when it is
really a very small peak distortion.

What is the solution ?

The solution is obviously in the hardware. Every 0.009" capillary tube must
be removed from the detector area and be replaced by tubes with larger internal
diameter. This is true not only for the DRI inlet tubing, but also for every
connecting tube between the columns and the several series-connected detectors.
This is particularly valid when an external detector is used, such as a UV detector
or a light scattering detector. The usual design uses long connecting capillaries to
go into and out of the model 150CV, 0.009" tubes being used to minimize dead
volumes. This can produce strong flow fluctuations. To avoid this, tubes with
higher internal diameters must be used, but with a much shorter length in order to
maintain minimal dead volumes. This requires more compact designs.

The internal geometry of the DRI detector must also be changed according
to the same rules, i.e., higher internal diameter and shorter length. This has
already been done and several DRI prototypes were tested successfully (9,10).

To check this proposed solution, the same simulation program was used,
with different parameters, to study the behavior of DRI prototypes:

- the column set is still represented by a large number of 20 pl slices.
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Figure 11. Computer simulation of the flow fluctuation and the viscometric
signal distortion on an instrument equipped with a DRI prototype.

- the viscometer is still one slice of 0.014" tubing.
- the DRI inlet tubing is six slices (120 ul) of 0.020" tubing.
- the DRI outlet tube is still a great number of 0.040" slices.

The result of the simulation is represented in Figure 11; it should be
compared to the one represented in Figure S.

- the pressure profile is drastically changed. There is now a smooth decrease of
pressure, corresponding to the polymer coming out the system. The pressure
increase has completely disappeared.

- the flow profile is also completely changed. The flow fluctuation completely
disappeared and there is now only a very small, quite negligible variation,
corresponding to the polymer coming out the system. It is important to notice that
the scale of the flow profile was amplified to show the fluctuation. The flow
profile in Figure 11 must be compared to the one in Figure 5 where the fluctuation
intensity is 0.04% of flow. They are plotted at the same scale factor.

- the experimental peak is now quite identical to the viscosity profile and there is
no evidence of a peak shift; there is only a very small increase in intensity
corresponding to the polymer coming out the system. This kind of profile is
obviously within the standard error in detection and must certainly lead to a
perfect determination of the viscosity law and the correct values of the Mark-
Houwink K and a.
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CONCLUSION.

The flow fluctuation, when the polymer peak comes across the detectors, is
produced by the variation of pressure drop in the detectors, due to the specific
viscosity of the polymer solution. It may occur in every system using capillary
tubes (0.009™) in the detector area. It is particularly visible on flow-sensitive
detectors such as the SCV.

This effect is not reproducible from one instrument to another, since it
depends on the internal diameter of the capillary tubes to the 4th power
(Poiseuille's law), and capillaries are not reproducible. The example given in this
paper is probably the worst case never encountered and the largest intensity never
recorded. Many other 150CVs have been tested with a much smaller effect.

The intensity of the effect depends upon three main parameters
(concentration, molecular weight and polydispersity of the sample); it is quite
impossible to control it and to correct it with a software procedure. The only way
is to change the hardware to reduce pressure drop in the detector area. Some DRI
prototypes have been successfully built and tested with a geometry based on the
rule: higher internal diameter and smaller length of connecting tubes. The results
will be published in further papers (9-11).

The effect does not involve only the DRI detector but also any detector
having a strong pressure drop or any arrangement between several detectors that
involves long capillary tubes. Of course, the problem occurring with 0.009"
tubings, any arrangement using smaller tubings like the 0.005" capillaries will
produce much stronger effects.

A good practice for GPC using several detectors is to use more compact
arrangements and connecting tubes with the highest possible internal diameters
and the shortest possible length.
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INTRODUCTION

The purpose of this paper is to discuss the results obtained with high
temperature GPC using a WATERS GPC 150CV equipped with a single capillary
viscometer (SCV) and a differential refractive index detector (DRI) prototype.
The reason for using a DRI prototype is that it has been demonstrated that a
standard DRI detector may lead, under certain conditions, to erroneous results in
viscosity calculations because of the occurrence of a very small flow fluctuation
so-called "Lesec effect” when the polymer flows across the detectors (1-3). This
very small fluctuation is enough to produce a significant apparent shift of the
viscometer peak and leads to a small rotation of the viscosity law. The
consequence is an abnormal small decrease of the Mark-Houwink a exponent.
This phenomenon is caused by the specific viscosity of the polymer solution
increasing the pressure drop in the detector area (1-3).

Furthermore, GPC-Viscometry requires a calibration curve in molecular
weight, usually a "universal calibration curve" Log([n]*M)=f(Ve) (4). As for
classical GPC, perfect control of solvent flow rate is required, since molecular
weights of broad polymers are calculated by comparison of their sliced
distribution with elution volumes of narrow standards. The use of the SCV allows
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perfect control of the flow rate and this small flow fluctuation is not sufficient to
introduce a significant error in molecular weight calculations when referring to a
calibration curve. It only leads to a very small viscometer peak distortion and a
decrease of the viscosity law a exponent.

The purpose of this study is to check the behavior of a DRI prototype at
high temperature. This prototype has been designed to avoid the occurrence of
the flow fluctuation that may occur with a standard DRI.

INSTRUMENTATION AND GENERAL CONSIDERATIONS.

The single capillary viscometer.

The Single Capillary Viscometer (SCV) is used inside the WATERS GPC
150CV instrument (5). It is composed of a capillary tube with the following
characteristics (length=6", internal diameter=0.014", volume=18 pul) and of a
differential pressure transducer (5 KPA full scale) connected to both capillary
ends to measure the pressure drop across the capillary.

SCV obeys Poiseuille's law and the pressure drop P across the capillary
depends upon the capillary geometry (radius r and length 1), on the flow rate Q
and on the viscosity ) according to:

P=8/m *1/r4*n *Q

At constant flow rate Q, the pressure drop is proportional to viscosity 1 and, at
constant viscosity T, the pressure drop is proportional to flow rate Q.
Consequently, in order to use the SCV as an accurate viscometer, the flow rate
must be maintained absolutely constant during the GPC experiment. Conversely,
SCV allows perfect control of flow rate and is also used as a very powerful
troubleshooting tool.

The flow fluctuation ("Lesec effect”).

It has been shown that the standard DRI detector, but also every instrument
using long capillary connecting tubes in the detector area, may lead to an
abnormal behavior of the viscometric detection (1-3) but also possibly with other
detectors. A flow fluctuation occurs when the polymer solution, with a higher
specific viscosity than solvent, flows through the detectors, increasing the
pressure drop. This weak flow fluctuation slightly distorts the viscometer peak
and produces an apparent peak shift downstream. This apparent shift introduces a
mismatch between the slice concentration information from the DRI and the slice
pressure information from the viscometer. This mismatch leads to a slightly
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incorrect calculation of the slice intrinsic viscosity [N];. As this effect is very
weak, the errors on intrinsic viscosity are almost negligible but they lead to a
slight rotation of the Mark-Houwink plot and a slight decrease of the Mark-
Houwink a exponent.

Unfortunately, with GPC-Viscometry, the exponent a value has a physical
meaning (a=0.5 for poor solvents, a=0.8 for good solvents, higher value for rigid
polymers) and it must be determined very accurately. Also, for branched
polymers, the branching distribution g} being calculated by dividing the
experimental infrinsic viscosity [n]br; by the [n]in; value of the corresponding
linear polymer at the same molecular weight, the calculation of the branching
distribution would be also affected by this effect. For these reasons, as the flow
fluctuation cannot be readily corrected, it must be eliminated by an appropriate
modification of the hardware.

The differential refractive index detector prototype.

For this study, a DRI prototype has been built with a geometry designed to
avoid the flow fluctuation. The 0.009" inlet tubing has been replaced by a 0.020"
tubing. The ratio in diameter being 2.22, we can expect, according to Poiseuille, a
decrease of the pressure drop by a factor of 24 for the same length, but at the
same time, we get an increase of internal volume by a factor of 5 that is
unacceptable. For this reason, the internal design has been modified to reduce this
volume. This detector, called prototype #1, having an internal volume around 150
ul, was first successfully tested at room temperature with THF (2). Nevertheless,
the results obtained with this prototype show a small discrepancy of 25 ul
between the interdetector volume value and the value necessary to run broad
sample perfectly, probably due to excessive internal volume (interdetector volume
being 150 ul plus the half of detector cells 13 pl, i.e. around 165 ul).

In order to improve the detector performance, the internal geometry of
prototype #1 has been modified to give prototype #2. The inlet tubing having an
internal volume of around 87 pl, interdetector volume is 87l plus the half of
detector cells 13 pl, i.e. around 100 pl. This is the DRI prototype that has been
used in this high temperature study.

EXPERIMENTAL RESULTS.

Experimental conditions.

A WATERS GPC 150CV, equipped with the DRI prototype #2 described
above, was used for this study. The solvent was 1,2 4-trichlorobenzene (TCB) at
a temperature of 145°C and a flow rate of 1 ml/mn. TCB was filtered through
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basic alumina to remove acidity and through Millipore membrane type FH 0.45u.
Then, a stabilizer (Irganox 1010) was added at a concentration of 0.1 %. The
sample solutions were prepared at a concentration of approximately 0.001 g/ml at
170°C for 1 hour without stirring to avoid mechanical degradation, then at 150°C
during 2 hours with stirring. They were overprotected at a concentration of 0.2 %
of Irganox 1010 to avoid chemical degradation.

The columns used were a set of WATERS Ultrastyragel (103, 104, 105 and
106 A). The narrow standards used were a set of polymethylmethacrylate
(PMMA) from POLYMER LABORATORIES and a set of polystyrene (PS-TSK)
from TOYO SODA.

The GPC sofiware.

The software is the "Multidetector GPC software"”, a PC-DOS package
written by J. Lesec (6) for triple detection GPC. For data acquisition, the PC
computer is connected to the 150 CV through a CEC IEEE board (CAPITAL
EQUIPMENT CORPORATION) and a 199 scanner/multimeter (KEITHLEY).
Molecular weights are calculated either using a universal calibration curve or a
combination of the classical molecular weight calibration curve and the viscosity
law of the standards.

The data area is determined by the extreme bounds of both peaks to run
calculations on the totality of peak information, a special procedure of
extrapolation being used to recover missing data at both ends of chromatograms
(6). The same holds true for intrinsic viscosity [n}; versus elution volume and
versus Log(M), the central part of data being used to extrapolate and to re-build
noisy data out of bounds at both ends of [n]; data. In addition to the average
molecular weights, intrinsic viscosity [1], Mark-Houwink K and a coefficients,
DRI area constant and refractive index increment dn/dc are calculated. For
branched polymers, the branching distribution g is calculated by dividing the
experimental intrinsic viscosity [n]br; by the [n]iin; value of the corresponding
linear polymer at the same molecular weight. Average g' <g™, g’} at Mn, g at
Mw, g at Mz and molecular weight where branching begins to occur are also
calculated.

Another available advantage is the ability to calculate the number average
molecular weight Mn from the viscometer without using the concentration
detector data. A calculation method was originally described by J.M. Goldwasser
(7). The GPC software uses a different method similar to the one described later
by W. Yau (8). As Mn is defined as:

Mn=2XC;/X(C;/ M)
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when multiplying (C; / M;) by [n]; at numerator and denominator, it comes:
(Ci/ My = (Ci*[nk / My*[n])
and Mn =X C;/ Z (Ci*[nl;/ My*[n]p

2 C; is the sample concentration Conc (using the injection concentration C;, the
injection volume and the slice volume). M;*[n}; is the hydrodynamic volume HV;
coming from universal calibration. C;*[n]; is the viscometer response when using
the following formula to calculate [n]; at zero concentration:

[nli = 2/Ci * (Nredi - Ninhi) ] ©
using: Mredi = 1/Ci * ((P; - Po) / Po) and Mijnhi = 1/C; * Log (P; / Po)
it comes that the viscometer value Visco; = C;*[n}; with:

Ci*[nli=[2 * ((P-Po)/Po - Log (Py/Pg) 1 0
Finally:

Mn = Conc / X ( Visco;/ HV;)
Using this formula, it is possible to calculate Mn by an absolute procedure using
only the sample concentration Conc, the viscometer signal Visco; and a universal
calibration curve HV; without the need of any constant or any assumption and
without need of the concentration detector. This feature is particularly useful to
check the validity of results and when studying copolymers with a variable
composition for which the DRI response is not a concentration signal, the

refractive index increment dn/dc not being constant.

The interdetector volume correction.

The interdetector volume correction is indirectly involved here since the
consequence of the flow fluctuation is an apparent peak shift. The two detectors
being connected in series, the slice data acquisition is performed simultaneously
on both detectors. In order to match the slice information coming from the two
detectors, a correction of the viscometer slice elution volumes is performed to
take into account the time necessary for each polymer molecule to move from the
viscometer to the DRI,
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zero slope

2nd order  experimental
regression ’ data

elution volume Ve
(interpolated)

Figure 1 - Peak apex determination.

As the flow fluctuation slightly moves the viscometer downstream, this
effect can be measured using the interdetector volume correction. When using an
adjusted value for interdetector volume correction to obtain the appropriate value
of the Mark-Houwink a exponent with a broad polymer, the difference between
the theoretical value of the correction and the adjusted value corresponds to the
viscometer peak shift and, consequently, to the intensity of the flow fluctuation.
This is how the 100 ul apparent peak shift was measured in a standard 150 CV
(1-3).

Interdetector volume determination.

In order to very carefully determine the interdetector volume, the software
uses a special procedure for peak apex determination. A second order regression
is performed around the highest data value, then the derivative is calculated. The
exact value (interpolated) of the peak apex corresponds to the elution volume for
which this derivative is equal to zero. This is represented in Figure 1.

Interdetector volume was measured using the Irganox 1010 peak that elutes
around 42.5 m! with both detectors (Figure 2). This peak occurs because of the
higher level of Irganox 1010 in the sample solution than in the solvent. Measuring
the difference in elution volumes between the viscometer and the DRI must
normally provide the interdetector volume, this molecule being assumed to be
strictly monodisperse. The results obtained using a more efficient method will be
published soon (9).

Interdetector volume was also measured using the PMMA standard peaks
that are not strictly monodisperse; this is represented in Figure 3. A value of 95 pl
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CNRS URA 278 * (UNIVERSITE P.& M. CURIE - PARIS VI * E.S.P.C.I
Version 3.00a - MULTIDETECTOR GPC SOFTWARE - revised 03/17/93 J.Lesec
CALIBRATION SYSTEM : Polyolefines I 1 Tue 23 MAR 1993 15:29:09
C:\GPC\E (Thu 11 APR 1991) - 150CV - new RI$1 modif - 4 ustyr. TCB 145°C
RUN ¢ 8 DATE : Thu 20 JUN 1991 TIME : 14:59:48 SAMPLES : 12
INJECTION £ 11 CODE : INJ 91 TIME : 01:11:52
SAMPLE PARAMETERS CALCULATION PARAMETERS
Name : NBS 1475 - linear polyethylene Flow rate adjustment 01
Concentration {(g/ml) : .001389 Concentrat.adjust (0-1) : 1
Injected volume {(ml) 1 .414 Index incr.adjust (0-1) : 0
Alpha (Mark-Souwink) : 0 CALCULATION MODES (Yes=1,No=0)
LOG(K) (Mark-Houvink) : Refractometer active 1
Index increment (dn/dc) : .1085 Spectrometer active : 0
A2 - 2nd virial coeff. : 0 Viscometer active : 1
DETECTOR PARAMETERS LALLS detector active : 0
Refractom. semsitivity : 256 Calibration active i 1
Refractom. constant (K) : 11.98 Universal Mark-Souwink : 0
Spectrom. sensitivity s 0 Please, do not use : 0
Spectrometer constant Y Branching viscometer : 0
LALLS Gain value : 0 Branching LALLS-Viscom. : 0
NBS 1475 - linear polyethyliene DETECTORS Tue 23 WAR 1993 15:29:26
Tt
B3:-.1068 B3:-.107
U3: 26.79 U3: 41.48
N3: 216 Up\33?6
B1: 1.138 B1: 1.198
U1L: 26.17 V1: 39.63
N1: 198 Up: \32.6
1
L Ve (}l)
EEEEEEE NSRS EEEEE NN NN RN NN EWE NN
28 ) 40 58

Figure 2 - Irganox 1010 peaks on a chromatogram of the NBS 1475.
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INTERDETECTOR VOLUME
150 CV RI Prototype # 2
Geometrical offset = 0.100 ml

o2 r PMMA standards |

Difference of elution volumes (ml)

ﬁ IRGANOX 1010

10® 10* 10® 10® 107
Molecular weight

Figure 3 - Interdetector volume measured using PMMA standards and
Irganox 1010 for DRI prototype #2.

was found with Irganox 1010 when the geometrical value was 100 pl, which is in
very good agreement. For PMMA standards, the value is a little bit higher except
for low molecular weight samples. This demonstrates that the standards are not
strictly monodisperse, the low molecular weight ones exhibiting a higher
polydispersity.

By comparison, the same study was run with prototype #1 and is
represented in Figure 4. A value of 170 pl was found instead of the geometrical

value 165 ul, which is in very good agreement, and the same behavior is observed
for PMMA standards.

Polystyrene standards have also been used for the same measurements. The
results are represented in Figure 5. Again, a value of 95 pl is found with Irganox
1010 but PS standards, except for the lowest and the highest molecular weight
ones whose polydispersities are significantly greater than unity, exhibit an
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INTERDETECTOR VOLUME
150 CV RI Prototype # 1
Geometrical offset = 0.185 ml

o
(=]

PMMA standards

0.2

Difference of elution volumes {ml)

0.170 5
L ]
+ IRGANOX 1010

10° 10* 10° 108 107

Molecular weight

Figure 4 - Interdetector volume measured using PMMA standards and
Irganox 1010 for DRI prototype #1.

abnormal behavior since they give a value a little bit smaller than Irganox 1010,
which is theoretically impossible. It was not possible to find an explanation for
this phenomenon. This discrepancy is extremely small and may come from a non
perfect monodispersity of Irganox 1010 or a small residue of the flow fluctuation
effect that was significantly weakened, but may not be completely eliminated.

In any case, these results are to be compared with the ones obtained with a
standard DRI and represented in Figure 6. They were obtained at room
temperature with THF using the water impurity peak to determine the
interdetector volume. Again, a very good agreement was found between the
geometrical volume (85 ul) and the water peak (90 pl). Conversely, the values
obtained with PS standards are much smaller than expected (around 60 pl). This
difference corresponds to the apparent shift of the viscometer peak downstream
resulting from the flow fluctuation occurring in this unit.
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INTERDETECTOR VOLUME
150 CV RI Prototype # 2

Geometrical offset = 0.100 ml

0.2 -

PS standards

0.1r 4‘\ L] ]

IRGANOX 1010

Difference of elution volumes (ml)

10° 10t 10° 10® 107
Molecular weight

Figure 5 - Interdetector volume measured using PS standards and
Irganox 1010 for DRI prototype #2.

The comparison between Figure 6 (standard DRI) and Figures 3, 4 and 5
(DRI prototypes) gives a good demonstration of the difference of behavior
between a standard DRI and the DRI prototypes. It shows that the problem has
been solved with the DRI prototypes and that the consequences of the flow
fluctuation are eliminated.

Numerical results of polymer analysis.

Column calibration was performed with PMMA standards, using universal
calibration. For this study, the combination of a LogM calibration curve and the
viscosity law of standards has been used; they are represented in Figure 7. In the
parameter table obtained after running the calibration and containing the
analytical representation of both LogM calibration and viscosity law, it is
important to note that the viscometer offset value, used to correct the
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INTERDECTOR VOLUME
150 CV standard Rl unit

Geometrical offset = 0.085 ml

E
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g Water
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Figure 6 - Interdetector volume measured using PS standards and water
peak for a standard DRI

interdetector volume, was 85 pl. This will be discussed later. In order to check

the performance of the system, several polymers were analyzed using this
calibration.

Two polyethylene samples (NBS 1475 & 1476) were also studied. The
chromatograms of NBS 1475, linear polymer, are represented in Figure 8 and the
viscosity variations are represented in Figure 9. A very straight Mark-Houwink
plot is obtained with an exponent a value of 0.715, which is correct. Numerical
results and molecular weight distribution are represented in Figure 10. The first
column of molecular weight results is in standard units (PMMA) and the second
column in real units (UNIVERSAL). A value of 52,800 is found for Mw and
21,000 for Mn, which is extremely close to the expected values. The viscometer
gives an intrinsic viscosity of 105 ml/g and an Mn value of 22,500, very close to
the Mn value by the universal calculation.
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Polyolefines 2% 1 MARK HOUWINKR PLOT Thu 03 0CT 1991 13:24:33
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Figure 7 - Viscosity law and LogM calibration with PMMA standards.
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CNRS URA 278 * [MI

VERSITE P.& Y. CURIE - PRIS VI * E.5.2.C.I

Version 2.20c - MULTIDETECTOR GPC SOFTWARE - revised 09/10/91 J.Lesec

CALIBRATION SYSTEM : Polyolefines # 1 Thu 03 OCT 1991 13:38:53

C:\GPC\E (Thu 11 APR 1991) - 150CV - new RI#1 modif - 4 ustyr. TCB 145°C

RUN # 15 DATE : Wed 02 OCT 1991 TIME : 17:16:51 SAMPLES : 16
INJECTION # 15 CODE : INJ 161 TIME : 07:32:59

SAMPLE PARAMETERS

CALCULATION PARAMETERS

Name : NBS 1475 Flow rate adjustment 1
Concentration (g/mi) : .002993 Concentrat.adjust (0-1) 1
Injected volume {(ml) 414 Index incr.adjust (0-1) 0
Alpha (Mark-Houwink) : 0 CALCULATION MODES (Yes=1,No=0)
LOG{K) (Mark-Houwink) 0 Refractometer active 1
Index increment (dn/dc) : .1085 Spectrometer active 0
A2 ~ 2nd virial coeff. : 0 Viscometer active 1
DETECTOR PARAMETERS LALLS detector active 0
Refractom. sensitivity : 256 Calibration active 1
Refractom. comnstant (K) : 9.22 Universal Mark—Houwink 0
Spectrom. sensitivity : 0 Please, do not use 0
Spectrometer constagt : 0 Branching viscometer : 0
LALLS Gaim value H] Branching LALLS-Viscom. 0
NBS 1475 DETECTORS Thu 03 OCT 1991 13:39:27
B3:-.0976 B3:-.09615
v3: 27.27 U3: 41.82
N3: 214 Up: 34.17
Bi: 1.193 B1: 1.193
U1: 25.83 U1: 39.?
N1i: 2e4 Up: 32.%4
Ve (fl)
ot g e et e Levvr g v by v ey L
20 3e 40 56

Figure 8 -

Chromatograms of polyethylene NBS 1475.
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NBS 1475 UISCOMETER Thu 03 OCT 1991 13:49:47
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Figure 9 - Viscosity variations of polyethylene NBS 1475.
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(NRS URA 278 * UNIVERSITE P.& M. CURIE - PARIS VI * E.5.P.C.I.

