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CYCLIC OLIGOMER CONSIDERATIONS IN 
THE SIZE EXCLUSION CHROMATOGRAPHY OF 

POL Y(ETHYLENE TEREPHTHALA TE) 

L. MARTIN AND S. T. BALKE 
Department of Chemical Engineering and Applied Chemistry 

University of Toronto 
Toronto, Ontario, Canada M5S lA4 

ABSTRACT 

Room temperature Size Exclusion Chromatography (SEC) for poly(ethylene 
terephthalate) (PET) was developed using a mobile phase mixture of 5% 
hexafluoroisopropanol (HFIP) in methylene chloride (MeCI2). Calibration 
was carried out with three different approaches, each time with and without 
considering the presence of cyclic oligomer in PET samples and standards. 
At typical concentrations of cyclic oligomer a calibration curve generated 
from a chromatogram truncated to eliminate the oligomer peak had its 
slope distorted such that it gave molecular weight average values 
inaccurate by up to 8%, whereas correcting for the oligomer explicitly 
resulted in average errors of about 1 %. Although the effect of this small 
peak may be negligible for typical SEC applications involving repeated 
analysis of similar samples, it may alter the calibration curve significantly if 
not corrected. 

INTRODUCTION 

HFIP is an excellent room temperature solvent for PET but is very costly and 

somewhat hazardous. Its use has been reported as pure mobile phase \ mixed with 

other solvents 2, and as a 2% mixture with chloroform 3, but most commonly as a 

30% (or azeotropic) mixture with methylene chloride 4,5. This paper reports the use 

of 5% HFIP with methylene chloride, a composition which lowers cost and health risk 

yet is still suitable for higher molecular weight and crystalline PET samples. 

Copyright © 1995 by Marcel Dekker, Inc. 
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SEC chromatograms of PET often show a distinct low molecular weight peak which 

corresponds to cyclic oligomers, mainly trimer 3.4. Although the true molecular weight 

of trimer represented by this peak is 576, the peak retention volume corresponds to 

molecular weights ranging from about 275 4 to 2500 6,7 on extrapolated PET 

calibration curves, depending upon the mobile phase used. 

Interpretation of PET chromatograms containing the "trimer" peak requires 

consideration of three main aspects: (i) definition of the chromatogram to be 

interpreted, (ii) assignment of molecular weight averages corresponding to the defined 

chromatogram, and (iii) use of the chromatogram and molecular weight averages to 

obtain calibration curves. These three aspects are discussed in turn in the next 

section. 

THEORY 

Definition of the Chromatogram to be Interpreted 

Figure 1 shows a typical PET chromatogram containing a "trimer" peak. This peak 

originates from the presence of 0.5-1.5% of cyclic oligomers which are mainly trimer 
3,4 

(-CO-C.H.-CO-O-CH2 -CH2 -O-)n' n = 2-9 (1) 

where n = 3 for trimer. As mentioned above, these species may not obey molecular 

weight calibration curves obtained for linear PET molecules. In this solvent system, 

the trimer peak elutes at a retention volume corresponding to a molecular weight of 

about 1000 to 2000. 

The most common method of dealing with this problem is to avoid using the trimer 

peak in the interpretation. This is conventionally done by drawing the baseline to 

intersect the PET chromatogram in front of the trimer peak (Figure 2). In this work 

this "Truncation" approach is compared with two alternatives: allowing the trimer peak 

to remain in the interpreted chromatogram and mathematically subtracting the trimer 

peak. The latter alternative involved fitting the trimer peak with a spline fit. 
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FIGURE 1 Typical chromatogram of PET showing "trimer" peak. 

Assignment of Molecular Weight Averages to the Defined Chromatogram 

Vendor values of Mn and Mw are generally based upon absolute methods such as light 

scattering, viscometry, and osmometry which reflect the presence of all molecules 

actually present in the sample. Thus, when the trimer peak is not included in the SEC 

interpretation, these values must be corrected for the absence of these species so that 

the averages correspond to the molecules represented by the defined chromatogram. 

Assuming the UV detector response factor is the same for all species, the fraction of 

the total area under the trimer peak and the fraction under the remainder of the 

chromatogram (the "linear PET" peak) provide an estimate of the weight fractions of 

cyclic oligomers (wtrimer) and polymer (wpolymer) respectively. Then, the vendor value of 

Mw, Mw ... ru!or is: 

(2) 
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FIGURE 2 Example of truncation of "trimer" peak from chromatogram: original chromatogram and 
baseline (solid lines), truncated chromatogram (dashed line). 

where Mw,po,ymer is the weight average molecular weight of the molecules constituting 

the linear PET peak and Mw.trimer is the weight average molecular weight of the cyclic 

oligomers responsible for the trimer peak. 

Now, solving for Mw,pOlymer and setting Mw,trimer equal to three times the monomer 

molecular weight (3Mo) we obtain: 

·Calibration Curve Determination 

(3) 

Narrow standards of PET are generally not available for calibration. Thus, broad 

molecular weight distributions displaying the usual trimer peak are used in calibration 

curve search methods. Three such methods are examined here: (i) search for a linear 
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calibration curve which, when applied to the chromatogram of the standard, yields the 

"true" Mn and Mw (the "Linear" calibration curve search method) 8; (ii) using a 

polystyrene calibration curve in a search for two groups of Mark Houwink constants to 

derive a PET calibration curve which, when applied to the chromatogram of the 

standard, yields the "true" Mn and Mw (the "Mark Houwink Constants" search method) 

9; and (iii) calculation of a calibration curve from the chromatogram of a PET standard 

of known molecular weight distribution (the "MWO" calibration method). These 

methods are well known in the published literature 10. 

With respect to the MWO calibration method, the molecular weight distribution used for 

standards was obtained from two sources 11,12: vendor supplied molecular we.ight 

distributions obtained via SEC; and by use of the theoretically based "Flory 

distribution" for linear condensation polymers 13. The Flory distribution is described 

by the following equation: 

(4) 

where Wn is the weight fraction of n-mers and p is the degree of polymerization, which 

may be calculated from molecular weight averages with the companion equations for 

these averages: 

M=~ 
, (1 -pI 

M = M (1 +p) 
w 0 (1-p) 

(5) 

In this work the effect of all three of the above factors was of interest: definition of the 

chromatogram used, assignment of the molecular weight averages to the defined 

chromatogram, and calibration curve determination method. Table I shows the 

specific combinations of these factors examined. 

EXPERIMENTAL 

PET samples were dissolved in 30% HFIPI70% MeCI2 at room temperature in less 

than one hour. Highly crystalline PET is more soluble in 30% HFIP than in pure HFIP 

4. The solutions were then diluted down to 5% HFIP, 1-2 mg polymer/mL, before 

injection into the 5% HFIP mobile phase. The addition of 1.0 giL of 

tetraethylammonium chloride to the mobile phase and sample was used to eliminate 

the "polyelectrolyte effect", or agglomeration of polymer molecules 14 (apparent as a 
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Table 1 
Information Used in Calibrations 

Method Standards Chromatogram Molecular Weight 
oligomer peak Information 

Linear. Truncated SId I Truncated Vendor MW Averages 

Linear, Included Std I Included Vendor MW Averages 

Linear, Subtracted Std I Subtracted Corrected MW Averages 

Mark Houwink Constants, Included SId 1,3 Included Vendor MW Averages 

Mark Houwink Constants. Subtracted SId 1,3 Subtracted Corrected MW Averages 

MWD, Truncated SId I Truncated Vendor MW Disbibution 

MWD, Subtracted SId 1,3 Subtracted Synthetic MW Disbibution 

high molecular weight prepeak). An internal standard was required for flowrate 

adjustment as the low bOiling pOint of the solvent mixture tended to cause a non­

reproducible flowrate 15. In PET samples the cyclic Oligomer served as an internal 

standard for correcting flowrate changes from run to run. Trichlorobenzene was used 

for polystyrene samples. 

Detection by UV absorption at 254 nm with a Perkin-Elmer Tri-Det detector provided 

excellent chromatogram signal-to-noise ratio and baseline resolution. Jordi Gel Linear 

columns (Jordi Associates, Inc.) were stable in this solvent mixture for at least seven 

months. A Waters 510 pump and a Hewlett Packard Series 1050 autosampler 

completed the SEC equipment. Data was collected with an ADALab AJD conversion 

card, a PC-compatible computer, and in-house software. 

To evaluate the sensitivity of the system to changes in the sample preparation and 

analysis technique, factorial deSign was used to plan experiments and analysis of 

variance was applied to the resulting molecular weight averages, peak area, and 

oligomer fraction wlrinter• Analysis of samples aged four days showed no significant 

differences, indicating that the polymer was stable in the solvent. High sample 

concentration combined with larger injection volume (ie. 2 mg/mL and 100 iJ.L) affected 

the chromatograms, indicating a limit above which a concentration effect existed in the 

size exclusion separation. All experiments were performed with small enough total 

polymer injection to eliminate this effect. 
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Chromatograms of broad PET standards were defined three different ways with 

respect to cyclic oligomer peaks, as described earlier. With respect to the method of 

subtraction of the trimer peak, a spline fit of the peak shape was obtained from the 

highest molecular weight PET standard. 