Version 2.20c - MULTIDETECTOR GPC SOFTWARE - revised 09/10/91 J.Lesec

NBS 1475 RESULTS Thu 03 OCT 1991 13:42:41
Polyolefines # 1 RUN # 15 Inj & 15 CODE : INJ 161
DATE : Wed 02 OCT 1991 TIME : 07:32:59 Manual integration
Calibration # 1.33 Number of points: 239 Axjal dispersion: YES
MOLECULAR WEIGHTS STANDARD UNIVERSAL
Peak mol. wt Mp : 80280 32580
Number aver. Mm : 50520 21020
Viscos. aver. Mv : 112800 45680
Weight averag.iw : 131300 52810
Z average Mz 400600 159400
Polydispersity : 2.6 2.51
[n] (ml/g) : 105.4 105.6
Log(XK) (M-H) + -1.548 -1.309
Alpha (M-H) : .707 .715
REFRACTOMETER C/c : 1.068 Peak elution : 34.299 Baseline :-.096876
Area constant : 1.068 Conc. (g/ml) : .0031956 dn/dc : .1085
VISCOMETER Mn : 22500 Peak elution : 32.966 Baseline : 1.1928
[n]area (ml/g): 105.2 [n]peak(ml/g): 125 [nlexp (ml/g): 105.2
NBS 1475 DISTRIBUTION CURVE Thu 03 OCT 1991 13:42:46
v O 7] 108
s — 58
8 [ e
ol o svd v vd vl red el gl
2 3 4 S 6 ? g

Figure 10 - Numerical results and molecular weight distribution of
polyethylene NBS 1475.
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The chromatograms of the branched polyethylene NBS 1476 are
represented in Figure 11 and the viscosity variations in Figure 12. Contrary to the
NBS 1475, the Mark-Houwink plot is curved because of branching and it is
compared to the linear viscosity law obtained with the NBS 1475 (Figure 9) to
provide the long-chain branching distribution gi=[nJbr/[n]lin;, plotted as small
crosses. Figure 13 represents the numerical results and molecular weight
distribution. A value of 81,300 is found for Mw and 25,800 for Mn, which is
extremely close to the expected values. The viscometer gives an intrinsic
viscosity of 93 ml/g and an Mn value of 29,100, close to the Mn value by the
normal calculation. The average <gp> value is found to be 0.65 with branching
beginning to occur at very low molecular weight (1,600).

To check the validity of results, some broad polystyrene samples with
known molecular weights (DOW 1683 and NBS 706) were also analyzed. The
chromatogram of DOW 1683, linear polystyrene, is represented in Figure 14. A
linear Mark-Houwink plot is obtained with an exponent value of 0.65. The
"Standard" column is in PMMA umits and the "Universal" column in real units.
Mn and Mw were found to be 104,400 and 240,200 respectively, which is
correct. The viscometer gives an intrinsic viscosity of 76.2 ml/g and an Mn value
of 100,600, extremely close to the expected Mn value. Also NBS 706,
represented in Figure 15 gives good values, slightly low in molecular weights:
Mn=102,000, Mw=252,400. The Mark-Houwink exponent is found 0.64 (very
close to the DOW value 0.65) and the viscometer gives an intrinsic viscosity of
80.7 ml/g and an Mn value of 103,700.

DISCUSSION.

All of these results where obtained with an interdetector volume correction
of 85 ul instead of the 95 pl value determined using the Irganox 1010 peak
(Figure 3). The reason is that this value has been adjusted with a broad linear
PMMA sample to determine the exact same a exponent value 0.695 as with the
kit of PMMA standards (Figure 7). Figure 16 represents the viscosity variations
of the broad linear PMMA sample, using a correction of 85 ul, which gives the
right a exponent 0.696. Under these conditions, the molecular weights are well
calculated. The "Standard" column in PMMA units and the "Universal” column in
real units are very similar, which is expected, since the sample has the same
nature as the calibration standards. Again, the Mn by viscometry is found to be
very close (60,550) to the "universal” value (61,930).

As a comparison, Figure 17 represents the same viscosity variations but

using the Irganox 1010 correction of 95 pl which gives the underestimated value
of 0.682. The difference between 0.696 and 0.682 is very small and introduces
only very small variations in polymer analysis. A comparison of results obtained
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(NRS URA 278 < UNIVERSITE P.& Y. CURIE - PARIS VI * E.5.D.C.L

Version 2.20c - MULTIDETECTOR GPC SOFTWARE - revised 09/10/91 J.Lesec

CALIBRATION SYSTEM : Polyolefines # 1 Thu 03 OCT 1991 13:44:55

C:\GPC\E (Thu 11 APR 1991) ~- 150CV - new RI#1 modif - 4 ustyr. TCB 145°C:
RUN # 15 DATE : Wed 02 OCT 1991 TIME : 17:16:51 SAMPLES : 16
INJECTION # 16 CODE : INJ 162 TIME : 08:34:02

SAMPLE PARAMETERS CALCULATION PARAMETERS

Figure 11 - Chromatograms of polyethylene NBS 1476.

Name : NBS 1476 Flow rate adjustment 1
Concentration (g/ml) .002369 Concentrat.adjust (0-1) : 1
Injected volume {(ml) 1 .114 Index incr.adjust {(0-1) : 0
Alpha (Mark-Houwink) .71515 CALCULATION MODES (Yes=l,No=0)
LOG(K) (Mark-Houwink) 1.3087 Refractometer active HS
Index increment (dn/dc) .1085 Spectrometer active : 0
A2 - 2nd virial coeff. : 0 Viscometer active s 1
DETECTOR PARAMETERS LALLS detector active : 0
Refractom. semsitivity 256 Calibration active 1
Refractom. comstant (K) : 9.22 Universal Mark-Houwink : 0
Spectrom. semsitivity : 0 Please, do not use : 0
Spectrometer constant : 0 Branching viscometer : 1
LALLS Gain value 0 Branching LALLS-Viscom. : 0
NBS 1476 DETECTORS Thu 03 GCT 1991 13:45:44
B3:-.89919 B3:-.09797
U3: 27.74 U3: 41.82
N3: 207 Up: 33.3%
Bi: 1.193 B1: 1.193
U1: 272.2 U1: 39.43
N1i: 188 Up: 32.19
Ue (hl)
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NBS 1476 VISCOMETER Thu 03 OCT 1991 13:47:24
L I1: 35
12: 171
N: 137
Log(InD)
z - =
C 3]
- 4
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-
1 Ve (nl) -
= S
il B R R R DY S P IO W A NN S NN WO N S NN SN A WO O T e
30 35 410
vd =—4 29064 vl = .67454 yZ2 =-.019967 v3 = .80016102
NBS 1476 BRANCHING Thu 03 OCT 1991 13:48:20
I1: 11 1
12: 97 .
N: 87 -
Log¢In1) ]
2 - -
C \\ g 4
- — .5
L .., -
I M'\% b
L i ]
i g
Log(M) 7
1 18
E Loyl vy ooyl i
4 5 6
Alpha = ,71515 LOG(K) =-~1.3087

Figure 12 - Viscosity variations of polyethylene NBS 1476.
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CNRS URA 278 * UNIVERSITE .& ¥, CURIE - PARIS VI * E.S.2.CLL

Version 2.20¢ - MULTIDETECTOR GPC SOFTWARE - revised 09/10/91 J.Lesec

NBS 1476 RESULTS Thu 03 OCT 1991 13:49:10
Polyolefines # 1 RUN # 15 Inj # 16 CODE : INJ 162
DATE : Wed 02 OCT 1991 TIME : 08:34:02 Manual integration
Calibration # 1.33 Number of points: 219 Axial dispersion: YES
MOLECULAR WEIGHTS STANDARD UNIVERSAL g¢'BRANCH.
Peak mol. wt Mp : 124000 50050 .151
Number aver. Mn : 56470 25770 .8
Viscos. aver. Mv : 119700 69290 .732
Weight averag.Mw : 151600 81340 .714
Z average Mz 332700 234300 .547
Polydispersity : 2.68 3.16 <g' o>z
[n] (ml/q) H 98.83 142.3 .654
Log (K} (M-H} : -.4474 -1.309 g' mass:
Alpha (M~H} : .481 .115 1643
REFRACTOMETER C/c : .9772 Peak elution : 33.276 Baseline :-.098578
Area comstant : .977% Conc. (g/mi) : .002314% dn/de : .1085
VISCOMETER Mn : 29090 Peak elution : 32.148 Baseline : 1.1928
[mlarea (ml/g): 91.84 [n]peak(ml/g): 128.3 [(nlexp (ml/g): 93.03
NBS 1476 DISTRIBUTION CURVE Thu 03 OCT 1891 13:49:18
] 1ee
]
.5
]
— S8
M ]
] L -]

ol vrvd ooy vegred oo crennt 0 e
2 3 4 5 [ 7 8

Figure 13 - Numerical results and molecular weight distribution of
polyethylene NBS 1476.
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CNRS RA 278 * UNIVERSITE P.& ¥, CURIE - PARIS VI ~ E.S.P.C.L.

Version 2.20c - MULTIDETECTOR GPC SOFTWARE ~ revised 09/10/91 J.Lesec

DOW 1683 - 3 RESULTS Thu 03 OCT 1991 16:28:49
Polyolefines # 1 RUN # 15 Inj # 12 CODE : INJ 158
DATE : Wed 02 OCT 1991 TIME : 04:29:51 Manual integratiom
Calibration # 1.33 Number of points: 182 Axial dispersion: YES
MOLECULAR WEIGHTS STANDARD UNIVERSAL
Peak mol. wt Mp : 190800 173200
Number aver. Mn : 117300 104400
Viscos. aver. Mv : 229500 210400
Weight averag.Mw : 258300 240200
Z average Mz 484400 467700
Polydispersity : 2.2 2.3
{n] (ml/g) : 76.59 76.85
Log(K) (M-H} s -1.701 ~1.583
Alpha (M—-H) H .669 .652
REFRACTOMETER C/c¢c : .9987 Peak elution : 32.283 Baseline :-.12113
Area constant : .5414 Conc. {g/ml) : .0016379 dn/dc : .0588
VISCOMETER Mn : 100600 Peak elution : 30.961 Baseline : 1,1927
[n]area (ml/g): 74.63 [n)peak(ml/g)}: 99.44 [nlexp (ml/g): 76.17
pou 1683 - 3 DISTRIBUTION CURVE Tha 03 OCT 1991 16:28:55
1 =
F ] 1ee
.8~ — 58
9 : K [}

vl el o el vl gl
4 3 4 5 6 ?

Figure 14 - GPC analysis of broad polystyrene DOW 1683.
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CXRS URA 278 * UNIVERSITE P.& M. CURIE - PARIS VI * E.5.P.C.L,

Version 2.20c - MULTIDETECTOR GPC SOFTWARE — revised 09/10/91 J.Lesec

NBS 706 - 3 RESULTS Thu 03 OCT 1991 16:33:39
Polyolefines # 1 RUN # 15 Inj # 13 CODE : INJ 159
DATE : Wed 02 OCT 1991 TIME : 05:30:53 Manual integration
Calibration # 1.33 Number of points: 203 Axial dispersion: YES
MOLECULAR WEIGHTS STANDARD UNIVERSAL
Peak mol. wt Mp : 243300 220100
Number aver. Mn : 117400 102000
Viscos. aver. Mv : 246400 223800
Weight averag.Hw : 273600 252400
2 average Mz : 462100 442400
Polydispersity : 2.33 2.48
[n] (ml/g) :  81.08 81.28
Log(K) (M-H) : -1.655 -1.51
Alpha (M-H} : .661 .639
REFRACTOMETER C/c : 1.012 Peak elution : 31.733 Baseline :-.11949
Area constant : .5484 Conc. (g/ml) : .0017864 dn/dc : .0588
VISCOMETER Mo : 103700 Peak elution : 30.906 Baselipe : 1.1926
{n]larea (ml/g): 79.94 {n]peak(ml/g): 102.2 [njexp (ml/g): 80.75
NBS 706 - 3 DISTRIBUTION CURVE Thu 03 OCT 1991 16:33:43
- 7 1ee
1 _ -
' 1
SO -
C i
e [} e
o el v v vd cergd oy paved
2 3 4 S 6 ?
Figure 15 - GPC analysis of broad polystyrene NBS 706.
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PMMA 2773 UISCOMETER Fri 02 APR 1993 19:54:29
L a d 11: 37
Iy 12: 104
Np: 68
2
L 4
L -
1 =
bbby bgae byt by s b i by
30 32 4 36
ud= 5.9603 uvi=-.12883 uv2= 8 v3= 9 vi= 8 v5= 9
PMMA 2773 MARK-HOUWINR PLOT Fri 02 APR 1993 19:55:17
11: 37
12: 104
Np: 68
2
L LogtIn)
1 =
c Lag (M)
Lol R N AN A I N ; R R
4 5
Alpha = .69561 LOGCK) =-1.8631

Figure 16 - Viscosity variations of a broad PMMA using 85 pl.
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pMmA 2773 UISCOMETER Fri 02 APR 1993 19:59:06
R I1: 37
gy, 12: 104
M +. Np: 68
z N oy
r ~
L Log(In1) ]
&"Mﬁ &4
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1 X te -
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- + =
= s >+
b— +
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fora byt oot Do b g e beven i paa b g o B
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PMMA 2773 MARK—HOUWINK PLOT Fri 02 APR 1993 20:00:88
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falpha = .6821 LOG(K) =-1.7932

Figure 17 - Viscosity variations of a broad PMMA using 95 pl
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CNRS URA 278 * UNIVERSITE P.k M. CURIE - PARIS VI * E.5.P.C.I.

Version 3.00a - MULTIDETECTOR GPC SOFTWARE - revised 03/17/93 J.Lesec

PMMA 27000 * 2 RESULTS Fri 02 APR 1993 20:06:18
Polyolefines # 1 RUN ¢ 14 Inj # 3 CODE : INJ 133
DATE : Tue Ol OCT 1991 TIME : 19:54:56 Manual integration
Calibration # 1.33 Number of points: 85 Axial dispersion: YES
MOLECULAR WEIGHTS STANDARD UNIVERSAL
Peak mol. wt Mp : 27120 26090
Number aver. Mn : 23870 22540
Viscos. aver. Mv : 25870 24770
Weight averag.Mw : 26290 25320
Z average Nz : 28280 27590
Polydispersity H 1.1 1.12
[n] (ml/qg) H 16 16
Log (K} (M-H) @ -1.443 -1.203
Alpha (M-H) : .6 .548
REFRACTOMETER C/c : 1 Peak elutiom : 36.944 Baseline :-.10396
Area constant : .3006 Conc. {g/ml} : .001814 dn/de : .0307
VISCOMETER Mn : 21480 Peak elution : 36.839 Baseline : 1.1905
[nlarea (ml/g): 16.19 [n]peak(ml/g): 16.83 {n]exp (ml/g): 16
PMMA 27000 = 2 DISTRIBUTION CURVE Fri 02 AFR 1933 20:06:25
3 160
2
56
1
R TR T Lag ()]
9 r ; ,ﬁg'y \_ coonnil o8
wd vl 4ol covl e gl b o] o ol
2 3 4 s 6 ? 8

Figure 18 - GPC analysis of PMMA standard 27,000 using 85 pl.
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Table 1-Comparison of NBS 1475 and 1476 values using either 85 ul or 95 pl.

1475(85ul)  1475(95ul)  1476(85ul) 1476(95pl)
Mn 21,020 20,970 25,770 25,290
Mw 52,810 52,340 81,340 81,300
[n] 105.2 105.3 93.03 92.9

a 0.715 0.710 - -

LogK -1.309 -1.2876

<g> - - 0.654 0.652

using either 85 ul or 95 pl for interdetector volume correction is given in Table 1
for NBS 1475 and 1476.

These differences are very small and quite negligible on broad polymers;
only the viscosity law coefficients change slightly. For narrow polymers, this
change is more significant. Figure 18 represents the analysis of the PMMA
standard 27,000 using 85 pl. Both "standard" and "universal” columns are quite
identical and the determination of molecular weights is good. The Mark-
Houwink a exponent was found 0.55, different from the calibration value 0.695
(Figure 7), but, still an acceptable value for a standard since band broadening
occurs. By comparison, when using 95 pl, the exponent value decreases from
0.55 to 0.46 which shows that narrow standards are much more sensitive to the
correction. They may be used to carefully adjust the interdetector offset, but a
very accurate band broadening correction has to be used.

The system has also been checked with polystyrene standards. Polystyrene
samples are very sensitive to chemical degradation in TCB; the solutions need to
be very well protected by Irganox 1010 and also against degradation by light.
When the proper precautions are not taken, degradation may occur and this is
probably the reason for underestimated values obtained with DOW 1683 and
NBS 706 (Figures 14 and 15). A single universal calibration curve was obtained
using the two sets of standards (PS + PMMA) and is plotted in Figure 19. There
is excellent agreement between both sets of standards, which shows that the
system was running well.

CONCLUSION.

The performance of the DRI prototype #2 is excellent. The changes in
internal geometry correct for the occurrence of the flow fluctuation and its
consequences when the polymer solution flows across the detectors. Contrary to
the previous experiments using a standard DRI, where a peak shift of 100 pl was
observed, the difference between the measured interdetector volume using
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Universal calibration
RI prototype # 2
o0 -+ ultrastyragel™ - TCB 145 °C

e PMMA
o PS

10° L

Log ([n].M)

[
o
©

20 25 30 35 40 45
Elution volume (ml)

Figure 19 - Single Universal calibration with PS and PMMA standards.

Irganox 1010 (95 pl) and the adjusted value (85 pl), to obtain exactly the same
Mark-Houwink exponent with a set of standards and with a broad sample with
the same chemical nature, is very small (10 ).

The interpretation of this 10 pl value is very difficult since this is, at least,
the experimental error on interdetector volume measurement using Irganox 1010
and also the experimental error when adjusting the Mark- Houwink exponent with
a broad sample on the set of standards. This small discrepancy may come from a
very weak residual flow fluctuation but the experimental errors do not allow
conclusive explanation.

Anyway, this very weak difference does not introduce any significant error
on results. Table 1 shows only very minor changes in molecular weights and other
parameters when using either 95 ul or 85 pl for interdetector volume correction.
Even the Mark-Houwink exponent variation, which is at the origin of this study
and of the DRI prototype design, does not vary significantly (from 0.710 to
0.715). The discrepancy value 10 ul is probably the extreme limit of precision we
can expect experimentally, even under the best conditions, and it certainly has no
physical meaning.
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SIMULTANEOUS DETERMINATION OF MONO-,
DI-, AND TRINUCLEOTIDES BY HIGH-
PERFORMANCE LIQUID CHROMATOGRAPHY
USING N-(DANSYL)ETHYLENEDIAMINE AS A
FLUORESCENT DERIVATIZING REAGENT

S. SONOKI, A. SANDA, AND S. HISAMATSU
College of Environmental Health
Azabu University
Sagamihara, Kanagawa 229, Japan

ABSTRACT

A method for simultaneous determination of mono-, di- and trinucleotides with
high sensitivity has been developed. This based on the fluorescent derivatization
of nucleotides by the reaction of 5-dimethylaminonaphthalene-1-[N-(2-
aminoethyl)]sulfonamide (dansylEDA) with the phosphoric acid moiety of
nucleotide, and then the resolution of fluorescent derivatives by high-performance
liquid chromatography with a spectrofluoro monitor. The fluorescent dansyl[EDA
derivatives of nucleotides were separated sharply each other. The detection limits
for dansylEDA derivatives of nucleotides were between 4.7 and 20.3 pmol per 10-
pl injection. This method was applied to analyze the yeast RNA after the
generation of ribonucleoside 5'-monophosphate by nuclease P1 digestion. As a
result, no more than 40 ng of RNA was needed for one analysis, and so such
sensitivity of this method gives an advantage to analyze the RNA in a small scale.

1057
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INTRODUCTION

The analysis of purine and pyrimidine bases, the corresponding nucleosides and
nucleotides is an essential step in many areas of biochemical study. The
development of instrumental analyses such as gas chromatography - mass
spectrometry and high - performance liquid chromatography (HPLC) has made it
possible to analyze precisely the bases, nucleosides and nucleotides (1-8).
Especially, various HPLC methods have been reported for the determination of
these compounds, however, these methods have some disadvantages with respect
to the sensitivity and specificity.

Recently we have reported the procedure with which 2'-deoxynucleoside 5'-
monophosphate (dXmp) was detected with high sensitivity and selectivity (9).
This procedure is based on the fluorescent derivatization by the reaction of 5-
dimethylaminonaphthalene-1-[N-(2-aminoethyl)]sulfonamide (dansylEDA) at the
phosphoric acid moiety of dXmp, then the resolution of these fluorescent
compounds by HPLC. This procedure was successfully applied to the
determination of guanine+cytosine content of DNA (10).

In this report, we describe the application of the procedure to analyze
ribonucleoside 5'-mono-, di- and triphosphates which are essential in biological
metabolism as constituents of RNA and high-energy phosphates.

MATERIALS AND METHODS

Apparatus
A Japan Spectroscopic (JASCO) Model 800-MP-15 high-performance liquid

chromatograph with a JASCO FP-210 spectrofluoro monitor was used.
Chromatograms were recorded on a JASCO Model 805-GI graphic integrator,
while fluorescence spectra were obtained on a JASCO FP-770 spectrofluorometer.
Reversed phase octadecyl-bonded polyvinyl alcohol gel column, Finepak ODP-50
(250 mm x 4.6 mm; Asahikasei, Tokyo, Japan) was used for the separation of
dansylEDA derivatives.
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Chemicals

Adenosine 5'-monophosphate (AMP), Guanosine 5'-monophosphate (GMP),
Cytidine 5'-monophoaphate (CMP), Uridine 5'-monophosphate (UMP),
Adenosine 5'-diphosphate (ADP), Guanosine 5'-diphosphate (GDP), Adenosine
5'-triphosphate (ATP) and Guanosine 5'-triphosphate (GTP) were obtained from
Sigma (St. Louis, MO, U.S.A.). 1-Methylimidazole was purchased from Aldrich
Chemical Company, Inc. (Milwaukee, WI, U.S.A.). 1-Ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDAC) was obtained from
Tokyo Kasei Organic Chemicals (Tokyo, Japan). 5-Dimethylaminonaphthalene-1-
[NV-(2-aminoethyl)]sulfonamide (dansylEDA) was synthesized by the method
described in the previous paper (9). All other chemicals used were of analytical
grade from commercial sources. Standard solutions were prepared separately by
dissolving each of the ribonucleoside 5'-monophosphate {Xmp), ribonucleoside
5'-di- or triphosphates in distilled water to a concentration of 30 mM. Standard
mixture solution was prepared by mixing standard solutions each other to a final

concentration of 3 mM.