RESULTS AND DISCUSSION 

Oligomer Content in PET Standards 

7 

Table 2 shows that the weight fraction of cyclic oligomer in the PET samples used 

ranged from 1.4% for Standard 1 to 0.5% for Standard 4. With this amount of trimer 

removed mathematically from the polymer, scarcely any effect on the vendor values of 

Mn or Mw was evident. Calculated values of degree of polymerization, p, obtained 

from Equation (5) using the Mw.pOlymer values are also shown in Table 2, and are all 

above 0.99. 

There appears to be a strong relationship between wlrimer and p. The weight fraction of 

cyclic oligomer decreased as the degree of polymerization of the sample increased. 

Figure 3 illustrates that equally good fits were obtained with linear, quadratic, or 

logarithmic equations. 

In the published literature there are diverse results with respect to the correlation of 

wlrimer and p. Well-established theory predicts a positive correlation 16, though this 

has not been systematically confirmed for PET. There are numerous reports 

4.17,18,19 that maintaining PET at a temperature between the glass transition and the 

melting point results in a decrease in wtrimer. If the conditions of the heat treatment 

permit solid-state polycondensation 20, large increases in molecular weight may arise, 

indicating a negative correlation between w"imer and p. Keeping in mind that the PET 

standards of different molecular weight are prepared by solid-stating, and that an 

equilibrium distribution of cyclic oligomers may not be present without lengthy 

treatment 19, the negative correlation obtained in this work and elsewhere may be a 

non-equilibrium trend. 
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Name M., Vendor 

SId 1 M, 21,000 M. 
39,000 

SId 2 47,240 

SldS 58,000 

SId 4 71,560 

1.8 

1.6 

1.4 -: .. H 

0 

1.2 

0.6 

wlri ...... 

(mean, 
sld.dev) 

Table 2 
PEr Standards 

M. ... 

1.427% ± M" 21,836 
.097 M. 39,556 

0.957% ± 47,691 
.035 

0.838% 58,485 

0.529% 71,987 

MARTIN AND BALKE 

p .. Comments 

0.99033 American Polymer 
Standards 39K 

0.99198 Eastman 7352, 
solid stated 

0.99345 Eastman 9902, 
solid stated 

0.99467 Eastman 10388, 
solid stated 

0.4L----L--__ ~ __ ~ ____ ~ __ ~ ____ ~ __ ~~ __ _L ____ L_ __ ~ 

99 99.05 99.1 99.15 99.2 99.25 99.3 99.35 99.4 99.45 99.5 

Degree of Polymerization, p, in % 

FIGURE 3 Correlation between Wki.,., and p: linear III (solid line), quadratic fit (dashed line), 
logarithmic fit (dotted line). 
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FIGURE 4 Calibration curves using Linear method: truncated trimer peak (solid fine), included trimer 
peak (dashed line), subtracted trimer peak (dotted). 

A possible reason for this trend involves annealing, which also occurs under heat­

treatment conditions. 11 cyclic oligomers are not incorporated into the growing 

crystalline regions, they will be forced towards an equilibrium concentration with 

respect to amorphous fraction only 4. The weighted average of w'rime, in the semi­

crystalline sample will then decrease as crystallinity increases. Further thermal 

treatment can completely change the crystalline content much more quickly than the 

cyclic oligomer content, so this theory cannot be easily tested without preparing the 

samples from a common starting material. 

Comparison of Calibration Curves and Molecular Weight Averages 

The PET calibration curves obtained from the information summarized in Table 1 are 

plotted in Figures 4 to 6. Molecular weight averages calculated using each calibration 

curve are given in Table 3. For each method, the test chromatograms were defined in 
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FIGURE 5 Calibration curves using Mark Houwink Constants method: included trimer peak (solid 
line), subtracted trimer peak (dashed line). 

the same way as the calibration chromatograms: for instance, to test the Linear 

Truncated calibration curve, the chromatograms for Standards 2, 3 and 4 were also 

truncated. The main points evident in making these comparisons are: 

i) The slopes of calibration curves increased with respect to trimer peak in the 

chromatogram in the order Included, Subtracted, and Truncated. As a result, the 

Linear Truncation calibration overestimated the Mw of the highest molecular weight test 

standard by over 8%, whereas the calibrations using Included chromatograms 

underestimated Mw' The calibrations using the Subtracted chromatograms were most 

accurate across the entire molecular weight range. 

ii) Linear and Mark Houwink Constants methods gave very similar calibration 

curves when used with the same chromatograms and averages. The errors in 

calculated molecular weight averages likewise was very close, though the use of an 
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FIGURE 6 Calibration curves using Molecular Weight Distribution method: truncated trimer peak with 
vendor molecular weight distribution (solid line), subtracted trimer peak with Flory 
distribution (dashed line). 

additional higher molecular weight standard for the Mark Houwink Constants method 

resulted in slightly smaller errors in high molecular weight test samples. 

iii} The MWD method gave calibration curves which overlapped the others in the 

center, but deviated erratically at the tails. This is due to the intrinsic sensitivity of this 

method to the tails of both the chromatograms and the "true" molecular weight 

distributions. In addition, since the calibration data points were fitted with splines, 

extrapolation beyond the molecular weight range of the calibration standard(s) was 

very unreliable, and gave molecular weight averages in very large error. 

iv) The molecular weight predicted for trimer, which is listed in the last column of 

Table 3, is higher than the true value with almost all calibration methods. It is highest 

for calibrations using Included trimer peaks and lowest for Truncated trimer peaks, in 

accordance with the trend of calibration slopes. For calibrations using Subtracted 
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Table 3 
Comparison of Calibration Methods 

Errors in Calculated Molecular Weight Averages' 

Whole Polymer Sample 

Standard and Sid 1 Sid 2 Sid 3 Sid 4 
MWaverages 

Calibration 21000 39000 23737" 47240 29098' 58000 358660 71560 

Linear Truncated 0.1% 0.2% 4.8% 4.4% ·2.0% 1.6% -0.7% 8.2% 

Linear A 0.0% 0.0% 9.8% 0.2"'" 1.0% -4.6% ·0.5% ·5.4% 

Mark Houwink A -0.6% 2.8% 9.5'0/'0 2.4% 1.1% -2.4% ·0.4% -3.6% 

MWDA -2.5% 3.6% 0.8% 11.2% -5.2% 17.4% -4.0% 86.2% 

Linear Fraction 

Standard and Sid 1 Sid 2 Sid 3 Std4 
MWaverages 

Calibration 21836 39556 23961' 47691 29339' 58485 36054' 71937 

Unear B 0.0% 0.0% 12.4% 2.5% 4.5% -0.5% 1.3% 

Mark Houwink B -0.1% 0.5% 12.3% 2.3% 4.8% -0.4% 0.7% 

MWD B -12.6% -1.2% ·1.4% 1.6% -0.8% -2.1% ·17.0% 

Notes: II Values in bold italics were used in obtaining calibration: represent goodness-af-fit of search 
b Calculated from p and w.m« in Table 2 using Equations (3) and (5) 
c:. Calculated from p in Table 2 using Equation (5) 

0.9% 

0.6% 

-1.5% 

MW predicled 
for trimer 

576 

782 

1899 

1575 

891 

MW predicted 
for trimer 

576 

1327 

1031 

120 

trimer peaks and corrected molecular weight averages, which would represent linear 

PET molecules only, the trimer peak elutes at a retention time corresponding to a 

molecular weight of about 1000 to 1300. 

In contrast to the small effect of correcting the molecular weight averages for wlrimer, 

definition of the chromatogram used had a very significant effect on the SEC 

calibration curve obtained. The reasons are evident in the moment analysis plots 10 

for Mn shown in Figure 7. In a moment analysis plot, the areas under the plot across 

a specific retention time range reflects the importance of chromatogram heights in that 

range to the calculation of a molecular weight average. The small changes in the 

extreme low molecular weight tail were magnified in the moment W/M(t) which is used 

in the calculation of Mn. The portion of the chromatogram after 1450 s contributed 

less than 0.05% to the calculation of Mn for the Truncated chromatogram, 4% with 

trimer subtracted, and an inflated 18% with trimer included. The calibration searches 

"found" calibration curves which were pivoted as required to obtain the same 
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FIGURE 7 Moment analysis plots for M,: trimer peak truncated (solid). trimer peak included (dashed), 
trimer peak subtracted (dotted). 

molecular weight average with these differing moment distributions. Moment analysis 

plots for Mw were almost identical for all three chromatograms. 

Note that "known" Mn values for Standards 2, 3, and 4 were estimated using the Flory 

distribution and the oligomer weight fraction. This would appear to be a poor estimate 

for Standard 2, since all calibrations except the two Direct methods gave Mn about 

10% to 12% higher. Standard 2 was the lowest molecular weight standard obtained 

from Eastman, and had been solid-stated 20 the least: perhaps it was not at an 

equilibrium distribution as described by Flory. 

CONCLUSIONS 

A solvent system consisting of 5% hexafluoroisopropanol in methylene chloride was 

demonstrated for the room temperature size exclusion chromatography of 
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poly(ethylene terephthalate). It is a suitable alternative to much more expensive 

and/or hazardous solvent systems, and samples dissolve at room temperature. 