Preparation of DansylEDA Derivatives of Mono-, Di- and Trinucleotides
Unless specified otherwise, the following procedure was used. A 10 ul of the

standard mixture solution or biological sample in 200 pl of 1-methylimidazole
buffer (0.1 M, pH 7.5) was reacted with 10 pl of 0.1 M EDAC in 1-
methylimidazole buffer and 40 pl of 50 mM dansylEDA in dimethylsulfoxide. The
reaction was carried out in dark for 18 hr at 27°C.

Chromatographic Conditions

Chromatographic separations of dansylEDA derivatives were performed at a
flow rate of 0.6 ml / min at 40°C. The eluting solvents were: A, 10 mM
phosphate buffer (pH 10.3) - acetonitrile (88 : 12, v / v); B, 10 mM phosphate
buffer (pH 10.3) - acetonitrile (78 : 22, v / v); C, 10 mM phosphate buffer (pH
10.3) - acetonitrile (60 : 40, v / v). Elution was carried out for 10 min with solvent
A, followed by the linear gradient elution system from solvent A to solvent B in 18
min, then solvent C was used for another 10 min. The column effluent was
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monitored fluorometrically at an excitation wavelength of 270 nm and at an
emission wavelength of 546 nm. The separation of non-derivatized Xmp, ATP,
ADP, GTP and GDP was performed at a flow rate of 0.6 mi / min at 25°C with
10 mM phosphate buffer (pH 3.5) as the eluting solvent.

RE TS AND DISC ION

Fluorescence Spectra of DansylEDA Derivatives

After the derivatization of 10 pl of the standard mixture solution containing 30
nmol each of the Xmp, ATP, ADP, GTP and GDP, each fluorescent derivative,
which was separated on the silica TLC plate, was extracted with 70% methanol,
then analyzed. Each derivative of Xmp, ATP, ADP, GTP, and GDP exhibited
similar fluorescence excitation and emission spectra patterns as shown in FIGURE
1. As aresult, the fluorescence intensity was measured using excitation at 270 nm
and emission at 546 nm.

Separation of DansylEDA Derivatives by HPLC
The separation of dansylEDA derivatives of Xmp, ATP, ADP, GTP and GDP

is shown in FIGURE 2. The dansylEDA derivatives were sharply separated from
each other.

Assay Linearity and Detection Limit
The fluorescence intensity of each derivatives was linear over a range of

detection limit up to 580 pmol per 10-pul injection. The detection limits for
dansylEDA derivatives were between 4.7 pmol of dansylEDA-ATP and 20.3 pmol
of dansylEDA-CMP per 10-pl injection at a signal-to-noise ratio of about five..

Assay Precision
Relative standard deviations obtained in 5 measurements for 58 pmol / 10 ul of

dansylEDA derivatives were between 0.89 % of dansylEDA-GTP and 8.56 % of
dansylEDA-CMP, and between 0.97 % of dansylEDA-GTP and 4.78 % of
dansylEDA-CMP for 580 pmol / 10 ul of dansylEDA derivatives.
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FIGURE 1 Fluorescence spectra of the dansylEDA derivative of AMP. All other
derivatives of Xmp, ATP, ADP, GTP and GDP exhibited similar fluorescence
spectra patterns. Emission was measured at an excitation wavelength of 270 nm,
while excitation was measured at an emission wavelength of 546 nin.
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FIGURE 2 Chromatogram of dansylEDA derivatives of mono-, di- and
trinucleotides. Peaks: | = dansylEDA-GTP; 2 = dansylEDA-ATP; 3 = dansylEDA-
GDP; 4 = reaction by-product; 5 = dansylEDA-ADP; 6 = dansylEDA-GMP; 7 =
dansylEDA-UMP; 8 = dansylEDA-CMP; 9 = dansylEDA-AMP.
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40
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FIGURE 3 Effect of the pH in the reaction mixture on dansylEDA derivatization
of mono-, di- and trinucleotides. O, dansylEDA-GTP; @, dansylEDA-ATP; O,
dansylEDA-GDP; M dansylEDA-ADP; A, dansylEDA-GMP; A, dansylEDA-
UMP; ©, dansylEDA-CMP; @, dansylEDA-AMP. Each point represents the mean
of triplicate determinations of the fluorescence intensity of each peak of the
dansylEDA derivative separated on the Asahipak ODP-50 column.

Effect of pH on the Derivatization
The derivatization with dansylEDA was carried out using the procedure

described in the MATERIALS AND METHODS, except that the pH was varied
from 6 to 9. As shown in FIGURE 3, pH 7 in the reaction mixture was found to
be most effective on the derivatization of mononucleotides, on the other hand, pH
7.5 and pH 8 were most effective for dinucleotides and trinucleotides,
respectively. Following an increase of the number of phosphoric acid moiety in
the nucleotide, an increasing of the most effective pH values on the derivatization
was noted, therefore a value of 7.5 was selected as the pH on the derivatization for
the simultaneous analysis of all nucleotides.
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Effect of Reaction Time on the Derivatization Yield

The effect of the reaction time on the derivatization at 27°C was examined over
a period of 8 days. The result shows that the fluorescence intensities of
dansylEDA derivatives increased with the reaction time, then reached the plateau in
one day. Every dansylEDA derivatives were stable throughout the investigation
period without any decomposition.

Application to the analysis of RNA base composition

Yeast RNA in 10 pl of distilled water was heated in a boiling bath for 5 min,
then rapidly cooled on ice. To this was added 10 pl of nuclease P1 (Yamasa, EC
3.1.30.1.) solution prepared by dissolving 2 units of nuclease Pl in 1 ml of
sodium acetate buffer (40 mM, pH 5.3) containing 0.2 mM ZnCl, After

incubation at 50 °C for 1h, Xmp, which was generated by nuclease P1 digestion,

was derivatized directly and analyzed by HPLC. As a result, no more than 40 ng
of RNA was enough for one analysis. This means that this method gives an
advantage to the analysis of RNA which is hard to be prepared from some
biological materials.
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AN IMPROVED HPLC PROCEDURE FOR THE
QUANTITATION OF DICLOFENAC IN PLASMA

F. A. MOHAMED!, H. W. JUN!*, T. H. ELFAHAM?,
H. A. SAYED?, AND E. HAFEZ?
IDepartment of Pharmaceutics
College of Pharmacy
University of Georgia
Athens, Georgia 30602
2Department of Pharmaceutics
Faculty of Pharmacy
Assiut University
Assiut, Egypt

ABSTRACT

A rapid, simple and sensitive high performance
liquid chromatographic (HPLC) assay for the gquantitation
of diclofenac (DF) in dog plasma has been developed.
Mefenamic acid (MA) was used as the internal standard.
After acidification, DF and MA were extracted from plasma

into chloroform. Separation was achieved using a Cl8
reversed phase column. The retention times of DF and MA
were 3.8 and 6.3 min., respectively at the flow rate of

1.5 ml/min. The DF interday standard plots (n=4) were
highly linear (r>0.99) over the concentration range of
0.01 to 10 ug/ml. DF mean recovery was 98% + 5.5, and
the % CV of intra- and inter-day sample analyses ranged
from 2.6 to 10.8% for the entire calibration range. The
limit of quantification of DF in plasma was 0.01 ug/ml
with the CV of 9.4%. The method was applied for the
determination of the pharmacokinetic parameters of DF
given by oral and iv bolus administration to dogs.
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INTRODUCTION

Diclofenac sodium (voltaren, [0-(2,6~
dichloroanilino) -phenyl] acetate) is a nonsteroidal anti-
inflammatory drug (NSAID), available in many countries
since 1974. It is currently marketed in the USA for
treatment of wvarious inflammatory conditions such as
rheumatoid arthritis, osteoarthritis, ankylosing
spondylitis and other related symptoms (1-2). The drug
has also analgesic and antipyretic activities, and is
used for the relief of dental or minor surgical pain and
headache. The anti-inflammatory activity of the drug and
its other pharmacological effects are generally thought
to be related to its inhibition of prostaglandin
synthesis (3). Diclofenac competes with arachidonic acid
for binding to cyclo-oxygenase, thereby decreasing the
synthesis of prostaglandin (3,4).

Diclofenac is rapidly and efficiently absorbed after
oral administration when given as a solution or as an
enteric coated tablet (5,6). The drug undergoes a
significant first-pass metabolism and only about 60% of
the drug reaches the systemic circulation unchanged (5).
The peak plasma concentrations of the drug usually occur
1.5 to 2.5 hrs after oral ingestion in fasting subjects,
while peak times vary widely (2.5-12 hrs) under fed
conditions (7). Diclofenac is eliminated principally by

hepatic metabolism and subsequent urinary and biliary
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excretion (8). 1In healthy volunteers, the mean plasma
clearance of diclofenac is 16 L/hr and the elimination
half-life is approximately 1.5 hr (5,6).

In view of its wide c¢linical use, different
analytical methods have been developed for the
guantitation of diclofenac in pharmaceutical
preparations, blood, plasma, urine and other biological
matrices. These methods include spectrophotometry
(9,10), high performance liquid chromatography (HPLC)
(11-21), gas-liquid chromatography with electron-capture
detector (GC) (22-28), thin layer chromatography (TLC)
(29), radiocactive isotope (30) and GC/mass
spectrophotometry (GC/MS) (31,32). The HPLC methods
reported in the literature (11-21) were often developed
with a simplified sample preparation steps and direct UV
detection without derivatization. Some of these methods
employ a single extraction step (11-15,18), multiple
extraction (16,20) or an automated robotic extraction
(19,21). The HPLC methods that depend on either repeated
extraction or reextraction, although yielding higher
sensitivity, are generally more complex, time consuming
and involve tedious extraction steps (16,20). The GC
with electron-capture detection methods are based on the
formation of an indolone of a methyl or ethyl ester
derivative (22-28). The reported TLC method (29), beside

being less accurate and time-consuming, lacks the
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sensitivity required for pharmacokinetic and
biocavailability studies. The use of radiocactive isotopes
(30) is limited because of the potential hazards of
radiocactivity in man and lack of specificity for the
intact compound.

The aim of this work was to develop an improved
assay of unchanged diclofenac in plasma using HPLC. The
new method is simple and highly sensitive with a limit of
quantitation of 10 ng/ml of DF in plasma, rapidity with
the assay time of approximately 2 hrs for 10 replicate
samples and essentially complete recoveries (>98%) for
the entire calibration range of 10 ng to 10 ug of DF in
ml of plasma. The method also offers specificity without
any interfering peaks near the drug or the internal
standard from common anti-inflammatory drugs or
endogenous plasma components. The inter- and intra-day
reproducibilities as shown by % CV were excellent ranging
from 2.6 to 10.8 for the entire calibration range. The
method was successfully applied for the determination of
the pharmacokinetic parameters of DF in dogs for up to 24
hrs after receiving a single dose of the drug (5 mg/kg)

given by oral and i.v. bolus doses.

EXPERIMENTAL

Chemicals and Reagents

Diclofenac sodium, mefenamic acid, ketoprofen,

ibuprofen, naproxen godium and indomethacin were
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purchased from Sigma Chemical, St. Louis, MO. Aspirin
was obtained from Amend Drugs and Chemical, Irvington,
NJ. Acetonitrile, methanol, chloroform and phosphoric
acid were purchased from J.T. Baker Chemical, Inc.,
Phillipsburg, NJ. The solvents were all of HPLC grade.
Water was deionized and filtered.

Chromatographic Conditions and Equipment

The chromatographic system used consists of a
Beckman Pump (Model 110A), operated at a flow-rate of 1.5
ml/min, a variable-wavelength detector (SpectroMonitor
IIT, Model 1204 A) set at 278 nm, and a fixed volume (50
1l) injector (Rheodyne, Model 7125) and the separation
was achieved on a stainless steel reversed phase Novapak
C,; (150 x 3.9 mm) column (Phenomenex, Model PP/9400 A)
with a C,; pre-column (30-40 um pellicular packing). A
mobile phase consisting of acetonitrile and water (50:50%
V/V) adjusted to pH 3.5 with glacial acetic acid was
degassed using an ultrasonicator (Fisher Scientific,
Model 14). The samples were centrifuged using IEC-
Centrifuge (Damon ISC, Model CU-5000). Vortexing was
achieved by Fisher Mini-Shaker (Fisher Scientific, Model
58) . Chromatograms were recorded on a strip chart
recorder (Esterline Anug, Rainin Instrument Model) at a
speed of 2.5 mm/min.

Standard Calibration Curves
In screw-capped centrifuge tubes, 0.5 ml of dog

plasma was mixed with 10 pgl of the DF reference solutions
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to produce concentrations of 10 ng to 10 pg of DF in ml
of plasma. The tubes were vortexed for 10 sec. After
adding 10 pl of the MA stock solution to each tube to
yield the final MA concentration of 1 ug/ml,
acidification was achieved by adding 50 ul of phosphoric
acid (85.2%) to each tube, then the tubes were vortexed
for 10 sec. The extraction of DF and MA was carried out
by the addition of 3 ml of chloroform to each tube
followed by vortexing for 1 min, then the tubes were
centrifuged for 5 min at 6000 rpm. The organic layer was
transferred into a 4 ml glass tube and evaporated to
dryness under a stream of nitrogen at 45°C. The residue
was reconstituted in 200 pl of the mobile phase and
vortexed for 10 sec. A 50 pl of this solution was loaded
into the HPLC sample loop. The calibration curves were
obtained by plotting the peak height ratios of DF/MA
versus their respective concentrations of DF.
Assay of Dosed Samples

The same extraction and chromatographic procedures
described for the preparation of the calibration plots
were used for the quantitation of DF in the dosed dog
plasma samples excluding the addition of diclofenac
sodium.
Animal Studies

A single dose of 5 mg/kg of diclofenac sodium was

administered to two beagle dogs wvia bolus intravenous



DICLOFENAC IN PLASMA 1071

injection after dissolving in 3 ml of normal saline, and
orally in a gelatin capsule to two other beagle dogs.
After two weeks of washout period, the animals were
crossed-over to receive the other formulation. The dogs
were fasted overnight with water freely available prior
to dose in the early morning and continued fasting for 4
hrs after drug administration. The jugular vein was used
to collect the blood samples (4-5 ml) into commercial
blood collecting tubes containing a standard amount of
anticoagulant (sodium heparin). The blood samples were
obtained at the intervals of 0, 0.33, 0.67, 1, 2, 3, 5,
7, 9, 12 and 24 hrs post dose. Plasma was separated by
centrifugation for 10 min at 2000 rpm and stored in
refrigerator at -20°C until analysis which was usually

done within one week.

RESULTS AND DISCUSSION

Chromatographic Specificity and Sensitivity

Typical chromatograms of (a) blank dog plasma spiked
with mefenamic acid (1 pug/ml) and plasma spiked with the
internal standard and diclofenac sodium (b) 5 ng/ml and
(c) 10 ng/ml are shown in Figure 1. The chromatograms of
plasma sample taken (a) before administration of DF and
plasma taken (b) 12 hrs and (c¢) 24 hrs after oral
administration of DF powder (5 mg/kg) to a beagle dog are

shown in Figure 2. The specificity of the method was
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Figure 1. Typical chromatogram of blank dog plasma spiked with (a-
2) mefenamic acid (1 pg/ml) and plasma spiked with the
internal standard and diclofenac sodium (b-1) 5 ng/ml and
(c-1) 10 ng/ml.

demonstrated by the lack of interferences at the
retention times of DF (3.8 min) and MA (6.3 min). Both
peaks were sharp and symmetrical with good baseline
resolution, thus facilitating accurate measurement of the
peak height ratio. The sensitivity of assay defined as
the minimum concentration that can be quantitated with a
statistically acceptable coefficient of variation (10%)
in the peak height ratio was 10 ng/ml with the CV equal

to 9.4% (see Table 1-A). The minimum detectable amount
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Figure 2. Chromatogram of plasma sample taken at time zero (a) and
plasma taken (b-1) 12 hrs and (c-1) 24 hrs after oral
dose of DF powder (5 mg/kg) to a beagle dog.

defined as the amount in nanograms that gives peak height
of DF equal to twice the background noise at the most
sensitive instrument setting used in the study was 5 ng
of DF.
Selection of the Mobile Phase

A mobile phase consisting of acetonitrile-water
(50:50% V/V) adjusted to pH 3.5 with glacial acetic acid
gave the optimum resoclution of DF and MA with a flow rate
of 1.5 ml/min. According to Sayed et al. (18), the

compogition and pH of the mobile phase drastically



1074 MOHAMED ET AlL.

affected the retention times of the compounds. In this
study, similar results were observed. Increasing the
percentage of acetonitrile decreased the retention times
of the analytes and visa versa. However, an opposite
effect was observed with the pH change, where the
retention times of DF and MA were increased with

increasing the pH.

Selection of the Extraction Solvent

Several organic solvents were initially tested for

the extraction of DF and MA from plasma samples. The
solvents tested were: benzene, chlorobenzene, ethyl
ether, petroleum ether, chloroform, and n-hexane. of

these solvents, chloroform showed the highest recovery
without interfering peaks at the retention times of both
DF and MA. When plasma samples (1 ug/ml) of both DF and
MA were extracted using the above solvents, chloroform
consistently gave the highest peaks for DF and MA at
given concentrations.

Retention Times and Selectivity of the Assay

By using the assay procedure, the retention times of
DF and MA were 3.8 and 6.3 min, respectively. As shown
in Figure 1, there were no interferences due to the
endogeneous plasma components at the retention times of
the drug and the internal standard. The intercepts of

the calibration plots showed no significant deviation
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from zero, indicating that blank plasma has negligible
interference for the analyte. Potential interferences to
the peaks were also evaluated by injecting some common
anti-inflammatory drugs to the HPLC system. Soclutions of
the following drugs (aspirin, ketoprofen, ibuprofen,
naproxen, diclofenac, mefenamic acid and indomethacin
were geparately prepared in the mobile phase and directly
injected onto the HPLC column, and their respective
retention times were 1, 2, 4.3, 2, 3.8, 6.3, and 3.8 min.
Except indomethacin, no compounds tested exhibited the
same retention times of DF and MA.

Linearity of the Calibration Plots

Least-squares analyses of the inter-day calibration
curves gave excellent linear responses to the tested
concentration range (10 ng to 10 ug/ml) of DF in plasma
(Table 1). A typical standard plot of DF in plasma can
be described by the equation: y= 1.87x + 0.049 with a
correlation coefficient (r) of greater than 0.99,
indicating a good fit to the least-squares linear
regression model.

Reproducibility of the Assay

The inter-day reproducibility of the assay was
evaluated by comparing the linear regression analyses of
the four standard plots obtained from spiked dog plasma
samples at four different days over a period of two weeks

(Table 2). Least-squares regression analyses of the
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Table 1-A: Inter-day Reproducibility® of
Calibration Curves of Diclofenac in Dog
Plasma.
Plasma Congc Mean Peak Height % Coefficient of
(ug/ml) Ratio (sD)? Variation, n=4
0.01 0.064 (0.006) 9.37
0.025 0.105 (0.011) 10.47
0.05 0.150 (0.008) 6.00
0.1 0.245 (0.0189) 7.75
0.2 0.388 (0.002) 5.67
0.5 0.983 (0.077) 7.83
1 1.921 (0.063) 3.27
2 3.800 (0.188) 5.21
5 9.433 (0.491) 3.94
10 18.756 (0.670) 3.57

! Determined from four sets of standard curves on four
different days over a period of two weeks.
? standard deviation

Table 1-B: Inter-day Calibration Data.
Calibration Slope® Intercept Correlation
curve! : Coefficient, r
1 1.856 0.027 >0.99
2 1.914 0.086 >0.99
3 1.914 0.008 >0.99
4 1.778 0.096 >0.99

! Prepared over a period of two weeks.
* Mean slope {% CV) = 1.872 ml/ug (3.85)

calibration curves gave linear responses over the tested
concentration range of DF (10 ng to 10 ug/ml). The
average slope of the four standard plots was 1.87 ml/ug
with a standard deviation (SD) equal to 0.064, and a day-
to-day coefficient of variation (CV%) of 3.43, indicating
excellent inter-day reproducibility. The correlation

coefficient (r) was typically higher than 0.99.
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Table 2-A: Intra~Day Reproducibility* of
Calibration Curves of Diclofenac in Dog
Plasma.
Plasma Conc Mean Peak Height % Coefficient of
{pg/ml) Ratio (sD)? Variation, n=3
0.01 0.063 (0.005) 7.46
0.025 0.101 (0.010) 10.89
0.050 0.154 (0.012) 7.79
0.1 0.243 (0.013) 3.26
0.2 0.398 (0.022) 5.52
0.5 1.014 (0.061) 6.01
1 1.924 (0.050) 2.59
2 3.766 (0.098) 2.60
5 9.258 (0.561) 6.05
10 18.238 (0.770) 4.22

! Determined from three sets of standard curves on the
same day.
? standard deviation.

Table 2-B. Intra-Day Calibration Data.
Calibration Slope? Intercept Correlation
Curve’ Coefficient, r
1 1.778 0.082 >0.9%
2 1.746 0.073 >0.99
3 1.821 0.077 >0.99

! calibration curves prepared on the mame day.
? Mean slope (% CV) = 1.782 ml/ug (2.11)

The intra-day reproducibility was determined by
comparing the 1linear regression analyses of three
standard plots obtained from spiked dog plasma samples in
the same day (Table 2). Least-squares regression
analyses of the three calibration curves gave linear
responses in the tested concentration range of DF (10 ng

to 10 ug/ml). The average slope of the three plots were
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1.78 ml/ug with a standard deviation (SD) of 0.038 and a
coefficient of variation of 2.12, indicating good within-
day reproducibility. The correlation coefficient (r) was
also higher than 0.99 for each standard plot.

Recovery of Diclofenac from Plasma

Absolute recoveries of DF and MA from plasma were
determined by comparing peak height ratios of DF/MA from
the extracted plasma samples containing DF (0.01 to 10
ug/ml) to those ratios (DF/MA) obtained from direct
injection of standard solutions prepared in the mobile
phase at equivalent concentrations of DF (0.01 to 10
ug/ml) and the internal standard (1 pug/ml). In Table 3,
the overall mean recovery of the assay was shown to be
98% with a standard deviation of 5.47 and overall
coefficient of wvariation (CV%) of 5.58, indicating
excellent extraction efficiency and reproducibility.