Experiments in a factorial design showed that the effect of sample preparation on the 

chromatograms was not significant, indicating that the polymer is stable in the solvent 

system, though care must be taken to avoid concentration effects. 

The practice of truncating PET chromatograms to eliminate the cyclic oligomer peak 

led to calibration curves which give Mw values too high by up to 8%. Since the cyclic 

oligomers do not elute at retention times corresponding to their true molecular weights 

on a linear polymer calibration, they must be properly removed from both the 

chromatograms and molecular weight averages used to construct calibration curves. 

Of the methods used in this work, a Universal Calibration type of method using 

oligomer-corrected data from multiple PET standards of differing molecular weights 

gave the most accurate calibration curve. A Linear Calibration using one corrected 

standard was almost as good. In order to avoid using both the Universal Calibration 

assumption and narrow PS standards, the Linear Calibration may be preferred, 

especially if it is modified to use more than one standard. The method of Direct 

Calibration, using a known molecular weight distribution for the standard, was 

unreliable beyond the range of molecular weight in the calibration standards as well as 

being too dependent on accurate tails of the chromatograms, which are difficult to 

obtain. 
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ABSTRACT 

I)-Cyclodextrin (I)-CD) was investigated as a mobile phase modifier for the 
separation of fourteen metabolites of benzo[a]pyrene. A wide range of I)-CD 
concentrations was employed, and the chromatographic properties of four different 
classes of metabolites were compared in methanol-water, acetonitrile-water, and 
methanol-acetonitrile-water mobile phases with and without I)-CD. The chromato­
graphic bands for all the metabolites sharpened with I)-CD in the mobile phase. 
The resolution for four classes of metabolites improved with I)-CD in the binary 
and ternary mobile phases. The monohydroxyl-benzo[a]pyrenes used in this study 
were structurally similar and difficult to separate with methanol-water. However, 
with I)-CD in the mobile phase, overall improvement in the separation of the 
monohydroxyl-benzo[a]pyrenes was achieved. Substantial improvement was 
obtained for the separation of 6-hydroxyl-benzo[a]pyrene from 12-hydroxyl­
benzo[a]pyrene with I)-CD in methanol-water and for 2-hydroxyl-benzo[a]pyrene 
from 9-hydroxyl-benzo[a]pyrene with I)-CD in the acetonitrile-water. 

INTRODUCTION 

Polycyclic aromatic hydrocarbons (P AH) can be formed by combustion 

reactions or high-temperature processes involving carbonaceous materials such as 
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coal, coal tar, pitch, asphalt, and oil (1). The potential carcinogenic effect of P AH 

is the basic reason for concern about the levels of these compounds in the working 

environment (2). Some P AH have been shown to cause cancer in animals, and 

they are suspected to be human carcinogens as well (1-3). Of the PAH, 

benzo[a]pyrene (B[a]P) has been studied the most (4-6). The profile of the 

metabolites of B[a]P has been largely worked out by using high-performance 

liquid chromatography (HPLC) (7-15). For example, Selkirk et al. (9-11) 

employed HPLC for the isolation and separation of metabolic isomers of B[a]P. 

Zaleski and co-workers (8) used HPLC to compare the metabolic profiles ofB[a]P 

and B[a]P-t-7,8-dihydrodiol in freshly isolated hepatocyte from mirror carp. 

However, the separation of some of the structural isomers and closely related 

B[a]P metabolites has been difficult to achieve by chromatography (14). 

The use of CD in liquid chromatography as a mobile phase modifier has 

been shown to be effective in the separation of several classes of isomers (16,17). 

Cyclodextrins are a series of macrocyclic oligosaccharides produced by the action 

of Bacillus macerans amylase on starch and contain from 6 to 12 0.-1,4 linked 

D-glucose units (18). The most widely used CD consist of six, seven, and eight 

glucose monomers arranged in a torus shape and are designated as 0.-, 13-, and 

y-CD, respectively (19). The coupling of the glucose moieties gives the CD 

molecule a rigid, conical molecular structure with a hollow interior. The interior 

of the cavity of a cyclodextrin molecule is composed of two rings of C-H groups 

with a ring of glucosidic oxygen in between, allowing the rings to be hydrophobic 

in nature (20). The internal diameters of the cavities of 0.-, 13-, and y-CD are 
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approximately 5.7, 7.S, and 9.5 A, respectively, and the depths are roughly 7.8 A 

(20). The cavities enables the CD to trap guest molecules in their interior, 

resulting in the formation of inclusion or "host-guest" complexes (16,21-23). The 

stability of an inclusion complex depends on the size of CD cavity and on 

intermolecular forces such as hydrogen bonding, van der Waals attraction, and 

hydrophobic interaction. These macrocyclic carbohydrate molecules can be 

discriminating in their inclusion complexing tendencies toward different structural, 

positional, or stereoisomeric molecules. 

~-Cyclodextrin has been used as a mobile phase modifier in the separation 

of structural isorne.rs (16,24-25). For example, Mohseni and Hurtubise (16) 

investigated the effects of J3-CD on the separation of several structural isomers and 

concluded that the addition of ~-CD to the mobile phase in HPLC resulted in 

dramatic improvements in the separation of structurally similar hydroxyl aromatics. 

Woodberry et aI. (21) investigated the effects of 13- and y-CD bonded-phase 

columns on the separation of two of the metabolites of benzol a ]pyrene isomers. 

Their results suggested that HPLC methodology with CD as a stationary phase or 

as a mobile phase additive could be used to separate B[aJP-t-7,S-dihydrodiol from 

its 9, I 0-isomer. 

We previously reported a systematic method for determining optimal 

mobile phases for the separation of a complex mixture of B[a}P metabolites (26). 

That work was based on the window diagram approach (27-29), and the solubility 

parameter optimization method (30). A mixture offourteen B[aJP metabolites was 

separated by us using optimization procedures developed for binary and ternary 

mobile phases (26). Also, the retention characteristics of the fourteen different 
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metabolites of B[a]P were investigated using methanol-water, acetonitrile-water, 

and methanol-acetonitrile-water mobile phases (26). 

The purpose of this work was to assess the effects of ~-CD as a mobile 

phase modifier for separating B[a]P metabolites and the effects of ~-CD on the 

compound-class separation of the metabolites. a-Cyclodextrin was not 

investigated in this work because its cavity size is too small for the metabolites, 

and y-CD was not investigated in this work because of its expense. 

EXPERIMENTAL SECTION 

Apparatus 

The liquid chromatographic system consisted of a Waters Model 6000A pump 

(Waters Associates, Milford, MA) connected to a U6K injector, a dual-channel 

ultraviolet detector model 440 detector set at 254 nm and a dual-channel 5.0 V 

recorder (Linear Instruments Co. Concord, CA). A model FlAtron temperature 

controller (Oconomowoc, WI) was employed to keep the temperature of the 

column constant at 25 ± 0.10 C. The column employed was a 5-~ BakerBond 

CI8 (250 mm x 4.6 mm i.d.) purchased from J. T. Baker (Pillipsburg, NJ). 

Reagents 

The benzo[a]pyrene (B[a]P) metabolites were purchased from the National 

Cancer Institute (NCI) repository at Midwest Research Institute (MR!, Kansas 

City, MO). The ~-CD samples were obtained from Aldrich (Milwaukee, WI). 

Methanol and water were HPLC grade and were purchased from J. T. Baker Inc. 

(Pillipsburg, NJ). Acetonitrile was HPLC grade and was obtained from Fisher 

Scientific (Fair Lawn, NJ). 
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Procedures 

The organic modifiers and water were prefiltered through a Millipore type 

HA 0.45 /lm filter. An accurately weighed amount of f3-CD, which was vacuum 

dried at 75° C for 8 hr, was dissolved in pre filtered water. Then, the appropriate 

amount of organic modifier was added to the f3-CD solution. After complete 

dissolution at room temperature, the remaining amount of mobile phase was added 

to the volumetric flask to bring the volume to 1000 mL. Solutions of 0.1 mg/mL 

for individual metabolites and 0.01 mg/mL for the mixture of fourteen standards 

were prepared in methanol or acetonitrile, depending on the mobile phase 

composition. To prevent decomposition of the metabolites, the standard solutions 

were stored under nitrogen gas at _15 0 C and in the dark. The column void 

volume was obtained by injecting a methanol or acetonitrile solution of potassium 

nitrite. 

Mobile Phases and 6-CD Concentrations 

Optimum mobile phases from a previous investigation (26) and other 

binary mobile phases were employed in this study to determine the effects of 

f3-CD on the retention characteristics of the fourteen metabolites. The 

methanoI:water (MeOH:H20, v:v) solvents used for the metabolites were, 55:45 

for a mixture of four tetrols, and 65:35, 70;30 and 81.75:18.25 for a mixture of 

fourteen metabolites. The maximum analytical concentrations of f3-CD in 

MeOH:HzO mobile phases of 55:45,65:35,70:30 and 81.75:18.25 were 5.0,4.6, 

3.5 and 2.0 mM, respectively. 
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The acetonitrile:water (ACN :H20, v:v) composition used for the separation 

of the fourteen metabolites were 60:40 and 65:35. The largest analytical 

concentration of ~-CD in ACN:HP solvents were for 60:40, 3.0 mM, and for 

65:35,2.0 mM. The methanol:acetonitrile :water (MeOH:ACN:HP) composition 

was 17:50:33 (v:v:v). The maximum amount of ~-CD that could be dissolved in 

this ternary mobile phase was 2.0 mM. 