Accuracy and Precisgion of the Assay

Relative recovery data (Table 4) were used to assess
the overall accuracy of the assay. Relative recovery of
DF and MA was calculated by comparing peak height ratios
of DF/MA from the spiked plasma samples containing DF
(0.01 to 10 ug/ml) to those (DF/MA) obtained from the
spiked water at the equivalent concentrations of DF and
MA which were treated with the same procedure. Inter-day
reproducibility of the recovery data were used to

determine the precision of the method. The overall mean
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Table 3: Recoveries of Diclofenac in Spiked Dog

Plasma.
Plaszma Conc % Recovery'? Coefficient of
(pg/ml) Variation, %
0.01 98.2 (9.89) 10.07
0.025 102.8 (7.09) 6.90
0.05 104.1 (3.65) 3.51
0.1 95.3 (7.67) 8.04
0.2 95.4 (5.37) 5.63
0.5 92.7 (7.30) 3.39
1 108.9 (3.69) 7.87
2 92.2 (4.94) 5.36
5 95.1 (5.65) 5.94
10 95.4 (3.87) 4.06

* overall mean recovery (% CV) = 98.0% (5.58)

? Bach value represents the mean % recovery (i SD) of

4-6 samples

Table 4: Inter-day Accuracy and Precision Data for
Diclofenac Assay in Dog Plasma.
Plasma Conc. % Recovery':? Coefficient of
(pug/ml) Variation, %
0.01 $5.81 (4.73) 4.94
0.025 102.93 (6.01) 5.84
0.05 101.87 (3.40) 3.33
0.1 94.42 (7.06) 7.48
0.2 98.45 (5.68) 5.77
0.5 102.93 (5.21) 5.06
1 98.92 (4.18) 4.23
2 $7.36 (5.05) 5.18
5 93.41 (6.82) 7.30
10 96.18 (4.99) 5.19

! Overall mean relative recovery (% CV) = 98.2% (5.43)
2 Bach value represents the mean % recovery (it SD) of 3
samples
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recovery for diclofenac for the calibration samples was
98.2% + 5.31 (sSD). In Table 4, the day-to-day
coefficients of variation were 5.41% at the lower limit
of quantitation (10 ng/ml) and 9.4-3.3% over the entire
concentration range (10 ng-10 ug/ml).

The wvalidation of the method was evaluated by
analyzing DF in spiked plasma samples over the entire
calibration concentration range (10 ng to 10 ug/ml) in a
blind faghion where the analyst did not know the
concentrations of the sample (Table 5). The peak height
ratios of DF/MA were determined and the corresponding
concentrations were calculated using the standard plot of
DF in plasma (Table 1-A). In the blind study, accuracy
and precision were remarkably good as measured by the
overall mean recovery of 99.9% with a mean coefficient
of variation (CV%) of 6.61% in the concentration range of
10 ng-10 pug/ml in plasma as shown in Table 5.

Table 6 summarizes the sensitivity, retention times,
type of extraction solvents, recoveries and the
coefficients of wvariation (CV%) of selected recent
publications describing HPLC analysis of diclofenac in
bioclogical matrices. The proposed method clearly offers
advantages over the existing HPLC procedures with respect
to the extraction times, overall recoveries and inter-
and intra-day variations. For example, Chan et al. (13)

described a HPLC method which was claimed to be superior



Table 5: Validation of Assay for Diclofenac in Spiked
Dog Plasma.

Actual Measured % % %
Conc Conc Recovery Exror! cy
(pg/ml) (pg/ml)
0.01 0.009 90.0 10 9.35
0.025 0.028 112.0 12 4.12
0.05 0.053 106.0 6 4.12
0.1 0.103 103.0 3 5.80
0.2 0.180 90.0 10 1.75
0.5 0.493 58.0 1.5 6.40
1 0.999 99.9 0.1 3.36
2 1.999 99.9 0.05 1.82
5 5.014 100.3 0.28 6.10
10 9.995 99.9 0.05 4.20
1y Ex;:;ar = (Actual Conc - Measgured Conc)/Actual Conc x

* % CV = Standard Deviation/Mean x 100

Table 6: Comparison of the Proposed Method with Published HPLC Methods of
Analysis of Diclofenac in Biological Matrices.

Method Sensi- Retention Extraction Extrac- Mean cv
tivity Time Time tion Recovery (%)
(ng/ml) (min) (min) Solvent (%)
Proposed 10 3.8 6 (1*+5%) Chloro- 98 5.5
Assay form
Nielsen- - 10.1 5 ppt* - -
Kudsk with
(1980) aceto-
nitrile
Yaginuma - 5.8 12 (10%+2%) Benzene - -
(1981)
Chan 5 3.9 25 (15*+10%) Hexane - 95 8.2
(1982) IpAd
Godbillon 10 5.8 20 (10%+10°) Hexane- 98 3.1
(1985) IpAY
Battista - ~28 repeated Diethyl - -
(1985) ether
El-sayed 25 6.5 11(1*+10°) ppte 90-98 2.5~
(1988) with 4.6
aceto-
nitrile
Mascher 10 ~1.5 reextrac- Heptane 78 2-12
(1989) tion Ipad
Grandjean 20 2 8 (3%+5") Hexane- - -
(1989) IPAd
Brunner 5 2 30 (15%*+15%) Hexane- 99.8 0.5-
(1991) IpAad 11.1

Shaking Time
Centrifugation Time
Precipitation
Isopropyl Alcohol

ma o
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to other methods for analysis of DF in plasma. However,
the reproducibilities as indicated by the coefficients of
variation which were 20% at 5 ng/ml (three replicate
samples analyzed) and 22% at 10 ng/ml (four replicates)
were relatively low. The recoveries reported for the
calibration range varied widely between 67% and 144%. In
addition, the analytical procedure was relatively tedious
involving 15-min shaking for extraction prior to freezing
the aqueous layer by dipping the tubes into a dry ice
bath. The method described by Godbillon et al. (15),
Battista et al. (16), Sayed et al. (18) and Mascher (20),
despite their high sensitivity, are rather complex and
time consuming as compared to the proposed assay (Table
6). While having very high sensitivity (20 ng/ml and §
ng/ml, respectively), the automated methods described by
Grandjean et al. (19) and Brunner et al. (21) required
longer extraction times than the current method.
In Vivo Application of the Assay

Figure 3 shows the individual plasma concentration-
time profile of a single dose (5 mg/kg) of DF given to
four adult beagle dogs wvia oral route. The drug was
rapidly absorbed after oral administration as indicated
by the short peak time (~20 min). After the peak
concentration, the plasma levels of DF exponentially
declined following both iv bolug and oral administration.

The pharmacokinetic parameters of DF in the dogs after iv
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Figure 3. Plasma concentration versus time profile of diclofenac
after a single oral dose (5 mg/kg) to four dogs.

bolus administration were calculated using the computer
program (R-Strip) for the equation:

C = pe™ + Aeft
The two half lives of the biexponential equation were
0.54 and 6.98 hr for a and 8§ phases, respectively.

The pharmacokinetic parameters after the oral
administration of DF to four dogs were calculated after
fitting to the two-compartment model using the same
computer program. These data are shown in Table 7. The
mean peak plasma concentration (C,,) was found to be 78.2

pg/ml (+ 12.5 8SD). The time required to reach this
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Table 7: Pharmacokinetic Parameters of Diclofenac after Oral
Dose (5 mg/kg) to Dogs Based on the Two-Compartment
Model.
Parameter Dog A Dog B Dog C Dog D Mean sp*
AuUCc? 183.84 188.73 223.69 199.48 199.48 17.41
(ug.hr/ml)
MRT (hr) 4,35 4.65 5.89 4.43 4.83 0.71
CL, 0.14 0.15 0.16 0.16 0.15 0.01
(L/hr/kg)
vd,, (L/kg) 1.12 1.03 1.36 0.94 1.11 0.18
F? (%) 57.38 71.29 69.64 68.42 66.68 6.31
Conx (g /ml) 86.17 82.41 58.10 86.13 78.21 12.52
Epax (BT} 0.33 0.33 0.66 0.01 0.44 0.19

! Standard deviation
? AUC over 0-24 hr
* F = AUC,,,/AUC,, x 100

concentration (t,,,) was 0.4 hr (+ 0.19 SD). The absolute

bicavailability (%F) was calculated from the equation:
F = AUC,.,/AUC,, x Dose;,/Dose_,, x 100

The mean % F was 66.7 (+ 6.31 SD). The relatively low

value of F is attributed to a significant first pass

metabolism of the drug (2,3).

CONCLUSIONS
The HPLC method described herein has sufficient
sensitivity to determine the pharmacockinetic parameters
of diclofenac in plasma following a single oral or iv
bolus dose in a usual therapeutic range. The method is
simple, rapid, accurate, and reproducible, representing
a significant improvement over many of the recently

published HPLC methods for the quantitation of this drug
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in plasma. The pharmacokinetic parameters of diclofenac
after a single oral or iv bolus administration (5 mg/kg)

in dogs were determined.
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RAPID REVERSED PHASE HIGH
PERFORMANCE LIQUID CHROMATOGRAPHIC
ASSAY METHOD FOR RANITIDINE
HYDROCHLORIDE IN DOSAGE FORMS

C. A. LAU-CAM, M. RAHMAN, AND R. W. ROOS#*
College of Pharmacy and Allied Health Professions
St. John’s University
Jamaica, New York 11439

ABSTRACT

A HPLC method with photometric detection has been
developed for the rapid assay of ranitidine hydrochloride
in dosage forms and samples from tablet dissolution test-
ing. This method also separates ranitidine from its re-
lated compound ranitidine S-oxide. Analyses were carried
out on a Microsorb-MV Cl18 column, with a (1:1) mixture of
methanol-0.01 M Na,HPO, (pH 7.0) as the mobile phase, and
detection at 320 nm. ﬁt a flow rate of 1.0 mL/min, typi-
cal retention times for ranitidine and its S-oxide con-
pound were 3.50 min and 1.95 min, respectively. Detector
responses were linearly related to on column concentra-
tions of ranitidine and ranitidine S-oxide in the ranges
0.035-9.000 ug and 0.005-0.320 ug, respectively. Recov-
eries of ranitidine from spiked synthetic formulations
simulating tablets, injections and syrups ranged from 99.7
+ 0.5% to 100.5 * 0.5% of the added amount (n = 2). For
assay purposes, tablets were extracted into or liquid
samples (injections, syrups) were quantitatively diluted
with methanol-water (1:1), and the solutions were injected
onto the column. Samples from tablet dissolution tests
required no preliminary preparation. Assay values by the
proposed method were found to agree closely with those ob-
tained using methods in the USP XXII.

*Present address: Food and Drug Administration, New
York Regional Laboratory, Brooklyn, NY 11232.
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INTRODUCTION

Among analytical techniques suggested for the deter-
mination of the quality and purity of the H,-receptor an-
tagonist ranitidine hydrochloride as a raw material, in
commercial dosage forms and in extemporaneously-made par-
enteral solutions, HPLC is probably the one that has re-
ceived the most extensive use (1-8). For example, the
stability of ranitidine hydrochloride in total parenteral
nutrition (TPN) solutions has been verified with a rever-
sed phase (RP) HPLC method entailing a C, column, various
ratios of acetonitrile-phosphate buffer (pH 6.8) as the
eluent, and detection in the ultraviolet range (1). By
switching to a C;g column and adding an ion-pairing rea-
gent to the mobile phase, this method was subsequently
modified to monitor the stability of ranitidine in TPN
solutions (2) and in frozen and refrigerated solutions for
injection (3). For both methods, however, neither full
experimental details nor their applicability to the analy-
sis of commercial dosage forms or of ranitidine related
compounds have been described. A later, simpler approach
has been based on the use of a C;g RP-HPLC column, a meth-
anol-water mobile phase and detection at 221 nm. Although
this method permitted a complete analysis of ranitidine in
tablets and injections to be completed in less than 3 min-
utes, it required the column to be maintained at 50°C
throughout the experiment to ensure resolution of the
analyte from the recommended internal standard; in addi-

tion, the ability of this method to separate ranitidine
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from any of its related compounds has not been documented
(4). An alternative method, possessing both quantitative
and stability-indicating capabilities, has relied on the
use of an nonpolar column and photometric detection (5),
but the utility of this approach in the analysis of dosage
forms other than tablets and injections or of related com-
pounds has not been investigated.

More recently, two HPLC methods have been described
for the quantification of ranitidine and ranitidine re-
lated compounds in raw material samples (6,7) and tablets
(7). One of these methods (7), requiring the use of a
methanol-0.1 M aqueous ammonium acetate mobile phase, an
ODS column, and detection at 322 nm, has been adopted by
the USP XXII (8) for the assay of ranitidine and its tab-
lets and injections. In addition, this method permits the
separation of ranitidine from related compound C (rani-
tidine S-oxide), reported to occur both as a degradation
product (6) and as a metabolite (9). For optimal reso-
lution between the ranitidine peak and the ranitidine s-
oxide peak, it is specified that the ratio of the mobile
phase components as well as the flow rate be kept within
certain limits. In our experience, this method is specif-
ic and accurate; but changing the brand of C;g column used
may, in some cases, necessitate the composition ratio and
flow rate of the original mobile phase to be significantly
altered in order to maintain baseline resolution, reason-
able elution times and minimal peak tailing. The purpose
of this report is to describe a simple and specific iso-

cratic RP-HPLC method for the determination of ranitidine
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hydrochloride in pharmaceutical samples. This method sep-
arates ranitidine from its S-oxide compound in less than 5
minutes, shows good reproducibility from column to column,
and is well suited for the assay of ranitidine in commer-—

cial liquid and solid dosage forms.

EXPERIMENTAL

samples and Materials

Ranitidine hydrochloride and ranitidine S-oxide were
a generous gift from the manufacturer (Glaxo Pharmaceuti-
cals, Research Triangle Park, NC). They were dried to
constant weight prior to use. Several lots of ranitidine
hydrochloride tablets (150 and 300 mg), injections (25
mg/mL) , and syrups (15 mg/mL) were obtained from local
commercial sources. Solvents for chromatographic analysis
were of HPLC grade (J.T. Baker); the methanol for dilu-
tions, H,PO,, and Naj,HPO, were of analytical reagent grade
(Mallinckrodt).

Sample Preparations

a. Ranitidine hydrochloride standard preparation -
An accurately weighed quantity of ranitidine hydrochloride
(about 75 mg) was dissolved in and quantitatively diluted
with methanol-water (1:1), to obtain a preparation con-
taining 75 pg/mL of ranitidine hydrochloride. The stand-
ard preparation for tablet dissolution testing assays was
prepared in identical manner, except that the final con-

centration of ranitidine hydrochloride was 150 ug/mL.
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b. Ranitidine hydrochloride and ranitidine S-oxide
preparation - Accurately weighed quantities of ranitidine
hydrochloride and ranitidine S-oxide were dissolved in
methanol-water (1:1), to yield a preparation containing
these compounds in concentrations of about 75 pg/mL and
2 ug/mL, respectively.

c. Tablet preparation - A group of 10 ranitidine
hydrochloride tablets was weighed and ground to a fine
powder. An accurately weighed quantity of powder, equi-
valent to about 150 mg of ranitidine hydrochloride, was
transferred to a 100 mL volumetric flask, extracted with
about 50 mL of methanol-water (1:1) with the aid of soni-
cation for 10 min, and diluted to volume with the same
solvent. The suspension was filtered, and a 5 mL portion
of the filtrate was gquantitatively diluted with methanol~-
water (1:1) to 100 mL.

d. Liquid dosage form (injection, syrup) prepara-

tion - An accurately measured volume of injection or

syrup, equivalent to about 75 mg of ranitidine hydro-
chloride, was transferred to a 50 mL volumetric flask,
diluted to volume with methanol-water (1:1), and mixed.
A 5 mL portion of this solution was transferred to a 100

ml, volumetric flask, diluted with methanol-water (1:1) to

volume, and mixed.

e. Tablet dissolution testing preparation - Six
tablets from each lot were tested according to the disso-
lution method for ranitidine hydrochloride tablets of USP
XXII, i.e., apparatus 2, 900 mL of water as the dissolu-

tion medium, 37°C, and stirring at 50 rpm for 45 min. A
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portion of the dissolution medium was filtered through a

0.45 um membrane filter prior to HPLC analysis.

synthetic Preparations

a. Synthetic tablet preparation - Prepared by soni-

cating ranitidine hydrochloride (75 or 150 mg), a (1:1:1)
mixture of lactose-starch-magnesium stearate (250 mg) and
50 mL of methanocl-water (1:1) in a 100 mL volumetric flask
for 10 min. After dilution to volume with the same sol-
vent, and mixing, the suspension was filtered. A portion
of the filtrate was quantitatively diluted with methanol-
water (1:1), to give a preparation containing a concen-
tration of ranitidine hydrochloride similar to that of the
standard preparation.

b. Synthetic injection preparation - Prepared in
a volumetric flask with water, to contain 25 mg of raniti-
dine hydrochloride, 5 mg of phenol, 2.4 mg of Na,HPO,;, and
0.96 mg of KH,PO, in each mL. A portion of this solution
was quantitatively diluted with methanol-water (1:1) to a
final concentration of ranitidine hydrochloride similar to
that of the standard preparation.

c. Synthetic syrup preparation - Prepared in a vol-
umetric flask, by dissolving ranitidine hydrochloride in
simple syrup to a concentration of 15 mg/mL. A portion of
this solution was quantitatively diluted with methanol-wa-
ter (1:1), to give a preparation containing a concentra-
tion of ranitidine hydrochloride similar to that of the

standard preparation.
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HPLC Method

a. Apparatus - Consisting of a Series 10 liquid
chromatograph and a LC 90 UV spectrophotometric detector
(Perkin-Elmer Corporation), connected either to a strip
chart recorder (Knauer) or a ChromJet electronic integra-
tor (Spectra-Physics). Samples were introduced through a
sample injection valve fitted with a 20 yuL sample loop
(Rheodyne) .

b. Chromatographic conditions - Separations were
performed on a 15 cm X 4.6 mm i.d., Microsorb-MV C18, 5
gm, column (Rainin). Elutions were carried out with a
(1:1) mixture of methanol and 0.01 M Na,HPO, (previously
adjusted to pH 7.0 with H4;PO,), filtered and degassed
prior to use. The flow rate was 1.0 mL/min, and the de-
tection wavelength was 320 nm.

c. Calculations - The quantity of ranitidine hydro-
chloride in the sample preparation analyzed was calculated
using one of the following equations:

ng/tablet = (Rsp/Rst) X Cx 2 x (A/W)
mg/mL liquid dosage form = (Rsp/Rst) x (C/V)

% dissolved = (Rsp/Rst) X S xMzx (0.1/D)
where RSp and Rgy = the peak responses for the sample
preparation and the standard preparation, respectively;

C = the amount of ranitidine hydrochloride in the stand-
ard preparation, i.e., 75 pg/mlL; A = the average tablet
weight, mg; W = the weight of sample taken for the assay,
mg; V = the volume of injection or syrup taken for the
assay, mL; S = the amount of ranitidine in the standard

preparation for the tablet dissolution test assay, i.e.,



1096 LAU-CAM, RAHMAN, AND ROOS

150 pg/mL; M = the total volume of dissolution medium
used, mL; and D = the amount of ranitidine hydrochloride

declared per tablet, mg.

RESULTS AND DISCUSSION

The spectrophotometric detection of ranitidine and
ranitidine S-oxide in HPLC analysis has been performed
usually at 320-322 nm (1-3,5-8), but also at 220-228 nm
(4,9). Although the present study verified peak responses
at 320 nm not to be significantly different from those ob-
tained at 228 nm, the former wavelength was preferred over
the latter to ensure greater selectivity in the presence
of potentially interfering peaks from excipients or addi-
tives in the dosage form. Moreover, elutions could also
be monitored at 254 nm but with a 2-fold (ranitidine S-
oxide) to 2.7-fold (ranitidine) decrease in sensitivity.

The effects of certain mobile phase-related factors
such as pH of the buffer component, the ratio of the or-
ganic component to the buffer component, and the flow
rate on resolution, R, and peak tailing, T, were system-
atically evaluated to achieve optimum resolution between
ranitidine and its S-oxide compound. Ranitidine S-oxide
is a degradation product of ranitidine which has also been
used as part of the system suitability test for the HPLC
analysis of ranitidine in pharmaceutical samples (7,8).

As shown in Figure 1, by maintaining the ratio of methanol
to phosphate buffer in the mobile phase constant at (1:1)

and increasing the pH of the phosphate buffer in a step-
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Figure 1. Effect of the pH of the 0.01 M Na,HPO
solution on resolution, R, between ranitidineé ané
ranitidine S-oxide peaks. All experiments were con-
ducted using a (1:1) methanol-0.01 M Na,HPO, mix-
ture flowing at 1.0 mL/min.

wise manner, R increased with increasing pH of the phos-
phate component, to become > 3.0 at pH 2 6.0 and maximal
at pH 7.0. The effect of the concentration of methanol on
R was studied using ratios of methanol to phosphate buffer
(pH 7.0) in the mobile phase between (40:60) and (65:35).
In this manner, separations with R > 2.5 and requiring
less than 5 min were obtainable with a mobile phase com-
posed of methanol-0.01 M NajyHPO, (pH 7.0) in a (1:1 to
3:2) ratio (Figure 2) and flowing at the rate of 1.0-2.0
mL/min. The use of lower ratios resulted in elutions that

were much slower and in some peak tailing. Assays were
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Figure 2. Effect of the percentage of methanol in
the mobile phase on resolution, R, between raniti-
dine and ranitidine S-oxide peaks. All experiments
were conducted at a flow rate of 1.0 mL/min.

routinely performed using a methanol to 0.01 M phosphate
buffer (pH 7.0) ratio of (1:1) and a flow rate of 1.0 mL/
min. These conditions were found to produce equivalent
results when the analysis was repeated on either a uBonda-
pak Cqg (Waters) or an Econosphere C;g (Alltech) column.
Typical chromatograms, obtained using the recommended
conditions, are shown in Figure 3.

To verify the linearity of the proposed method, peak
responses (heights or areas) at 320 nm were assessed using
serial dilutions of stock solutions of ranitidine hydro-
chloride (450 pg/mL) and ranitidine S-oxide (16 ug/ mL) in

methanol-water (1:1). Peak responses were found to be
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Figure 3. Typical high-performance liquid chroma-
tograms of (a) a standard preparation of

ranitidine plus ranitidine S-oxide, and (b) a
tablet sample. Flow rate was 1.0 mL/min; for
comparative purposes, a chromatogram recorded at
1.5 mL/min is shown in the inset. Ranitidine is the
slower eluting peak.

linearly related to on column concentrations of raniti-
dine and ranitidine S-oxide between 0.035-9.000 ug (n = 2,
r = 0.999) and 0.005-0.32 ug (n = 2, r = 0.999), respec-
tively, with the curves passing through the origin. The
precision of the proposed method was evaluated by measur-
ing peak heights and peak areas following multiple injec-
tions of a standard preparation containing about 56 ug/mL
of ranitidine and 1 ug/mL of ranitidine S-oxide. Based on
peak heights from 6 consecutive injections, the RSD val-
ues for ranitidine and its S-oxide were 0.92% and 0.02%,

respectively; the RSD values for the corresponding areas
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were 1.40% and 1.26%, respectively. Accuracy was evalu-
ated by spiking synthetic formulations, prepared to simu-
late tablets, injections and syrups, with known amounts of
ranitidine and subjecting the samples to the assay proce-
dure described for commercial dosage forms. As shown in
Table 1, mean recoveries (n = 2) of ranitidine hydrochlo-
ride from the various synthetic formulations were, in all
cases, not less than 99.0% of the added amount.

The application of the proposed method to the assay
of commercial dosage forms yielded the results summarized
in Table 2. These results, representing the mean values
of duplicate determinations, were in turn compared with
those obtained by the HPLC method of USP XXII (8). Since
the syrup sample is not listed in the official compendium,
this dosage form was analyzed in the same manner as the
injections. Intermethod differences for 150 and 300 mg
tablets ranged from 0.7-2.6% of declared; for injections
and syrups, the differences were about 1.45% and 1.35% of
declared, respectively. All samples complied with the
official requirements for drug potency, and were found to
be free of contamination with the S-oxide or any other re-
ported related compound (6,8). Furthermore, the proposed
method was also useful to measure the amount of ranitidine
released during the course of the USP XXII tablet dissolu-
tion test. The assay results for two sets of 150 mg tab-
lets and one set of 300 mg tablets are shown in Table 3.

A comparison of these results with those derived using the
official spectrophotometric method indicated the existence

of a close agreement, with the intermethod differences
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Table 1

Results of recovery studies of ranitidine hydrochloride
from synthetic dosage forms by the proposed HPLC method

Ranitidine hydrochloride found, % of added

Synthetic
formulation Run 1 Run 2 Mean SD
Tablet, 150 mg 99.0 100.0 99.5 * 0.5
Tablet, 300 mg 100.5 99.5 100.0 + 0.5
Injection,

25 mg/mL 99.0 98.9 98.9 + 0.2
Syrup, 15 mg/mL 101.0 100.0 100.5 + 0.5

ranging from 0.2-1.7% of dissolved in 45 min. All tablets
conformed to the USP XXII dissolution requirements. Tab-
let excipients or additives did not interfere with the
proposed assay method.

In conclusion, the HPLC method presented here will
permit the analysis of ranitidine hydrochloride in com-
mercial solid and liquid dosage forms and in tablet dis-
solution samples in a rapid, specific and quantitative
manner, and by using uniform experimental conditions. In
comparison with compendial HPLC methods for tablets, in-
jections and tablet dissolution samples of the title drug,
in the proposed method all samples for analysis were pre-
pared in methanol-water rather than in the mobile phase,

the new chromatographic conditions met all of the official



1102 LAU-CAM, RAHMAN, AND ROOS

Table 2

Determination of ranitidine hydrochloride in commercial
dosage forms by proposed HPLC meghod and USP XXII HPLC
method?d-

Ranitidine hydrochloride. % of declared

Proposed method USP XXITI method
Lot
No. Run 1 Run 2 Mean Run 1 Run 2 Mean
Tablets, 150 mg/tablet
1 99.5 101.3 101.3 99.3 98.7 29.0
2 103.0 103.7 103.7 101.0 100.4 100.7
Tablets, 300 mg/tab
1 102.9 101.8 102.3 102.3 100.5 101.4
2 98.9 99.9 99.4 100.1 100.1 100.1
Injections, 25 mg/mL
1 108.6 108.6 108.6 107.6 106.8 107.2
2 106.0 106.0 106.0 105.0 104.0 104.5
Syrups, 15 mg/mL
1 100.0 102.4 101.2 101.7 102.5 102.6
2 103.2 102.6 102.9 102.5 100.7 101.6
Ausp XXII ranges for tablets and injections = 90.0
to 110.0%

The syrup is not listed in USP XXII.



RANITIDINE HYDROCHLORIDE IN DOSAGE FORMS 1103
Table 3

Assay results (% found) for tablet dissolution test
samples by proposed HPLC method and USP XXII
spectrophotometric method?®

150 mg 150 mg 300 mg
(Lot 1) (Lot 2)
Tablet
No. HPLC Usp HPLC uUsp HPLC UsP
1 99.5 99.8 94.4 87.6 93.4 93.1
2 90.5 91.9 90.0 93.0 101.7 99.0
3 92.8 92.6 98.9 99.7 104.2 102.6
4 100.4 101.8 92.8 94.9 96.1 95.5
5 98.0 94.8 94.7 94.7 99.5 99.7
6 97.8 96.5 95.7 94.0 99.5 98.6
Mean 96.4 96.2 93.9 95.6 99.1 98.1
SD 3.91 3.96 3.41 2.50 3.86 3.33

Aysp XXII tolerances: not less than 80% of the labeled
amount of ranitidine is dissolved in 45 min.

system suitability requirements for the HPLC assay of
ranitidine, and peak elution times at similar flow rates
were shorter. Moreover, the proposed method yielded assay
results that agreed well with those obtained using methods

in the USP XXII.
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ABSTRACT

Enantiomeric separation of racemic phenglutarimide (PG) by chiral high performance liquid
chromatography is reported using cellulose tris (3,5-dimethylphenyl carbamate) known as
Chiralcel OD chiral stationary phase. Maximum resolution (Rg) of 1.26 is obtained for the
enantiomers of PG. The method could be applied for preparative scale chromatography

and in the assay of PG in biological fluids.

I. INTRODUCTION

Phenglutarimide (PG), chemically known as (t)-3-(2-diethylaminoethyl)-3-phenyi-

piperidine-2,6-dione, is an anticholinergic agent with actions and uses similar to those of

*  Presented at the 44th Pittsburgh Conference and Exposition, Atlanta, Georgia, USA,
8-12 March 1983.
** Author to whom correspondence should be addressed
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benzhexol. It was formerly used also in the treatment of Parkinsonism [1].
Phenglutarimide possesses a chiral carbon at Cg and is administered as a racemic mixture
of (+)-S and (-)-R enantiomers as shown in Figure 1. Most of the pharmacological clinical
efficacy and metabolism in rat and man has been studied on the racemic mixture and not
on the individual enantiomers [2-10]. Recently, Lambrecht et al [11] reported the
extremely high stereoselectivity and high affinities for the (+)-S-enantiomer PG as
compared to the (-)-R-enantiomer to three muscarinic receptor subtypes namely, M4, My
and M3. It was found that the (+)-S-PG to be a potent Mq-selective antagonist as
compared to (-)-R-PG.

Described here is a simple, isocratic method for the enantioseparation of the racemic
mixture of PG. Effective resolution is achieved on cellulose tris (3,5-dimethylphenyi
carbamate) chiral stationary phase (CSP), known as Chiralcel OD. Furthermore,
preliminary evaluation of the chiral recognition-structure relationships, involved in the
enantioseparation of structurally related drugs having piperidine-2,6-dione ring system on

this cellulose CSP is discussed.

2. EXPERIMENTAL

2.1 Apparatus

The Waters Liquid Chromatography System (Waters Associates, Milford, MA, USA)
consisted of a Model M-45 pump, a UBK injector, and a Lambda-Max Model 481 LC
spectrophotometer UV detector operated at 257 nm. The stationary phase  Chiralcel OD
analytical column of cellulose tris-3,5-dimethyipheny! carbamate, (25cm x 0.46cm, i.d.;
Daicel Chemical Industries, Tokyo, Japan) coated on silica gel with particle size 10 um was

used.
2.2 Chemicals

Racemic PG was obtained from Professor P. J. Nicholls, Welsh School of Pharmacy,
Cardiff, U.K. and the corresponding (+)-S and (-)-R PG as hydrochioride salts were
supplied by Professor Dr. J. Knabe, Institute of Pharmaceutical Chemistry, University of
Saarland, Saarbriicken, Germany. HPLC grade hexane, 2-propanol were obtained from

Fisher Scientific, Fairlawn, NJ, USA.
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Fig. 1. The structures of the enantiomers of phenglutarimide.

2.3 Chromatographic Conditions

The maximum and symmetrical stereochemical resolution of PG was obtained using
hexane and 2-propanol (70:30) on Chiralcel OD column. Flow rate was 1.0 ml/min. and
chart speed was 0.5 cm/min. A temperature of 23°C was maintained throughout the
experiment. Detection was obtained at UV 257 nm with a sensitivity range 0.01 aufs.
Sample amount injected was 2.0 nmole for racemic PG and 1.0 nmol for its corresponding

individual enantiomers.
2.4 Determination of Enantiomeric Elution Order

The enantiomeric elution was determined by chromatographing the individual enantiomers
(-)-R-and (+)-S-PG separately under the same conditions. Thus, the peak that eluted with
the lower capacity factor was identified as (+)-S-PG and the one that eluted with the higher
capacity factor was identified as (-)-R-PG.

3. RESULTS AND DISCUSSION

The method described here is the first reported in literature where PG enantiomers can be
directly resolved using cellulose (tris 3,5-dimethylphenyl carbamate) CSP. A typical
chromatogram of the enantioseparation of racemic PG is shown in Fig. 2. By comparison
the chromatogram and the capacity factor of individual enantiomers, the peak which
eluted at a lower capacity factor (kq=1.11) was identified as the (+)-S-enantiomer, (Fig.
3a) and the peak with the higher capacity factor (ky=1.66) as the (-)-R-PG (Fig. 3b). The
stereochemical separation factor (@) was 1.50. The maximum stereochernical resolution

factor (Rg) was 1.26.
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(+)-S-PG

3.19

START ' STOP

Flg. 2 Enantiomeric HPLC separation of racemic phenglutarimide.
Column: Chiralcel OD (250 x4.6mm i.d.); mobile phase:
hexane: 2-propanol (70:30); flow rate: 1 mi/min; chart
speed: 0.5cnvmin.; temperature: 23°C; detector: UV 257nm;
sensitivity 0.01 AUFS; sample amount 2 nmol.

This cellulose-derived chiral stationary phase has been successfully used for direct
separation of several piperidine-2,6-dione analogs namely aminoglutethimide [12],
cyclohexylaminoglutethimide [13], 1991), pyridoglutethimide [14] and glutethimide [15]. It
is of interest to mention that regardless of the absolute configuration of the substituents at
C, of the piperidine 2,6-dione drug chromatographed the levorotatory enantiomers did
elute first followed by the dextrorotatory enantiomer with the exception of PG where the
(+)-S enantiomer did elute first followed by (-)-R enantiomer. This could be rationalized by
the effect of non-aromatic basic substituent 2-diethylaminoethyl group at Cg of the
piperidine-2,6-dione ring system of PG which might have caused the reversal enantiomeric
elution order of PG enantiomers contrary to the other analogs separated on the same CSP
where the non-aromatic substituent at C5 are more hydrophobic in nature being of

hydrocarbon residue. It is obvious that the non-aromatic substituent and C, in this
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Fig. 3 (a) Chromatogram of (+)-(S}-phengiutarimide.
{b) Chromatogram of (-)-(R)-phenglutarimide

Conditions were the same as in Fig. 1 except
sampie amount was1 nmol.

piperidine-2,6-dione series does play an important role as to the determination of the

elution order of the individual enantiomers.

4. CONCLUSION

The direct stersochemical separation of racemic PG was achieved on commercially
available cellulose 3,5-dimethyiphenyl! carbamate under isocratic conditions. This method
could be applied on a preparative scale for the preparation of a large quantity of PG
enantiomers by using the preparative Chiralcel OD column which is commercially available.
Furthermore, since the method is simple and fast it can be adopted to quantitate the
enantiomers of PG in biological fluids for further pharmacokinetic and pharmacodynamic

studies which is in progress.
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ABSTRACT

An isocratic separation of five porphyrin carboxylic acids using conventional
mobile phase conditions was achieved on a commercially available y-cyclodextrin bonded
phase within 30 minutes. The effects of pH, ionic strength, organic modifier as well as the
retention and separation mechanisms are discussed. The direct determination of porphyrin
levels in blood serum is also discussed.

INTRODUCTION

Polycarboxylated porphyrins are intermediate metabolites of heme biosynthesis (1).
Excessive production and excretion of porphyrins in biological fluids is a sign of
disturbances of the heme biosynthetic pathway (2). These disorders can be inherited or
caused by exposure to some toxic chemicals. Determination of relative levels of
porphyrins in biological fluids, e.g. urine, stool, or blood, is essential for diagnosis of
various porphyrias, lead poisoning, and iron deficiency anemia (3). In normal urine, five
porphyrins may be found, containing four to eight carboxylic acid groups, namely copro-,

pentacarboxyl-, hexacarboxyl-, heptacarboxyl-, and uro-porphyrin (Table 1).
1111
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Table 1. Structures of porphyrins used in this study.

2 _
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18 A 12

17 13
Porphyrins Side-chain substitution

2 3 7 8 12 13 17 18
Uroporphyrin I A P A P A P A P
Heptacarboxylporphyrin I M P A P A P A P
Hexacarboxylporphyrin I (cis) M P M P A P A P
Hexacarboxytporphyrin I (trans) M P A P M P A P
Pentacarboxylporphyrin I M P M P M P A P
Coproporphyrin I M P M P M P M P

A=-CHpCOOH; P =-CH3CH,COOH; M = -CHj3

Various chromatographic techniques have been developed to determine free

porphyrin carboxylic acids. Among these methods, high-performance liquid

chromatography (HPLC) is a preferred technique due to its efficiency, sensitivity,

simplicity and easy quantitation (2,4).

Both normal phase and reversed-phase modes have been tried. In the normal

phase mode, an aminopropyl-bonded silica phase was used for the separation of
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porphyrins (5). Routinely, normal phase procedures require esterification of the porphyrin
carboxylic acids before analysis. Reversed-phase systems have been tried using
octadecylsilane stationary phases (2, 6-9). These reversed-phase separations almost
exclusively used linear gradient elutions.

Native and derivatized cyclodextrin (CD) bonded stationary phases are best known
for their ability of separating enantiomers. In addition, CD bonded stationary phases are
also used for separating structural isomers (10). Many of these separations are difficult or
impossible to achieve on conventional HPLC columns.

Under reversed-phase conditions, formation of an inclusion complex of the solute
with the relatively nonpolar interior of the CD cavity is suggested to be an essential step
to achieve separations (11). Furthermore, the hydroxyl groups lining the mouth of the CD
cavity can form hydrogen bonds with polar segments of the solute molecules. The
stability of an inclusion complex is a function of the size and shape of a molecule relative
to a given CD (10). Separation due to inclusion complexation may not be possible if the
diameter of a molecule is significantly larger than the mouth of the CD cavity. However,
as long as a portion of the molecule is tightly complexed, the analytes may be effectively
separated (12). Recent studies suggest that some chiral analytes may be separated by sitting
atop of the CD cavity like a lid, without forming a conventional inclusion complex (13).

In the normal phase mode, the nonpolar component of the mobile phase is thought
to compete with the solute to occupy the CD cavity, thereby preventing the analyte from
forming an inclusion complex. In this case, the separation is more likely due to hydrogen
bonding between the solute and the hydroxyl groups at the top and bottom of the CD
toroid (14).

The structural similarities of free porphyrin carboxylic acids make the isocratic
separation of these compounds challenging. Recently, an isocratic separation method for
free porphyrin carboxylic acids on a 8-CD bonded stationary phase was reported (1, 15).
The isocratic elution on the 3-CD bonded stationary phase was completed in less than

eight minutes (15). However, this method employed a mobile phase containing 18-crown-
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6 ether, phosphate buffer, acetonitrile and pyridine. The suggested mechanism for the
separation of carboxylated porphyrins was retention via adsorption rather than inclusion
complexation, because the cavities of 8-CDs were too small to accommodate the bulky
porphyrins.

The y-CD column is not as widely used as the 8-CD column, because the y-CD
cavity is thought to be too big to tightly complex with most analytes. The current work
shows that a y~CD bonded stationary phase in conjunction with a conventional mobile

phase can achieve the isocratic separations of carboxylated porphyrins within 30 minutes.

EXPERIMENTAL

Chemicals

Uroporphyrin I, heptacarboxylporphyrin I, hexacarboxylporphyrin I,
pentacarboxylporphyrin I, coproporphyrin I were all purchased from Porphyrin Products,
Inc.(Logan, UT). Sodium phosphate monobasic was bought from J. T. Baker Chemical
Co. (Phillipsburg, NJ). Sodium phosphate dibasic was purchased from Matheson
Coleman & Bell Manufacturing Chemists (Norwood, OH). HPLC grade acetonitrile and
water were obtained from Fisher Scientific (Tustin, CA).
Apparatus

The HPLC system consisted of a Shimadzu L.C-600 Liquid Chromatograph, a
SPD-10A variable wavelength UV/vis detector, and a CR601 Chromatopac data
acquisition system. The Cyclobond I Gamma column (250 x 4.6 mm i.d. stainless steel, Sum
particle diameter) was obtained from Advanced Separation Technologies, Inc. (Whippany, NJ).
Chromatographic conditions

The separations were performed with isocratic elution. The mobile phases used
were acetonitrile/phosphate buffer (Na,HPO,, NaH,PO,; ca. 100 mM). The isocratic
elution was carried out at 18 °C at a flow rate of 0.8 mL/min. The eluates were monitored

at 400 nm.
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Appropriate amounts of the porphyrin samples were dissolved in methanol and

stored in the dark at 4°C.

RESULTS AND DISCUSSION

Isocratic separation of five porphyrin carboxylic acids was achieved within 30
minutes using a y-CD bonded stationary phase. The chromatographic data is summarized
in Table 2.

Effect of organic modifier

Methanol was not investigated as extensively as an organic modifier as acetonitrile
because preliminary results showed that selectivities and peak shapes obtained by using
methanol were not as good as those obtained using acetonitrile. Therefore optimization
focused on acetonitrile as an organic modifier. The effect of acetonitrile concentration on
capacity factors is shown in Figure 1.

At low acetonitrile concentrations (<30%), as the volume fraction of organic
modifier increases, the capacity factors tend to decrease. However, at higher acetonitrile
concentrations (>40%), as the organic modifier increases, the capacity factors start to
increase. The same trend exists for all five porphyrins but with apparently different
"turning points". For instance, the turning point for uroporphyrin is approximately 30%
acetonitrile; for coproporphyrin it is ca. 40% acetonitrile.

The appearance of a capacity factor minimum as a function of the composition of
the organic modifier in the mobile phase suggest that there might be two retention
mechanisms involved in the separations. When the mobile phase contains a low volume
fraction of organic modifier, the retention mechanism is likely due to hydrophobic
interactions with stationary phase. The porphyrin macrocycle is planar, highly conjugated
with significant aromatic and hydrophobic character (16). The macrocycle part of the
porphyrin may enter or sit on the top of the relatively nonpolar v-CD cavity, allowing the

carboxylated side chains of the porphyrins to associate with the hydroxyl groups lining the



Table 2. Chromatographic results of isocratic separation of
polycarboxylated porphyrins on 4-CD bonded phase. Mobile
phase: 25/75 ACN/buffer (140 mM phosphate; pH 6.9).

Porphyrins k' a
Uroporphyrin I 0.521 1.960
Heptacarboxylporphyrin 1 1.021 1427
Hexacarboxylporphyrin I (1) 1.457 1.339
Hexacarboxylporphyrin I (2) 1.951 1.240
Pentacarboxylporphyrin I 2.615 1336
Coproporphyrin I 3.493
20
% Uroporphyrin
A Heptacarboxylporphyrin
O Hexacarboxylporphyrin (1)
A Hexacarboxylporphyrn (2)
_ @  Pentacarboxylporphyrin
= [0 Coproporphyrin
s
2
E 10
=
]
5]
=
o]
<
0 T T T T T T
10 20 30 40 50 60
ACN (%)
Figure 1. Effect of acetonitrile concentration on capacity factors of polycarboxylated

porphyrins. Mobile phase: ACN/buffer (140 mM phosphate; pH 6.7).
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mouth of the CD cavity. As the organic modifier concentration increases, retention
decreases which is typical of a reversed phase mode of retention. In this region of mobile
phase composition, the porphyrins elute according to polarity, with the most polar
porphyrin, uroporphyrin, eluting first, and followed by heptacarboxylporphyrin,
hexacarboxylporphyrin, pentacarboxylporphyrin, with the least polar porphyrin,
coproporphyrin, eluting last. This elution order at low organic modifier concentration is
also consistent with a reversed phase mode of retention.

The increase in retention when the concentration of acetonitrile increases beyond
the "turning point" may be due to interaction between the porphyrin carboxylated side
chains and CD hydroxyl groups. The least polar porphyrin, coproporphyrin, was eluted
before hepta-, hexa- and penta-carboxylporphyrin.

Effect of ionic strength

The effect of ionic strength on retention was studied and the results are shown in
Figure 2. As can be seen from the figure, when the concentration of phosphate buffer
increases, the capacity factors of all five polycarboxylated porphyrins decrease. In

addition, it was found that better peak shapes and resolution were obtained at high buffer

concentration. However, the concentration of phosphate buffer was limited to ca. 140
mM, because acetonitrile miscibility decreases as phosphate buffer increases.
Effect of pH

Given the presence of carboxylic acid (-<COOH) side chains, pyrrole (=NH)
groups, and pyrrolenine (=N) groups, it is not too surprising that the elution of porphyrin
carboxylic acids is pH sensitive (Figure 3). The retention of all five porphyrins increase
when pH decreases. As pH decreases, porphyrins tend to be protonated, therefore the
solubility in the mobile phase decreases. Complete elution of the five porphyrins within 60
minutes requires a pH of 6.5 or higher.
Other considerations

Optimum conditions for the separation was found to be 25/75 (140 mM) of
acetonitrile/phosphate buffer (Na,HPO,, NaH,PO,). The pH of the aqueous portion was

6.9. A typical chromatogram is shown in Figure 4.
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Figure 2. Effect of ionic strength on the retention of polycarboxylated porphyrins.

Mobile phase: 30/70 ACN/buffer (phosphate; pH 6.7).

It is interesting to note the presence of an additional peak upon injection of
standard hexacarboxylporphyrin I (Figure 5). Further testing by the manufacturer
precluded the presence of an impurity. Various measures were taken to ensure that the
additional peak was not an artifact of the experiment protocol. The retention times and
the peak areas of these two peaks were found to be very reproducible even from various
lots of hexacarboxylporphyrin from the same manufacturer.

Hexacarboxylporphyrin I is manufactured by decarboxylation of uroporphyrin I.
There are two potential isomers, cis-and trans-hexacarboxylporphyrin (Figure 6) resulting

from the decarboxylation process. One is formed by decarboxylation of two acetic acid
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Figure 3. Effect of mobile phase pH on the retention of polycarboxylated porphyrins.