RESUL TS AND DISCUSSION 

Effects of the Percentage of Methanol and !3-Cyc1odextrin Concentration on the 

Retention Characteristics of the Metabolites of Benzo[alpyrene 

Previously, we used mobile phase optimization methods to determine an 

optimum binary mobile phase for the metabolites (26). In this work, several 

different concentrations of f3-CD were investigated with the optimum binary 

mobile phase, MeOH:H20 (81.75:18.25). This optimum mobile phase had a high 

percentage ofmethanol, therefore the maximum analytical concentration that could 

be dissolved in this mobile phase was 2.0 mM ~-CD. With this concentration, the 

overall retention times for the mixture of fourteen metabolites were reduced and 

the bands were sharper. Also, the order of separation of the metabolites was the 

same as with the mobile phase without j3-CD. However, as discussed below, 

better separation of the metabolites was obtained with f3-CD when the percentage 

methanol was lower than in the optimum binary mobile phase. 

Our earlier investigation with different percentages of methanol as an 

organic modifier indicated that the two most difficult pairs of metabolites to 

separate were 6-0H-B[a]P and 12-0H-B[a]P, and 2-0H-B[a]P and 9-0H-B[a]P 
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(26). Als{), in this work, lower percentages of methanol and I)-CD gave better 

separation of the metabolites than higher percentages of methanol. Therefore, 

smaller percentages of methanol with a wide range of I)-CD concentrations were 

emphasized in this work. The capacity factors of the fourteen metabolites of 

B[a]P with different concentrations of I)-CD in MeOH:HzO (70:30, 65:35 and 

55:45) were obtained. The retention properties of the metabolites were compared 

in MeOH:HzO with and without I)-CD and with other binary and ternary mobile 

phases as well. Criteria such as, the decrease in the capacity factors, class 

separation, band sharpening and increased resolution between the most difficult 

peak pairs of isomers were compared with and without I)-CD. It was found that 

the retention properties of the monohydroxylated B[a]P were affected the most by 

increasing the I)-CD concentration in MeOH:H20 (70:30 and 65:35). For example, 

the k' value of 6-0H-B[a]P changed from 19.4 with no I)-CD in the mobile phase 

to 17.22 with 3.5 mM I)-CD in MeOH:H20 (70:30) (Table 1). The k' value of 

12-0H-B[a]P was reduced from 19.22 without I)-CD to 16.4 with the addition of 

3.5 mM I)-CD in MeOH:HzO (70:30). With MeOH:H20 (70:30) and I)-CD small 

changes in k' values of tetrols were obtained (Table 1). Benzo[a]pyrene-t-7,8-

dihydrodiol and the diones showed relatively larger changes in their k' values with 

MeOH:H20 (70:30) and I3-CD. Also, because of the small retention times for 

tetrols and B[a]P-t-9,10-dihydrodiol, there was overlap between these two classes 

of metabolites when using the MeOH:H20 (70:30) and I3-CD mobile phase. 

Therefore, a good separation for the four tetrols and B[a]P-t-9,1O-dihydrodiol was 

not obtained in a mixture of fourteen metabolites with this mobile phase. As seen 
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in Table I, there was a decrease in retention of all of the metabolites with J3-CD 

in the mobile phase. 

The retention characteristics of fourteen metabolites of B[a]P with 

MeOH:H20 (65:35) over a wide range of f)-CD concentrations were also studied. 

Table 2 lists the capacity factors of the fourteen metabolites in MeOH:Hp (65:35) 

with different amounts of f)-CD. The k' values were rather large for the hydroxyl 

aromatics with this mobile phase compared to MeOH:Hp (70:30). However, a 

relatively large decrease in the k' values of the monohydroxyl-B[a]P metabolites 

was obtained with increasing j3-CD concentration in MeOH:H20 (65:35). For 

example, the k' values for 3-OH-B[a]P in the absence of j3-CD was 42.86, whereas 

with 4.6 mM j3-CD present, it was reduced to 32.11. This was mainly due to the 

higher concentrations of j3-CD that were achieved with MeOH:Hp (65:35) mobile 

phase compared to MeOH:H20 (70:30) (see Table 1 and Table 2). 