Mobile phase: 25/75 ACN/buffer (140mM phosphate).

groups on two adjacent pyrroles, and the other by the decarboxylation of two acetic acid
groups on two opposite pyrroles (17). Chu & Chu also observed two isomers as their
ester derivatives using paper chromatography(18). For each of the remaining four
porphyrins studied, only a single isomer results from decarboxylation. From statistical
estimation, the ratio of cis to trans isomers produced in the decarboxylation of
uroporphyrin is approximately 2:1. Assuming that the extinction coefficients of the two
isomers are similar, the larger area of the second peak suggests that this peak may
correspond to the cis isomer. Further confirmation of this interpretation is still under
investigation. To the best of our knowledge, this may well be the first report of a

chromatographic separation of the two native hexacarboxylporphyrin I isomers.
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Figure 4. Chromatogram of optimized isocratic separation of polycarboxylated
porphyrins on a 25 cm x 4.6 mm IL.D. column. Mobile phase: 25/75
ACN/buffer (140 mM phosphate; pH 6.9). Flow rate 0.8 mL/min. 1.
Uroporphyrin; 2. Heptacarboxylporphyrin; 3. Hexacarboxylporphyrin
(17); 4. Hexacarboxylporphyrin (27); 5. Pentacarboxylporphyrin; 6.
Coproporphyrin.

Biological samples

For clinical purposes, the determination of porphyrin is carried out in biological
samples, such as urine and blood. There have been several reports of the direct injection
of urine samples (6-9). However, direct injection of serum sample for the analysis of
porphyrins without prior extraction procedures has not been reported. Recently, Stalcup
& Williams (19) successfully applied direct enantiomeric resolution of chiral drugs in

human serum using a commercially available 8-CD column. They attributed the feasibility
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Figure 5 Chromatogram of hexacarboxylporphyrin I standard. Mobile phase: 30/70
ACN/buffer (100 mM phosphate; pH 6.7). Flow rate 0.8 mL/min.
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Figure 6. Structures of hexacarboxylporphyrin I isomers. a) cis-isomer b) trans-isomer.

of direct injection of serum onto the CD column to the high aqueous content of mobile
phase and the diol character of the stationary phase. The high aqueous mobile phase
composition for the separation of the porphyrins suggested that it might also be possible
for direct injection of human serum on the 4-CD column which is synthesized analogously

to the 8-CD column.



1122 WU AND STALCUP

I 1 1

0 10 20

Time (minutes)

Figure 7a. Chromatogram of direct injection of serum. Mobile phase: 25/75
ACN/buffer (140 mM phosphate; pH 6.7). 1. Protein; 2. Unknown.

Human serum samples were obtained in the same way as previously reported (19).
Uroporphyrin and coproporphyrin were spiked into the serum. The chromatographic
results (Figure 7 a, b) showed that the detection of uroporphyrin and coproporphyrin were
not affected by serum interferences. Thus, direct injection of serum onto the v-CD

column has the potential to facilitate quantitation of porphyrin levels in human blood.

CONCLUSIONS
Separations of porphyrin carboxylic acids on the y-CD column takes advantage of
the large cavity of the y-CD. The isocratic separation of five porphyrin carboxylic acids
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1
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Figure 7b. Chromatogram of direct injection of serum sample spiked with uro- and

copro-porphyrin (400 nm). Mobile phase: 25/75 ACN/buffer (140
mM phosphate; pH 6.7). 1. Protein; 2. Uroporphyrin; 3. Unknown;

4. Coproporphyrin.

has been achieved. The experimental conditions used may facilitate the clinical

investigation of porphyrin related diseases.
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SEPARATION OF THE DIASTEREOISOMERS
OF ETHYL ESTERS OF CAFFEIC, FERULIC, AND
ISOFERULIC ACIDS BY THIN-LAYER AND HIGH

PERFORMANCE LIQUID CHROMATOGRAPHY

M. FERNANDA M. BORGES AND MADALENA M. M. PINTO
Laboratorio de Quimica Orgénica
Faculdade de Farmdcia do Porto
Rua Anibal Cunha, 4000 - Porto, Portugal

ABSTRACT

The separation of the diastereoisomers of cinnamoyl derivatives have
been studied by thin-layer (TLC) and high performance liquid
chromatography (HPLC). TLC separations on two different layers and
with two different solvent systems are described. HPLC separation was
carried out on a reversed-phase column (Lichrosorb RP-8, 5 pm) using
an isocratic elution [acetonitrile : water-acetic acid (95 : 5)]. The series of
compounds includes the cis/trans isomers of ethyl esters of caffeic,

ferulic and isoferulic acids.

INTRODUCTION

During our work on the biomimetic synthesis of simple

coumarins the cis/trans isomers of ethyl caffeate, ethyl ferulate and
1125
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ethyl isoferulate (Fig. 1) were identified as side products of the
reactions [1].

Although a large variety of cinnamic acids derivatives could be
found in the literature, only a few papers concerned especially with the
separation of their diastereoisomers by HPLC and/or TLC have been
published. The present paper reports the chromatographic analysis of
some Z/E ethylcinnamates which was carried out by TLC and HPLC.
The HPLC analysis developed allows a quick identification and
estimation of the relative percentage of the components in solution.
Consequently it is of great value for monitoring the development of
reactions, performed in our lab, for the light-induced biomimetic

synthesis of coumarins.

MATERIAL AND METHODS

Thin-Layer Chromatography

Commercially available pre-coated TLC plates were used : silica
gel 60 F254 (51) and cellulose (S52), without fluorescent indicator, from
Merck, Darmstadt. The layer thickness was 0.2 and 0.1 mm,
respectively.

The following solvent systems were used: F1 - petroleum benzine
40-60 0C/ diethyl ether/ formic acid (5 : 5 : 0.1); F2 - water/acetic acid (9 :
1). Before development the chambers were allowed to saturate 1Th and
3 h, respectively. The time of elution was 1h and 30 min for system

S1/F1 and 3 h and 30 min for system S2/F2.
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FIGURE 1

Structures of the diastereoisomers of the ethylcinnamates
1. Ethyl cis-caffeate 2. Ethyl trans-caffeate
3. Ethyl cis-ferulate 4. Ethyl trans-ferulate
5. Ethyl cis-isoferulate 6. Ethyl trans-isoferulate

Before detection the plates were air-dried (30 min for system
S1/F1 and 2 h for system S2/F2). The compounds were visualized
under UV light (254 and 366 nm) before and after spraying with 10 ml
of an ethanolic solution of KOH (5%), without and with heating ( in an
oven at 100 °C, during 10 min).

Samples (2.5 ul) were spotted onto the TLC plates by means of a
graduated microsyringe. TLC separations were performed at room
temperature. Details of other chromatographic conditions can be found
in reference [2]. All the analysis were performed in triplicate.

The TLC data are shown in Results and Discussion.

High Performance Liquid Chromatography

A Jasco model Liquid Chromatographic System equipped with a

loop injector, a Jasco 875 variable wavelength UV photometric detector
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and a Varian 4270 integrator was used. The reversed-phase analytical
column was RP-8 with 5 pm particle size (250 x 4.0 mm LD) from E.
Merck, Darmstadt, Germany. The UV detector was set at 290 nm.
Samples of each standard (5 pl) were injected in the column,
equilibrated with the mobile phase at a flow rate of 1.0 ml /min..

The system was operated at room temperature. A chart speed of 5
mm /min. was used. The mobile phase was acetonitrile/aqueous acetic
acid (95:5): system L1 - 30/70 %,v/v; system L2 - 25/75 %,v/v. All the
analysis were performed in triplicate.

The HPLC data are shown in Results and Discussion.

Other conditions

The TH NMR spectra were recorded on a Bruker pulse (300 MHz)
instrument. Chemical shifts (8) are reported in ppm and coupling
constants (J) in Hz. The infrared spectra (IR) were measured with a
Perkin Elmer-257 spectrophotometer. Mass spectra (MS) were recorded
on a Hitachi Perkin Elmer RMU 6M spectrometer, using a direct inlet

probe and an electron energy of 70 eV.

Reagents

All the chemicals used were of analytical-reagent grade. Trans-
caffeic acid and trans-ferulic acid were obtained from Fluka AG,
Chemische Fabrik CH-9470 Buchs, Switzerland. Trans-isoferulic acid
was obtained from Aldrich Chemical Company, Inc., Wisconsin USA .

Acetonitrile was Lichrosolv for chromatography (E. Merck). Water
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used in the chromatographic mobile phase was distilled, desionized
and filtered through a 0.2 um membrane filter. The aqueous solutions
were fleshly prepared and degassed by vacuum and sonication before

use.

Synthesis

The ethyl esters used in this study were synthesized using a

modification of the Pearl and Beyer method [3].

General method for the preparation of compounds 2,4 and 6:

The corresponding trans-cinnamic acid (2.5 mM) was dissolved
in EtOH (50 ml) and H2504 (0.5 ml) was added. The mixture was
refluxed for 3 h. After cooling, the solvent was partially evaporated
under reduced pressure. The cooled solution was poured into cold
water and neutralized with a sodium bicarbonate solution.

The TLC control of the reaction was carried out with the system

S1/F1 and S2/F2 (see Experimental).

Ethyl trans 3-(3,4-dihydroxyphenyl)-2-propenoic acid (2). The
yellow precipitate obtained was filtered, washed and dried. The residue
was recrystallized from aqueous MeOH to give 400 mg of the ester (77
%), as light yellow needles. M.p. 144-147 °C . IRumax (cm-1) (KBr): 3450,
1660, 1610, 1600, 1520, 1515. TH NMR (CD3COCD3): 7.52 (1H, 4, J= 15.9,
Hb), 7.15 (1H, d, J= 2.1, H-2Ar), 7.02 (1H, dd, J= 2.1, 8.2, H-6Ar), 6.85
(1H, d, J= 8.2, H-5Ar), 6.26 (1H, d, J= 15.9, Ha), 4.17 (2H, ¢, ]=7.1,
OCHD>), 1.25 (3H, t, J=7.1, CH3). MS: m/z 208 (M+).
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Ethyl trans 3-(4-hydroxy-3-methoxyphenyl)-2-propenoic acid (4)
and ethyl trans 3-(3-hydroxy-4-methoxyphenyl)-2-propenoic acid(6).
The white precipitates obtained immediately turn to colorless oils. The
aqueous emulsions were then extracted with diethyl ether (3x50 ml).

The extracts were washed with H2O (3x50 ml), dried over NaySO4
and concentrated under reduced pressure. The oil residues were
crystallized from diethyl ether/n-hexane to give 440 mg of the ester 4
(79 %) and 490 mg of the ester 6 (88 %), as white needles.

Compound 4 m.p. 49-52 °C. IRbmax (cm-1) (KBr): 3180, 1670, 1630,
1580, 1510. 'H NMR (CDCI3): 8: 7.58 (1H, 4, J= 15.9, Hb), 7.04 (1H, dd,
J=1.9, 8.2, H-6Ar), 6.99 (1H, d, J= 1.9, H-2Ar), 6.88 (1H, d, J= 8.2, H-5Ar),
6.26 (1H, d, J= 15.9, Ha), 5.99 (1H, s, OH), 4.23 (2H, g, j= 7.1, OCH2),
3.88 (3H, s, OCH3), 1.30 (3H, t, J]=7.1, CH3). MS: m/z 222 (M+).

Compound 6 m.p. 53-55 °C . IRbmax (cm-1) (KBr): 3360, 1690,
1640, 1610, 1580, 1510. TH NMR (CDCI3): 7.56 (1H, 4, J= 15.9, Hb), 7.11
(1H, 4, J= 2.1, H-2Ar), 6.99 (1H, dd, J= 2.2, 8.3, H-6Ar), 6.81 (1H, d, J=
8.3, H-5Ar), 6.26 (1H, d, J= 16.0, Ha), 5.71 (1H, s, OH), 4.22 (2H, g, J=7.1,
OCH?2), 3.89 (3H, s, OCH3), 1.30 (3H, ¢, J=7.1, CH3). MS: m/z 222 (M*).

Sample Solutions

The sample solutions of the ethyl frams-cinnamates were
prepared by dissolution of the synthesized compounds in ethanol
(1 mg/ml and 0,1 mg /ml for TLC and HPLC, respectively).

The ethyl cis-cinnamates were obtained by exposure of an aliquot
of the sample solutions of ethyl trans-cinnamates to diffused daylight

for 2 hours. As expected, a mixture of cis and trans isomers was
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formed [4]. The solutions were stored in sealed containers, at 4 °C in

darkness.

RESULTS AND DISCUSSION

During the study on the biomimetic synthesis of simple coumarins
by a photochemical process, besides the Z/E isomers of the cinnamic
acids, another pair of fluorescent compounds has been found to appear
on the TLC control (system L2/F2) of some solutions. Separation by
column chromatography and preparative TLC together with
spectroscopic determination have led to the identification of the two
compounds as the Z/E isomers of the ethyl esters of the cinnamic
acids, used as building blocks for coumarins synthesis. However, these
traditional methods of purification are quite tedious and consequently
ineffective for our purpose. Eventhough the chromatographic
processes were carried out in subdued light, a mixture of the referred
Z/E isomers were always found. The long time of analysis for an
estimation of the Z/E isomers formed in the reaction made them
cumbersome for a systematic study. For this reason an improvement
in the chromatographic method, for a quick identification and/or
estimation of the diastereoisomers of the cinnamoyl derivatives, was

developed.

Thin-Layer Chromatography

Table 1 shows the Rf values of the diastereoisomers of the ethyl

cinnamates obtained on silica gel (S1) and cellulose (52), developed on
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the system F1 and F2, respectively. The system S2/F2 gave a better
separation of isomers than the system S1/FI1, although it was quite
time consuming (see Experimental).

Concerning the pair of diastereoisomers 3-4 it was found that their
chromatographic behaviour, i.e. in Rf and fluorescence color, seems to
be similar in both chromatographic systems (Tables 1, 2 and 3). The
pairs of diastereoisomers 1-2 and 5-6 seem to have similar
chromatographic separation (Table 1).

Table 2 and Table 3 show the fluorescence colours of the
compounds (UV light 366 nm), before and after KOH treatment. It was
observed that the original fluorescence produced by the compounds
changed after spraying with the chromogenic reagent. The effect of the
spraying reagent on the fluorescence colours of the cinnamates, both
before or after heating, is undoubtedly helpful for a rapid detection and

characterization of the ethylcinnamates.

High Performance Liquid Chromatography

In order to observe the chromatographic behaviour of the Z/E
isomers of ethyl esters a study was carried out with sample solutions
(see Experimental).

Using the binary solvent system, acetonitrile/aqueous acetic acid
and the reversed-phase octylsilane packing used in the analysis of the
corresponding cinnamic acids [5-7] it was possible to obtain the
separation and estimation of the diastereoisomers of the cinnamates
derivatives.

The results of this chromatographic study were shown in Table 1.

These findings allow us to conclude that with the mobile phase L1 the
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FIGURE 2

Chromatogram of the sample solutions containing:

a) 1. Ethyl cis-caffeate ; 2. Ethyl trans-caffeate (Mobile phase : L2)
b) 3. Ethyl cis-ferulate ; 4. Ethyl trans-ferulate (Mobile phase : L1)
¢) 5. Ethyl cis-isoferulate ; 6. Ethyl trans-isoferulate(Mobile phase : L1)

Other conditions described in Experimental

separation between the pairs of the diastereoisomers 3-4 and 5-6 was
achieved. To improve resolution the polarity of the mobile phase was
increased (system L2), leading to an excellent separation between the
geometrical isomers 1-2. In this system the separation between the Z/E
isomers of the methoxy cinnamate derivatives was also improved,

although it involved a longer time of analysis.
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Although the differences in the observed selectivities are not
striking (1.11; 1.12; 1.18 with L1 and 1.16; 1.18; 1.27 with L2) the
variation found on the retention times is relevant when a
simultaneous isocratic separation and identification of a mixture of
natural or synthetic compounds was carried out.

The expected elution pattern [5-7] in this reversed-phase system is
observed : the cis isomers are first eluted , while the trans isomers
have longer retention times. Fig. 2 shows the isocratic elution profile
of the Z/E isomers of the cinnamic acid derivatives. The separation
took less than 20 min.

The HPLC method presented appears to be a good alternative to
TLC. It provides a mean for a fast, simultaneous, semi-quantitative
screening of the composition of the solutions performed in our work.

Although designed specifically for the simultaneous
determination of the diastereoisomers of cinnamic acid ethyl esters of
synthetic mixtures, the chromatographic systems developed herein

could be a valuable contribution for food chemistry [8].
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CORTICOSTEROID ANALYSIS BY HPLC WITH
INCREASED SENSITIVITY BY USE OF
PRECOLUMN CONCENTRATION

C. VALENTA AND H. JANOUT
Institute of Pharmaceutical Technology
University of Vienna
Wahringer StraBe 25
1090 Vienna, Austria

ABSTRACT

In this paper ttwo HPLC methods are described which offer the
possibility of increasing the sensitivity for a couple of corticosteroids
The increase is achieved by precolumn concentration with C-18
cartridges from 5 to 20 fould. The concentration step is in principle
applicable to all other steroids.

INTRODUCTION

Many HPLC methods for determination of corticosteroids have

been reported (1-7). For drug release testing of topical forms extremely

sensitive methods are required. In this paper the possibility of
increasing the sensitivity by precolumn concentration is described.

1141
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MATERIALS

Hydrocortisone, Hydrocortisone-21-acetat, Prednisolon,
Dexamethason, Betamethasone-17-valerate and Flumethason-21-
acetat were from Sigma (St.Louis, USA). C-18 Cartridges, Bond elut,
Vac-elut by Analytichem International I.C.T.; all solvents are of HPLC
grade.

EQUIPMENT

HPLC: Perkin Elmer Series 10; detector: Perkin Elmer LC 235,
automatic sample injector: ISS-100 Perkin Elmer, Software: Omega-2
Vers.2.50, Column: Nucleosil C-18 (150x4 mm ID), 5 um particle size.

METHODS

Assay procedure:

A Bond elut C-18 cartridge, which has been prepared for use by
rinsing with 4 ml of water followed by 3 ml of methanol, is inserted
onto a vac-elut system. An aliquot of the aqueous corticosteroid
solution is added and sucked through the cartridge. The
corticosteroid is absorbed by the apolar sorbent and is eluted from the
cartridge with less methanol than the aqueous corticosteroid solution.
The concentration was increased from five to twenty fould,

The precolumn concentration offers the possibility of increasing the
sensitivity more than 20 fould.

Method 1:

The mobile phase consisted of a CH3OH/Hg0 (7+3). The flow rate was
set 1,0 ml/min. After precolumn concentration as described before
the injection volume for the sample preparations was maintained at
20 pl. This method was used for Hydrocortison (240 nm),
Hydrocortison-21-acetat (240 nm) and Prednisolon (242 nm). The
corticosteroids were quantitated by comparing the peak area of the
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TABLE 1
Recovery of Hydrocortison (HC), Hydrocortisonacetat
(HCac) and Prednisolon (Pred) after precolumn
concentration (method 1)

HC 5 fould conc. Recovery
pg/ml spiked pg/ml % pg/ml
1.46 7.3 110 8.0
1.44 72 102 7.3
1.34 6.7 93.5 6.32
HCac 10 fould conc. Recovery
pg/ml spiked pg/ml % pg/mi
0.55 5.5 105.4 58
0.65 6.5 103.1 6.7
0.85 85 94.1 82
Pred 10 fould conc. Recovery
pg/ml spiked ug/ml % pg/mi
0.835 8.35 104.1 8.7
0.64 6.4 101.2 6.4
0.504 5.04 98.5 5.1

unknown with standard curves (for each corticosteroid 5 points)
prepared by adding known amounts of each corticosteroid. Standard
solutions containing 4-14 mg/ml. Linear regression analysis of the
peak areas gave correlation coefficients (r) between 0,98 and 0,99. The
detection limit was 3,5ug/ml.

Method 2:
The mobile phase consisted of acetonitril/HoO (7+3). The flow rate
and injection volume were the same as in method 1.
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TABLE 2
Recovery of Dexamethason (Dex) , Flumethason-21-acetat (Flu)

and Betamethason-17-valerat (Bet) after precolumn
concentration (method 2)

Dex 10 fould conc. Recovery
ug/ml spiked pg/ml % pg/ml
0.6 6.0 105.5 6.33
0.33 33 117.3 3.87
0.3 3.0 88.4 2.65
Flu 20 fould conc. Recovery
pg/ml spiked pg/ml % pug/ml
0.14 28 914 2.56
0.115 2.3 100.0 2.3
0.067 1.35 108.1 1.46
Bet 20 fould conc Recovery
ug/ml spiked ug/ml % ug/ml
0.285 5.7 105 5.98
0.180 3.6 98.1 3.52
0.045 0.9 88.9 0.8

This method was used for Dexamethason (239 nm), Betamethason-
17-valerate (239 nm) and Flumethason-21-pivalat (237 nm). The
corticosteroids were quantitated by comparing the peak area of the
unknown with standard curves (for each corticosteroid 5 points)
prepared by adding known amounts of each corticosteroid. Standard
solutions containing 3-18 mg/ml. Linear regression analysis of the
peak areas gave correlation coefficients (r) between 0,98 and 0,99. The
detection limit was 0,12 pg/ml.
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RESULTS
Recovery:
Recovery data for the solid phase extraction sample preparation were
generated by spiking acceptorphase (phosphate buffer 10 mM, pH 7,4,
150 mM sodium chloride) with known amounts of the corticosteroids.
The recovery rates are listed in table.1 and 2.

DISCUSSION

For release experiments of corticosteroids from topical forms
(ointments, gels, lotions) extremely sensitive analytical methods are
required. The corticosteroid in the aqueous acceptor phase may be
less than 0,5 pg/ml for Hydrocortison, Hydrocortison-21-acetat and
Prednisolon and about 0,02 pg/ml for Betamethasone-17-valerate and
Flumethason- 21-acetat. Solid phase C-18 cartridges were used to
concentrate the corticostercids till 20 fould. The concentration step is
in principle applicable to all other steroids.

REFERENCES
1. J.A.Mollica, R.F.Strusz, J.Pharm.Sci., 61: 444-447 (1972)

2. M.C.Olson, J.Pharm.Sci., 62: 2001-2006 (1973)

3.A.R.Lea, J.M.Kennedy, G.K.-C. Low, J.Chromatogr., 198: 41-47
(1980)

4. F.Huber, M.Wiedemann, G.Heinrich, Z.Salama, H.Jaeger, Drug
Res., 40: 926-931 (1990)

5. J.Girault, B.Istin, J.M. Malgouyot, A.M.Brisson, J.B.Fourtillan,
J.Chromatogr. 564: 43-53 (1991)



1146 VALENTA AND JANOUT

6.G.R.Cannell, R.H. Mortimer, D.J. Maguire, R.S.Addison, 563: 341-
347 (1991)

7. J.Noma, N.Hayashi, K.Sekiba, J.Chromatogr. 568: 35-44 (1991)

Received: August 21, 1993
Accepted: August 31, 1993



JOURNAL OF LIQUID CHROMATOGRAPHY, 17(5), 1147-1169 (1994)

OPTIMIZATION OF HPLC CONDITIONS TO
ANALYZE WIDELY DISTRIBUTED ETHOXYLATED
ALKYLPHENOL SURFACTANTS
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ABSTRACT

Commercial ethoxylated alkylphenol surfactants are always a
mixture of oligomers with different ethylene oxide number (EON). The
different oligomers can be separated by various HPLC techniques.
Isocratic mode with mixed solvent on silica column allows to separate
oligomers up to EON = 10; gradient programming moves the limit up
to EON = 15. For higher EON values (up to 25) a NH> column has to be
used, either with isocratic or gradient mode. Applications to the analysis
of microemulsion systems and to the separation of tributyl phenol
ethoxylates are discussed. Extreme separation of wide range EON
distribution is attained with two columns (Si and NHj) in series, and a

solvent programming.
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INTRODUCTION

The polyethoxylated alkylphenols have held a prominent
position in the field of nonionic surfactants in the past forty years. They
are used in household products such as liquid dish washing
formulations and hard surface cleaners, cleansers for textiles, leather,
and plastics, particularly in systems with high electrolyte content.

They are used extensively in the oil industry, e. g., as emulsifiers in
drilling fluids and heavy crude emulsions (1), and have been proposed
as tension-lowering surfactants for enhanced oil recovery (2-3).

Nonylphenol is by far the most widely used base material,
followed by the octyl, dodecyl, and n,n-dinonyl counterparts; recently
tri-butyl phenol ethoxylates have been also available.

Since the addition of ethylene oxide to an alkylphenol is a
polycondensation process, the final product is not a pure substance, but
rather a mixture of homologues with different ethylene oxide number
(EON), so-called oligomers (4).

As a consequence of its ethylene oxide number (EON)
distribution, which often follows a Poisson law (4), a commercial
surfactant may contain substances with widely different properties; for
instance a commercial nonylphenol with an average of 5 EO groups per
nonylphenol molecule contains about 50% of substances which are not
water soluble. In presence of both an oil and a water phase this can
result in an independent solution behavior of each sustance. When all
the mixture surfactant species do not behave collectively, the low EON

ones tend to migrate into the oil phase, i.e., a severe fractionation can
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occur. As a consequence the effective surfactant mixture at interface
departs considerably from the surfactant mixture which was introduced
in the first place in the system (5). This situation is often worsened by a
current practice in surfactant handling, i. e., mixing different surfactants
in order to attain some average value or some synergistic effect. Such
mixing may result in EON distributions with very wide range and two
or more modes.

The surfactant users need to know the oligomer composition of
alkylphenol nonionics in different phases, generally oil and water, and
sometimes a third one, so-called a microemulsion; this knowledge can
be processed to calculate the real interfacial surfactant mixture (5-6), an
important information since it has been recently found that the
physico-chemical conditions at interface are linked with the properties

of the associated emulsions (7-10) and foams (11).

ANALYSIS OF ETHOXYLATED ALKYLPHENOLS

Various chromatographic procedures have been tried to separate
the commercial ethoxylated alkylphenols into their different oligomers.

Thin layer and paper chromatography (12-15) are limited to
qualitative analysis. Gas chromatography (16-21) has been used only for
the low average EON mixtures, since it fails to separate higher
oligomers (EON>8), because of their low volatility and the thermal
degradation that can take place. For these reasons, high performance
liquid chromatography (HPLC) appears to be the choice method for the

separation and characterization of ethoxylated alkylphenols (22-25).
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Ethoxylated monoalkylphenol surfactants have been separated by
both reverse and normal phase HPLC. In reverse phase chromatography
the separation depends upon the alkyl group in the surfactant molecule
and the retention mechanism is governed by hydrophobic interactions
between the alkyl tail of the surfactant and the bonded stationary phase;
octadecyl or octyl-silane columns have been used for such separations
(26-30). However, the alkylate base material is often monoisomeric, and
the main analysis problem is to separate the oligomers according to
their ethylene oxide number; for such a separation, normal phase
chromatography is the logical choice; silica gel (26, 31-32) and silica with
chemically bonded nitrile (31, 34), diol (32), and amino phases (23, 24, 30,
35-39) have been tested as column packing in normal phase HPLC
separations.

In a recent report, several column packings for normal phase
separation were tested with aliphatic alcohols and hydrocarbon solvents
(40), in order to compare the chromatographic behavior of
underivatized ethoxylated nonylphenols on different stationary phases.
A normal phase HPLC separation of ethoxylated nonylphenol
oligomers has been described by Zhou et al. (41), who used a silica-diol
column and a nonpolar solvent gradient elution. HPLC analysis of
oligomer distribution of low EON ethoxylated alkylphenols was selected
for interlaboratory testing, using diol bonded phase column under
isocratic and gradient conditions (42, 43). In a recent paper (44), we
reported that the selection of a proper three-component solvent

mixture allows to separate the ethoxylated nonylphenol oligomers up
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In most of the cited reports, detection is carried out by measuring
the UV absorbance at a wavelength corresponding to the substituted
benzene ring, i. e., at 270-280 nm. It has been shown that the UV
absorbance leads to the molar concentration in alkylphenol base and is
independent on the EON (24, 37, 45).

This review indicates that HPLC is the choice method to analyze
commercial polyethoxylated alkylphenol surfactants, and that there
exists a variety of stationary phases and solvent mixtures to do so.
However, the previous publications deal with the analysis of a sample
of a (single) commercial surfactant, i. e., a mixture with a narrow range
single mode EON distribution.

In this paper, we will address the problem of analyzing wide EON
distribution mixtures found either in microemulsion systems, or by
purposely blending two commercial surfactants, so that a highly
bimodal EON distribution is attained. In such a case, the difficulty is to
separate oligomers with very different poly-EO chain lengths, ranging
from oil soluble to very water soluble, which can be present in very
different amounts. The path leading to the optimum column/solvent
conditions is discussed.

Additionally, the optimized HPLC separation is applied to the
separation of a new commercial surfactant of the same family but with

three alkyl groups on the benzene ring : the tri-butyl phenol ethoxylates.

HPLC EQUIPMENT AND EXPERIMENTAL PROCEDURE

HPLC separations are performed on a liquid chromatography

equipment consisting of two M6000A pumps and a UéK injector from
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Waters Associates, an UV variable wavelength detector model Dupont
model 837 operated at 270 nm, and an integrator Varian model 4270.

Whenever it is used, the solvent gradient elution is carried out
with a Waters model 660 solvent programmer. All flow rates are set to 1
ml/min.

Two column are used : (1) a silica column, stainless steel, 250 mm
x 4.6 mm, Lichrosorb Si 60 - 10 pm, manufactured by Hibar-Merck. (2) an
intermediate polarity column, stainless steel, 250 mm x 4.6 mm,
Adsorbosphere NH>-10 um, made by Alltech. The precolumns were
filled with the same material than the analytical columns.

Surfactants are analyzed either as received from the
manufacturer, or as extracted from a water, oil or microemulsion phase,
according to a procedure discussed elsewhere (44). Whatever the origin
of the surfactant sample, it is evaporated to dryness and then diluted
with methanol down to a concentration in the 0.05 mol per liter range.
Aliquots (5 or 10 pl) of these methanol solutions are injected for
chromatographic analysis.

N-heptane, chloroform and methanol are HPLC grade solvents
from Baker Chemicals. Whenever a gradient elution is carried out
solvent A refers to the initial solvent, while solvent B is the secondary
one. The solvent mixture composition is indicated on a volume
percentage basis.

NPX refers to an ethoxylated nonylphenol oligomer with X
ethylene oxide groups per nonylphenol molecule; by extension and for
a commercial product, it represents a mixture of ethoxylated

nonylphenols with an average of X ethylene oxide group per molecule;
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commercial nonylphenols received from Stepan Chemicals (Makon
brand) and Hoechst gmbh (Arkopal trade name) were found to exhibits
a Poisson distribution with average EON very close to the one claimed
by the manufacturer. TBPX stands for tri-butyl phenol ethoxylate, where
X is the average number of EO group per molecule; they were received
from Hoechst gmbh which manufactures them under the trade name
Sapogenat T. The surfactant mixture composition is indicated on a mol

percentage basis.

ISOCRATIC HPLC ON A SILICA COLUMN

Isocratic HPLC is the first alternative to be considered because of
its attractive features for routine analysis: simplicity, low cost, and
rapidity. Such a technique is applied to the separation of oligomers of
commercial ethoxylated nonylphenols with different average EON. The
silica column tends to retain the different species according to their
EON. Thus the solvent must exhibits a low polarity.

The optimization variable is the solvent polarity, which can be
changed by mixing different amounts of an apolar solvent (heptane)
with a polar one (methanol), together with a third solvent (chloroform)
which is added to insure miscibility of the others. A heptane-
chloroform-methanol 70-10-20 mixture is found to produce the best
compromise between separation and retention, as discussed elsewhere
(44). The method is applied to an equimolar mixture of commercial
products NP4 + NP10 so that the covered EON spectrum ranges from 1

to 15. Figure 1 (left) shows that the resolution is good up to EON = 10,
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but that the retention becomes too severe beyond EON = 12. Actually
this method should be the prefered one up to an average EON = 8§, i.e.,
when there is no oligomer with more than 12 EO groups. Above this
value, something should be done to reduce the retention time of high

EON oligomers.

SOLVENT GRADIENT HPLC ON A SILICA COLUMN

In order to reduce the retention time of high EON oligomers,
without affecting the retention time of low EON oligomers, a solvent
gradient technique must be used. The column is still the same, but this
time the optimization variables are the solvents A and B nature and the
mixing programming.

Since the heptane-chloroform-methanol 70-10-20 mixture
exhibited the best separation in the isocratic mode, the gradient program
is set to scan from a slightly less polar solvent to a slightly more polar
solvent.

Base solvent A is a heptane-chloroform-methanol 75-10-15
mixture, which would allow an excellent separation of low EON
oligmers. The second solvent B must be more polar, but its mixture
with solvent A must not become too polar, because it would elute all
high EON oligomers together. Trial and error experiments were carried
out on a NP4 + NP10 surfactant mixture, and the best performance was
attained with a linear gradient from 0% to 10% of solvent B

(chloroform-methanol 50-50), over a 15 minutes period. Figure 1 (right)
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NP4 + NP10 NP4 + NP10
Si Column Si Column
isocratic mode solvent gradient mode
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FIGURE 1 : Chromatograms from the analysis of equimolar mixtures
of NP4 and NP10 on a silica column. Left : Isocratic mode with
heptane-chloroform-methanol 70-10-20. Right : Gradient mode starting
with solvent A heptane-chloroform-methanol 75-10-15, and adding
solvent B chloroform-methanol 50-50 according to a linear gradient

from 0 to 10 % B over 15 minutes.

indicates that the separation is somewhat better than in the isocratic
mode, with a better definition and resolution of the peaks in the whole
EON range.

However the difference is not that striking and the high EON
oligomers are still retained too long a time. It is found that an increase
in solvent B polarity or proportion does not improve the performance

of the method. It is thus concluded that a less polar column should be
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selected, in particular if surfactants with EON higher than 15 are to be

analyzed.

ISOCRATIC HPLC ON A NH; COLUMN

As in the previous case, the NH; column is tested first in isocratic
mode in order to optimize the solvent mixture. Since the purpose is to
separate higher oligomers, a NP20 commercial surfactant with an EON
distribution from 10 to 30 is tested.

Since the column is less polar than the previous one, the
appropriate solvent mixture is probably less polar. Figure 2 shows the
chromatograms produced with three heptane-chloroform-methanol
mixtures, respectively: (a) 80-10-10, (b) 85-5-10, (c) 90-5-5.

Solvent mixture (a) exhibits a quick elution and a poor
separation. It is obviously too polar. In mixture (c), half the methanol
and half the chloroform have been replaced by heptane, to make up a
much less polar solvent. The separation is better than in the previous
case (a), but the retention times are much longer. Mixture (b) exhibits an
intermediate polarity, and the corresponding chromatogram displays a
good compromise between separation and retention time; however it is
worth noting that the very low EON species (not present in NP20)
might not be well separated. This method is thus satisfactory for

ethoxylated nonylphenol with EON ranging from 12 to 28.



ETHOXYLATED ALKYLPHENOL SURFACTANTS 1157

NP20
NH2 Column
isocratic mode

(a) heptane-chloroform-methanol
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FIGURE 2 : Chromatograms from the analysis of NP20 on a NH;

column. Isocratic mode with different solvent mixtures.

SOLVENT GRADIENT HPLC ON A NH; COLUMN

A wider EON range can be reached by using a solvent gradient. In
order to separate the very low EON species first, a slightly less polar
solvent is taken as base solvent A (heptane-chloroform-methanol 90-5-
5), then it is mixed with a more polar solvent B (chloroform-methanol

50-50) according to a linear program from 0 to 20% of B in 15 minutes.
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Figure 3 shows the separation of an equimolar mixture of NP4 +
NP10 + NP20 surfactants with an extremely wide range of EON (1 to 28),
in the above mentioned conditions. It is seen that the separation is
fairly satisfactory over the whole range, altogether with a reasonable
retention time. The chromatogram displays the three modes resulting
from the superposition of three Poisson distributions, with maxima

located at EON = 3, 9 and 18 respectively

APPLICATION TO THE ANALYSIS OF ETHOXYLATED
NONYLPHENOL MIXTURES IN MICROEMULSIONS

Such wide range EON distributfions are encountered in surfactant
fractionation, although the limitations of the GC analytical technique
have restricted the studies to low EON mixtures up to now (5-6). Real
nonionic surfactant formulations can fairly well contain mixtures of
very different products such as NP4 and NP20. These mixtures can
exhibit a differential rather than collective behavior at interface; as a
consequence, the different oligomers can fractionate between the two or
three phases at equilibrium, as discussed elsewhere (46).

The phase behavior of a NPX mixture/water/heptane system is
scanned as in previous work (44, 46), but this time by mixing NP4 and
NP20, i. e., a very lipophilic surfactant and a very hydrophilic one. As
discussed elsewhere (46) there is no three phase microemulsion at
optimum formulation, which is located by the minimum in interfacial

tension at 91 mol.% NP4 and 9 mol.% NP20. It has been shown that
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NP4 + NP10 + NP20
NH 2 Column
gradient

0 2 4 6 8 10 12 14 16 18
Time (min)

FIGURE 3 : Chromatograms from the analysis of equimolar mixtures
of NP4, NP10 and NP20 on a NH column. Gradient mode starting
with solvent A heptane-chloroform-methanol 90-5-5, and adding
solvent B chloroform-methanol 50-50 according to a linear gradient

from 0 to 20 % B over 15 minutes.

adding some amount of NPI10 fills the gap between the two
distributions and contributes to the formation of a three phase system at
optimum : a microemulsion with excess oil and water phases (46). The
three phase behavior is found to occur at the following overall
composition : 86 mol.% NP4 + 6.2 mol.% NP10 + 7.8 mol.% NP20. The
microemulsion, oil and water phases are analyzed according to the
previously described procedure (NH2 column and solvent gradient).
Figure 4 shows the resulting chromatograms corresponding to similar

surfactant concentrations. Actually 78 mol.% of the total surfactant is
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NP4 + NP10 + NP20 mixture
for optimum formuilation
System : heptane - water 50-50
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microemulsion
phase
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FIGURE 4 : Chromatograms from the analysis of NPX surfactants in
the oil, microemulsion and water phases of an optimum three-phase

system. Same experimental conditions as in Figure 3.
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found in the microemulsion phase, 20 mol.% in the oil phase and only
a residual 2 mol.% in the water phase. The data indicates that the oil
phase extracts the low EON species, while there are more high EON
species in the water phase than in the microemulsion phase, an

evidence of the severe fractionation which occurs in such systems.

APPLICATION TO THE ANALYSIS OF ETHOXYLATED
TRIBUTIL-PHENOL COMMERCIAL SURFACTANTS.

The gradient technique on NHj column is applied to commercial
ethoxylated tributyl phenol (TBP) surfactants. Solvent A (heptane-
chloroform-methanol 90-5-5) and B (chloroform-methanol 50-50) are
the same than previously, but the trial and error optimization leads to a
slightly modified program to produce a more polar mixture at the end :
linear gradient from 0 to 30% of B in 20 minutes.

The chromatograms of both surfactants shown in figure 5 display
an excellent separation of the oligomers. The average EON is found to
be respectively 13 and 18, in accordance with the manufacturer data.
However, it is worth noting that this sample of TBP13 exhibits a
strongly bimodal EON distribution, an indication that it is probably a
mixture of substances; if it is assumed that it is composed of two
mixtures, each of them with a Poisson EON distribution, a
straightforward calculation indicates that these mixtures should contain
an average EON of 7 and 14 respectively.

Since the tributylphenol group possesses twelve alkyl carbon

atoms, while the nonylphenol has only nine, it might be thought that
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TBP13
NHz column
gradient mode

0 2 4 6 8 10 12 14 16 18
Time (min)

TBP18
NH2 column
gradient mode
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FIGURE 5 : Chromatograms from the analysis of TBP13 and TBP18 on
a NH> column. Gradient mode starting with solvent A heptane-
chloroform-methanol 90-5-5, and adding solvent B chloroform-
methanol 50-50 according to a linear gradient from 0 to 30 % B over 20

minutes.

each tributylphenol ethoxylate would be as a whole less polar than its
nonylphenol counterpart (with same EON). Figure 5 data indicates the
contrary. In effect, the retention time of oligomers with EON = 18 is 14
minutes in both cases, but the solvent mixture is more polar in the

TBP18 case than in the NP18 case.
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On another hand, if the same solvent gradient is used for both
types, the tributylphenol ethoxylate exhibits a longer retention time
than the nonylphenol ethoxylate counterpart; this means also that the
tributylphenol group is more polar or less apolar than the nonylphenol
group, a result which may be attributed to the branching.

The relative polarity of nonionic surfactants is usually measured
through their Hydrophilic-Lipophilic Balance, so-called HLB number,
which ranges from a few units for hydrophobic substances to 12 and
more for hydrophilic ones. HLB was introduced as an empirical
parameter by Griffin (47, 48), and later on was correlated with many
surfactant properties, as reviewed recently by Becher (49). For
monoalkylphenol ethoxylates the HLB number is generally estimated as
1/5 of the weight percentage of ethylene oxide in the molecule (48).
Since the tributylphenol group has been found to be less hydrophobic
than the nonylphenol group, a coefficient substancially greater than 1/5
is expected to apply in the computation of the HLB of TBPX surfactants.
However physico-chemical studies would have to be carried out to

know the exact value of this coefficient.

ANALYSIS WITH SILICA AND NH; COLUMNS IN SERIES

The previous discussion has shown that the silica column
exhibits a good separation of low EON oligomers, while the NH>
column is well suited for the high EON ones. If they are combined in

series it might be possible to take advantage of both features. Of course
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NP4+NP10+NP20 mixture
Si + NH2 columns in series
solvent gradient
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FIGURE 6 : Chromatograms from the analysis of equimolar mixtures
of NP4, NP10 and NP20 on Silica-NH; columns in series. Gradient
mode starting with solvent A heptane-chloroform-methanol 70-15-15,
and adding solvent B chloroform-methanol 25-75 according to a linear

gradient from 0 to 40 % B over 25 minutes.

the solvent would have to be adapted to each column separation
through an appropriate program.

The silica and NHj columns are placed in series, and several
solvent mixtures are tested to separate an equimolar NP4 + NP10 +
NP20 mixture. A polar solvent made of chloroform and methanol
(from 25-75 to 75-25) is tested first, with poor results. Then a ternary
solvent (heptane-chloroform-methanol) is tested, with the better

separation reached with 70-20-10 and 70-15-15 mixtures, but with very
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long retention times. In order to reduce the retention time, solvent B
should be selected as more polar than in previous experiments.

Gradient elution is optimized by varying solvents A and B and
manipulating their mixing program. The best separation is attained in
the following conditions : solvent A heptane-chloroform-methanol 70-
15-15; solvent B chloroform-methanol 25-75; gradient program from
0% to 40% B in 25 minutes.

Figure 6 shows the separation of the wide EON range mixture in
these conditions. The chromatogram displays an excellent separation of
the peaks, either at low or high EON, which makes the technique an
attractive candidate for preparative separation purposes.

It is worth noting that an even better separation can be attained
by mixing a lesser amount of solvent B, although it requires a retention

time beyond 45 minutes, which is considered excessive for practical

purpose.

CONCLUSIONS

Low EON oligomers (EON < 8) of ethoxylated alkyl phenol
surfactants are easily separated on a silica column with an appropriate
mixed solvent; the use of solvent gradient programming allows to
increase the limit up to EON = 15 on a silica column.

Higher oligomers are separated better by using a NH2 column,
either by isocratic elution or solvent gradient programming. The

technique can be applied to the analysis of wide EON distribution (1 to
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28) in complex systems such as microemulsions. It also allows the
separation of the ethoxylated tributyl phenol oligomers in a commercial
surfactant.

Finally, by using two columns (Si and NHj) in series, with a
proper solvent gradient programming, an even better separation
method is attained, which may be the choice method for preparative

separation.
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MICROANALYSIS OF GINSENG SAPONINS BY
ION CHROMATOGRAPHY WITH PULSED
AMPEROMETRIC DETECTION

MAN KI PARK, JEONG HILL PARK, MI YOUNG LEE,

SU JIN KIM, AND IN JEONG PARK
College of Pharmacy
Seoul National University
Seoul 151-742, South Korea

ABSTRACT

Analysis of ginseng saponins by ion chromatographic separation with
pulsed amperometric detection(IC/PAD) was examined. Ginseng saponins
were separated on Carbopac PA1 or AS4A anion exchange column with 1M
NaOH as mobile phase. The measuring potential(El), oxidation
potential(E2), and reduction potential(E3) were 0.0V, +0.6V, and -0.8V,
respectively. The dynamic linear range was over three orders and the limit of
detection of ginsenoside Re was 0.8 pmol(S/N=2).

INTRODUCTION
Ginseng is an important herbal medicine which has been widely used in
the Orient as a tonic, sedative, anti-fatigue, or anti-gastric ulcer drug”.
Ginseng saponins(TABLE 1) were known as the major components of
ginseng and intensive studies on the activity and analysis of them

have been undertaken®?,
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TABLE 1. Structure of ginseng saponins.

Ho RaQ_ ¢

R1O %, £
Rz
R1=Rz=Rsz=H 20(S)-protopaxanadiol
R;=R3=H R>=OH  20(S)-protopaxanatriol
R, Rz Rz

Ginsenoside Rg) H Glc-0- Glc-
Ginsenoside Rgz H Rha-Glc-0- H
Ginsenoside Re H Rha-Glc-0O- Glc-
Ginsenoside Rf H Glc-Gle-0- H
Ginsenoside Rh; H Glc-0O- H
Ginsenoside Rb; Glc-Gle- H Gle-Glc-
Ginsenoside Rbz Glc-Glc- H Ara(p)-Glc-
Ginsenoside Rc Glc-Glc~ H Ara(f)-Glc-
Ginsenoside Rd Glc-Glc- H Glc-
Ginsenoside Rgs Glc-Glc- H H

The techniques developed so far for the analysis of ginseng saponins
include colorimetry®,  TLC-densitometry®, GC™®, HPLC”, and
radioimmunoassay methods' ™. Among these, HPLC method is
widely adapted'®'®. However, UV detection at short wavelength, typically
at 207nm"®, or refractive index(RI) detection method'® in HPLC did not
provide enough sensitivity for the microscale analysis of ginseng saponins.

Amperometric detector, one of the most sensitive detectors for HPLC, can

be used for the microscale detection of the compounds having the functional
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groups that can undergo the oxidation-reduction reaction. However, asthe
oxidation product of analyte accumulates on the surface of the electrode, the
detection sensitivity and reproducibility decrease as time goes. Pulsed

amperometric detection(PAD) was developed to overcome this drawback by
applying oxidation potential(E2) and reduction potential(E3) after the
measuring potential(E1) as the cleaning process of the electrode. Detection
sensitivity and reproducibility were greatly enhanced by this pulse sequence.
Hughes et al. reported microscale analysis of sugar alcohol, sugar, aldehyde,

D9 and

or formic acid using amperometric detector with Pt electrode,
Rocklin ef al. reported the microanalysis of carbohydrate using PAD with Au
electrode’.

This paper describes the analysis of ginseng saponins by ion

chromatographic(IC) separation with PAD.

EXPERIMENTAL
Reagents and Chemicals
Nine kinds of ginseng saponin standards were generous gift from Korean
Tobacco and Ginseng Research Institute and 6-year old white ginseng
was purchased from the local botanical market in Seoul. Distilled deionized
water was prepared with Barnstead ultrapure water system(U.S.A.).
Acetonitrile and methanol were HPLC grade and other chemicals were all

reagent grade.

Chromatography

Ton chromatograph used was Dionex system 4500i Ion Chromatograph
(Dionex, U.S.A.) with 50ul injection loop. Young In 910 pump(Young In Sci.
Co., Korea) with Rheodyne Model 7125 injector was used for HPLC.
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Carbopac PA1 or HPIC-AS4A column(25cm x 4mm i.d., Dionex, U.S.A)
was used for ion chromatographic separation of ginseng saponins. Zorbax
ODS column(8&m x 4mm id., Sum, DuPont, U.S.A) or Lichrosorb
RP-18(25cm x 4mm i.d., 10pm, Merck, Germany) column was used for
reverse-phase HPLC. Shimadzu CTO-6A column oven(Japan) was used to
control column temperature. For the detection of ginseng saponins,
pulsed amperometric detector(Dionex, U.S.A.) with gold-electrode,
Hitachi 1-4200 UV/Vis detector(Hitachi, Japan) and RID-6A RI
detector(Shimadzu, Japan) were used. The chromatogram was recorded using

IBM/PC compatible computer with homemade software.

RESULT AND DISCUSSION

The S/N ratio of ginsenoside Rg, and ginsenoside Rf were observed as the
three potentials for PAD were changed. When El was changed from -0.6 V
to 0.0 V, the S/N ratio increased with the increment of potential and showed
maximum at 0.0 V. The S/N ratio dropped drastically after 0.0 V and kept
constant from 0.2 V to 0.6 V(FIGURE 1). Only a small change in S/N ratio
was observed when E2 and E3 were changed. Therefore, the condition used
for carbohydrate analysis was adapted for E2 and E3, i.e. +0.6V and -0.8V,
respectively'®.

The concentration of NaOH in the mobile phase was changed from 0.1M
to 1.0M and ginseng saponin standard solution was injected. In HPIC-AS4A
column, the retention time of panaxatriol type saponins increased, while
that of panaxadiol type saponins decreased as the concentration of

NaOH increased(FIGURE 2). Ginsenoside Rf and ginsenoside Rh, eluted at

the same time when 0.7M NaOH was used as mobile phase, and the elution
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FIGURE 1. Effect of El to the S/N ratio of ginsenoside Rg,.
HPIC-AS4A column, 1M NaOH, 1ml/min, PAD : T1 720ms,
T2 120ms ( E2 +0.6V ), T3 360ms ( E3 -0.8V )

order was reversed before and after this concentration. In Carbopac PAl
column, only ginsenoside Rg, and ginsenoside Re were eluted(FIGURE 3), and
the retention time of these two saponins increased as the concentration of
NaOH increased(FIGURE 4). The resolution of ginsenoside Rg, and
ginsenoside Re showed the maximum at the mobile phase of 1.0M NaOH in
both columns.

FIGURE 5 shows the effect of column temperature to the capacity factors
of ginseng saponins. The capacity factors increased as the column temperature
rises. Ginsenoside Rb, and Rb, appeared asa single peak over 45°C while
ginsenoside Rc and Rd were newly separated. The selectivity factors between
each saponins were the greatest at 35°C, but the analysis was carried out at
room temperature because the resolution of ginsenoside Rb, and Rb, got

worse at 35°C.
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FIGURE 2. Effect of the concentration of NaOH to the capacity factor
of ginseng saponins. HPIC-AS4A column, lml/min, PAD :
720ms ( 0.0V ), 120ms ( +0.6V ), 360ms ( -0.8V )

nation of g .

Five panaxatriol type saponins were separated well with HPIC-AS4A
column, but panaxadiol type saponins were poorly separated (FIGURE 6).

The calibration curves for panaxatriol type saponins showed good
linearity in the range of 10ng - 10pg, with the correlation coefficient of
0.996 - 0.999, which suggests the dynamic linear range is over three

orders(FIGURE 7).
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FIGURE 3. Chromatogram of mixture of ginsenoside Rg, and Re.
Carbopac PA1 column, IM NaOH, 1mVmin, PAD :
720ms ( 0.0V ), 120ms ( +0.6V ), 360ms ( -0.8V )

Ginsenoside Rg, and ginsenoside Re were analyzed by HPLC/UV and
HPLC/RI detection methods using ODS column to compare the detection limit
with that of IC/PAD method. The detection limits(S/N=2) were 400ng with
UV detection method(207nm), and 8pg with RI detection method, which
were somewhat higher than the reported data(300ng at 207nm with UV

detection)'?.
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FIGURE 4. Effect of the concentration of NaOH to the capacity factor
of ginsenoside Rg, and Re.
( Conditions are as in FIGURE 3 )

The detection limit by IC/PAD was 0.8ng for ginsenoside Re and 1.0ng for
ginsenoside Rg,. The detection limits of other ginseng saponins are as follows
: 1.6ng for ginsenoside Rf, 4.6ng for ginsenoside Rg,, 2.7ng for ginsenoside
Rh,, 43.3ng for ginsenoside Rb,, 29.6ng for ginsenoside Rb,, 50.0ng for
ginsenoside Rc, and 97.4ng for ginsenoside Rd. The detection limits of
panaxadiol type saponins were greater than those of panaxatriol type saponins
because the retention times of the panaxadiol type saponins were longer, which
resulted in broad peak shape and low peak height.

This result shows that ginseng saponins could be several hundred times

more sensitively analyzed using IC/PAD method than conventional
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FIGURE 5. Effect of the column temperature to the capacity factor of
ginseng saponins. HPIC-AS4A column, 1.0M NaOH, 1ml/min,
PAD : 720ms ( 0.0V ), 120ms ( +0.6V ), 360ms ( -0.8V )

HPLC/UYV detection method. With the development of a new column that
can accomplish effective separation of all ginseng saponins, improvement

in detection sensitivity as well as resolution is expected.

CONCLUSION
Ginseng saponins were analyzed by IC/PAD method. The conditions for

the analysis of ginseng saponins were optimized with the change of column,
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FIGURE 6. Chromatogram of mixture of ginseng saponins.
( Conditions are as in FIGURE 5)

column temperature, the concentration of NaOH in the mobile phase, and
potential of El, E2, E3.

Five panaxatriol type saponins, ginsenoside Re, Rf, Rg,, Rg,, Rh,, were
separated on HPIC-AS4A column and detected with PAD. The detection
limit of ginsenoside Re was 0.8ng and the dynamic linear range was over
10°. The correlation coefficient of the calibration curve was better than 0.99

m the range of 10ng - 10pg.
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FIGURE 7. Calibration curve of ginsenoside Rf.
( Conditions are as in FIGURE 5)

So far, the analysis of ginseng saponins by IC/PAD has the drawback that
the resolution of panaxadiol type saponins is unsatisfactory. However, it is
expected that IC/PAD could be a method of choice for the microscale analysis
of ginseng saponins premising the development of suitable column which

can separate all saponins.
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METHOD FOR DETERMINATION OF PARTITION
COEFFICIENTS BY HIGH-PERFORMANCE LIQUID
CHROMATOGRAPHY: APPLICATION TO
O-HYDROXYLBENZENESULFONANILIDES

XTAOLIN SUN, MIN XIN, AND JUN ZHAO

Department of Chemistry
Inner Mongolia University
Huhehot, Inner Mongolia 010021
The People’s Republic of China

ABSTRACT

The capacity factors (log k') for 26 compounds of
widely varying structural types were determined by high-
performance liquid chromatography method using
methanol —water as mobile phase and ODS column as sta-
tionary phase in which free silanol groups were fully sup-
pressed. These determined log k' values are correlated
with known partition coefficient (log Pocr) values of 26
compounds and the regression parameters show that ac-
cordingly there are two sets of correlation lines when 26
compounds are divided into two data sets depending on
their hydrogen-bonding ability. The factors which caused
different partitioning mechanisms of the compounds are
discussed.

As an application, the partition coefficients of a se-
ries of o-hydroxylbenzenesulfonanilides (HBSA) were de-
termined by using obtained relative correlation line and
then correlated with their anthelmintic activities.
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INTRODUCTION

A variety of theoretical and experimental works (1—
3] have shown that the properties of drugs such as ab-
sorbability and transportation are closely correlated with
their hydrophobicity, which is a critical factor affecting
activities of drugs in some cases. As a result, the parti-
tion coefficients (log Pocr) which present hydrophobicity
of drugs are commonly used in studies on QSAR (quanti-
tative structure—activity relationships). Through studing
the anthelmintic activities, we discovered that o-hydroxyl
benzenesulfonanilides (HBSA ) were some very potent
fasciolicides. Our initial studies(4,5] revealed that one of
the most important conditions for HBSA to possess potent
activities was their stability in lipophilic phase of biomem-
branes. For this reason, analysis of the partition coeffi-
cients of HBSA is necessary for us to thoroughly investi-
gate anthelmintic mechanism of these compounds and
search for more potent drugs.

We had previously tried to determine partition coeffi-
cients of HBSA in an n-octanol — water partitioning sys-
tem by the shake-flask technique and failed because of
emulsions forming between n-octanol and water. It is well
known that high-performance liquid chromatography has
been successfully used as a convenient method for deter-
mination of the partition coefficient, so we used the oc-
tadecylsilane (ODS) column as a stationary phase in re-
versed-phase HPLC, on the basis of similarities in the hy-
drophobic partitioning processes occurring in an octanol —
water system and in a reversed-phase HPLC system with
an aqueous mobile phase, to determine partition coeffi-
cients of a series of HBSA compounds. In this studing,
we tried to correlate the determined partition coefficients
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of HBSA to their anthelmintic activities, and we also tried
to clarify the factors which govern the value of k' (capaci-
ty factor) in terms of chemical structure and partition be-
haviour in chromatography on an ODS column.

EXPERIMENTAL

Materials .

All the chemicals used were analytical or chemical
grade. Water for solvents were glass redistilled and
methanol was spectral grade. HBSA compounds were
synthesized in our laboratory and purified by recrystal-
lization method. All samples were dissolved in methanol
at 1 mg/ml, adequate amount of samples was injected on
to the column according to their UV detector responses.

Apparatus :

HPLC was carried out at 30°'C with a Shimadzu LC-
6A system equipped with a SPD-6AV ultraviolet detector
(wavelength range 195 — 700nm) and LC-6A high pres-
sure pump. Chromatographic data were recorded and pro-
cessed on C-R3A data system.

The stationary phase was an ODS column (Shim-
Pack CLC-ODS, 5 p particle size, 150mm X 6mm i. d. ).
These silica packings are fully end-capped to suppress
residual silanol group influences.

The mobile phase was a mixture of water and
methanol. In order to obtain acceptable retention time,
the volume fraction of methanol in mobile phase was set
at 0. 7, the flow rate of mobile phase was constantly 1. 4
ml/min.
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Procedures ;

The correlation between the partition coefficient of
samples and their chromatographic capacity factor k/ (log
k') can be expressed as follows :

].Og POCT=a+blog k’
capacity factor, k' =tt—_0t°
where tr is the sample’s retention time and t, is the reten-
tion time of an unretained substance, determined by for-
mamide.

We had chosen 26 compounds of widely varying func-
tionality and structure types for the determination of k'
values and established correlation described above. All
values of log Poct of these compounds were obtained from
the reference (6]. The pH of the mobile phase was ad-
justed to 3. 0 with acetic acid to avoid the effect of acid
dissociation of the samples and HBSA compounds.

In another experiment, ammonium chloride (0. 035M
in mobile phase) was added to mobile phase as a masking
agent [7] to examine the extent to which the free silanol
groups existed in the stationary phase. Experimental val-
ues of log k' of the 26 compounds is listed in Table 1.

RESULTS AND DISCUSSION

At first, we determined the effect of free silanol
groups in the CLC-ODS column used in our experiments.
By comparing the log k' and log k'x (log k' of the com-
pounds when NH,Cl was added into mobile phase) values
listed in Table 1,it is clear that almost all the values of
log k'~ of the compounds are little less than that of log k'
of the compounds, including the compounds such as ben-
zene, toluene etc. which have minimal interactions with
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Table 1
Experimental Capacity Factors and Literature
Octanol —Water Partition Coefficients
No. Compound log Pocr log k' | log kn'"
1 | Benzyl alcohol 1.10 —0.580 | —0.587
2 | o-Amino benzoic acid 1.21 —0.559 | —0.581
3 | Cyclohexanol 1.23 —0. 557 —0. 545
4 | Phenylacetic acid 1.41 —0.376 | —0.379
5 | Phenol 1. 46 —0. 451 —0. 465
6 | Benzoic acid 1. 87 —0. 301 —0. 324
7 | m-Nitrophenol 2. 00 —0.267| —0.276
8 | m-Methoxylbenzoic acid 2.02 —0.237 | —0.260
9 | Salicylic acid 2.26 0.017 | —0.002
10 | p-Chlorophenol 2. 39 —0.036 | —0.055
11 | 1-Naphthol 2.98 0.128 0.110
12 | p-Todobenzoic acid 3.02 0. 258 0.234
13 | 2,4,6-Trichlorophenol 3.72 0. 588 0. 587
14 | Anisole 2. 11 0.173 0.170
15 | Benzene 2.13 0.174 0.171
16 | p-Nitrotoluene 2.37 0. 202 0.180
17 | m-Nitrochlorobenzene 2. 41 0. 310 0. 300
18 | p-Nitrochlorobenzene 2.41 0.230 0.220
19 | m-Nitrobromobenzene 2. 64 0. 369 0. 340
20 | Toluene 2.69 0. 452 0. 441
21 | Chlorobenzene 2.84 0. 452 0. 445
22 | p-Dichlorobenzene 3.39 0. 662 0. 652
23 | Azobenzene 3.82 0.978 0.978
24 | Diphenyl 4,04 0. 883 0. 859
25 | Phenyl ether 4.21 1. 002 0. 998
26 | Anthracene 4.45 1.123 1.125

% log kn'=log k' of the compounds when NH,CI was

added into mobile phase
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silanol groups. This indicates that the diminished values
of log k'n may not be caused by the effect of silanol group
but by changes in mobile phase ionic strength, for mobile
phase ionic strength is also a factor that can affect parti-
tioning processes for compounds in an HPLC system(8].
We believe that residual silanol groups in the ODS column
have fully been suppressed.

Figure 1 shows a plot of the log Pocr values of these
26 compounds versus their values of log k' determined
from the experiment. Linear regression parameters indi-
cate that a linear relationship between these log Pocr and
log k', and further, after comparing the chemical struc-
ture types of 26 compounds, it is found that.these com-
pounds can be divided into two classes with respect to hy-
drogen-bonding ability(6,9]: (i) HB(hydrogen-bonding) ,
such as phenolic and carboxyl acid compounds etc. and(ii)
NHB (non-hydrogen bonding), such as alkylbenzene,
halogenbenzene and nitrobenzene compounds etc.. As
shown in Figure 1, the HB (compound1~13, see Table
1)and NHB (compound14~26)have good correlations be-
tween log Pocr and log k', respectively. This again veri-
fied the view that partitioning of a compound between wa-
ter and octanol is governed not only by its hydrophobici-
ty, but also by the extent to which the compound can hy-
drogen-bond to octanol.

Table 2 lists the log Pocr vs log k' linear regression
parameters obtained for this HPLC system when the 26
compounds are considered altogether as well as are divid-
ed into one set containing the HB and one containing the
NHB. Except that correlation coefficients and variances
of the fit for the two divided data sets are much better
than that for the overall data set, the regression parame-
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FIGURE 1. Plot of the log Pocr versus the experi-

mental log k' for 26 compounds dis-
cussed
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ters of the correlation lines for HB and NHB are signifi-
cantly different from each other, especially the intercepts
of the correlation lines. As demonstrated in previous
studies (9 —11) the differences in the intercepts of the
correlation lines appears to be directly related to the dif-
ferences in hydrogen-bonding ability between HB and
NHB.

Some papers(12,13]), which reported the similar ex-
perimental phenomena, attributed the causes of the phe-
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Table 2

Log Pocr vs. Log k' Linear Regression Parameters for
26 Compounds Data Set

Parameter All Data NHB HB
slope 1. 806 2. 371 2. 241
intercept 2.223 1.761 2. 461
correlation 0. 960 0. 990 0. 987
coefficient
variance of fit 0.074 0. 016 0.017

nomena to hydrogen bonding of HB to residual silanol
sites on the ODS column. However, as described above,
silanol groups on the ODS column used in our experi-
ments were fully suppressed to minimize interactions be-
tween HB and silanol groups here. Haky and Vemulapalli
(14) had used ODA (Octadecyl-Bonded Alumina) as a
stationary phase in HPLC system to determine the log k’
for compounds of various chemical classes. In contrast to
results obtained with other columns, HB did not need to
be treated as a separate data set on the ODA column to
obtain good correlations between log k' and log Pocr.
This clearly indicates that the HPLC system which used
ODA as a stationary phase is more similar to n-octanol —
water system than the ODS—HPLC system. Therefore,
these data suggest that different partitioning behavior be-
tween HB and NHB in the ODS — HPLC system may be
caused by differences other than those caused by analyte
interactions with silanol groups.
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As an application of the HPLC method, we employed
correlation lines deduced above to estimate the log Pocr of
some HBSA compounds with different substituents. The
general structural formula of these compounds can be rep-
resented as follows:

Cl R, R;
SO, NH R,
Cl Rz RS

compound ;

R,=O0H, R;=R;=R,=R;=Cl

R,=O0OH, R;=H, R;=R,=R;=Cl
R,=O0H, R;=Cl, R;=CH; R,=R;=H
R,=O0H, R;=R;=Cl, R,=R:;=H
R,=O0OH, R;=Cl, R;=R,=R;=H
R;=O0OH, R,=R;=Rs;=H, R,=Cl
R,=H, R,=Cl, R,=0OH, R;=R;=H

Acorrding to result from our previous studies(5,15],
the HBSA compounds shown above (except VI) are con-
sidered non —hydrogen bonding molecules due to intra—
molecular hydrogen bonding, estimated log Pocrvalues of
the HBSA compounds are shown in Table 3.

In concordance with positive value of =, (hydrophobic
constant for halogen atoms), the values of determined log
Pocr of HBSA compounds increased with the total number
of halogen atoms substituted in the benzene rings of the
compounds, but obviously they did not follow the addi-
tive-constitutive property of Hansch’s hydrophobic con-
stants. This will call our attention to the special confor-
mations of these compounds in solution.

SEs<28
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Table 3

The Determined Log Pocr and
Anthelmintic Activities of HBSA Compounds

Compound log k' log Pocr Activity *
I 1. 096 4. 360 + + + +
I 1. 078 4. 317 + + +
I 0. 951 4. 016
Y 0.930 3. 966
v 0. 834 3.738 ++
v 0. 802 3. 663 +
VI 0.766 4.178 —

* The activities of HBSA compounds were examined
in sheep which were experimentally infected. Activities of
compound I and N were not yet obtained.

It was revealed in our earlier paper(5Jthat the pheno-
lic-OH group in the HBSA molecule was the most impor-
tant active-group and the anthelmintic activity of these
compounds is strengthened with increasing acidity of the
phenolic-OH group in their molecules. By correlating log
Pocr of HBSA compounds with their anthelmintic activi-
ties, we are informed that the greater log Pocr (or more
hydrophobic) of HBSA compounds correlate with the
higher anthelmintic activities of the compounds.

In addition, although the log Pocr determined for HB-
SA compound VI demonstrates that the compound is hy-
drophobic, the acid dissociation constant PKa determined
(16Jfor this compound told us that phenolic-OH group in
molecule of HBSA compound VI had extremely weak acid-
ity. For this reason, it is not surprising that HBSA com-
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pound VI possesses no anthelmintic activity. In summary,
the mechanism of biological activity for HBSA compounds
is influenced by a variety of factors such as acidity, hy-
drophobicity and even molecular conformations of HBSA
compounds in solution.
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ERRATUM
cemecled | Augqi/AP

In the paper entitled, "Use of Capillary Zone Electrophoresis for the Analysis
of DNA Binding to a Peptide Derived from Amyloid P Component," which was
published in ). Liquid Chrom., 16:1923-1939 (1993), two figures were
inadvertently mis-captioned.

a) The caption shown with Figure 2 belongs to Figure 3.

b) The caption shown with Figure 3 belongs to Figure 2.

We sincerely apologize for any inconvenience this error may have caused.
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