Separation of a Complex Mixture of the Metabolites 

Comparison of the chromatograms in Figures la and 1 b for a mixture of 

the fourteen metabolites with MeOH:H20 (65:35) indicates, band sharpening, a 

decrease in the retention times, and the separation of 6-0H-B[a]P and 12-0H­

B[a]P isomers with 4.0 mM of I)-CD as a mobile phase modifier. However, 

significant improvement in the separation ofB[a]P-l,6-dione and B[a]P-3,6-dione 

was not obtained with f)-CD. Three classes of metabolites were separated, namely, 

monohydroxyl-B[a]P, diones, and dihydrodiols (Figure Ib). Nevertheless, the 

chromatographic bands overlapped for B[a]P-t-9,1O-dihYdrodiol and the tetrols 

with and without f3-CD (Figures la and Ib). 
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TABLE 1 
The k'-Values of the Metabolites of Benzo[a]pyrene for Methanol-Water (70:30) with 
Different Concentrations (mM) of I3-CD 

(3-CD (mM) 

Solute" 0.0 1.0 2.0 2.5 3.0 3.5 

0.81 0.8 0.78 0.78 0.76 0.76 

2 0.98 0.94 0.91 0.91 0.85 0.84 

3 1.02 1.03 1.04 1.05 1.0 0.85 

4 1.36 1.35 1.35 1.35 1.3 1.22 

5 1.27 1.25 1.22 1.22 1.17 0.83 

6 5.56 5.02 4.26 4.26 4.15 3.93 

7 9.51 9.15 8.15 8.11 7.93 7.27 

8 11.56 10.91 10.37 10.46 8.9 9.75 

9 19.22 19.15 18.11 17.44 17.10 16.40 

10 18.76 17.92 16.9 16.5 16.82 16.77 

11 19.0 18.3 17.3 16.6 16.4 16.0 

12 22.72 21.0 20.6 20.0 19.3 18.3 

13 24.02 23.2 22.42 22.42 22.28 22.02 

14 19.40 19.1 18.55 18.30 18.01 17.22 

" I. Benzo[a]pyrene-r-7,t-8,9,c-IO-tetrahydrotetr{)I (I-I) 
2. Benzo[a]pyrene-r-7,t-8,c-9,t-lO-tetrahydrotetroI (II-I) 
3. Benzo[a]pyrene-r-7,t-8,9,IO-tetrahydrotetrol (1-2) 
4. Benzo[a]pyrene-r-7,t-&,c-9,1O-letrahydrotetrol (11-2) 
5. Benzo[a]pyrene-trans-9, I O-dihydrodioI 
6. Benzo[ a]pyrene-trans-7 ,8-dihydrodioI 
7. Benzo[a]pyrene-I,6-dione 
8. Benzo[a]pyrene-3,6-dione 
9. 12-Hydroxybenzo[a]pyrene 

10. 9-Hydroxybenzo[a]pyrene 
II. 2-Hydroxybenzo[a]pyrene 
12. 7-Hydroxybenzo[a]pyrene 
13. 3-Hydroxybenzo[ajpyrene 
14. 6-Hydroxybenzo[a]pyrene 

The structures of the c{)mpounds are given in Ref. 26. 
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TABLE 2 
k/-Values Obtained for Metabolites of Benzo[a)pyrene with Methanol-Water (65:35 
v/v) with Different Concentrations (rnM) of I3-CD 

[3-CD (mM) 

Solute' 0.0 2.0 3.0 4.0 4.5 4.6 

1.11 1.1 1.07 0.98 0.96 1.00 

2 1.31 1.32 1.31 1.17 1.15 1.15 

3 1.57 1.55 1.51 1.35 1.34 1.34 

4 2.07 1.98 1.97 1.82 1.8 1.8 

5 1.84 1.8 1.8 1.73 1.72 1.71 

6 7.27 7.1 6.95 6.51 6.28 6.24 

7 13.3 12.96 12.86 12.42 12.33 12.28 

8 17.04 16.95 16.55 15.88 15.57 14.91 

9 33.04 32.5 30.35 26.42 24.86 24.15 

10 31.54 31.05 29.66 25.84 24.51 24.2 

11 31.72 31.0 29.75 25.17 24.2 23.89 

12 39.8 38.98 37.88 31.93 30.02 30.03 

13 42.86 40.05 39.97 33.57 32.37 32.11 

14 33.72 32.1 31.84 27.45 25.6 25.4 

, See the footnote in Table I for the names of the compounds. 

The structures of the compounds are given in Ref. 26. 

Comparison of the results between the two mobile phases, MeOH:H20 

(65:35) and MeOH:Hp (70:30), indicated similar results for the compound class 

separation with different concentrations of [3-CD, except the k' values were shorter 

with the MeOH:Hp (70:30). However, with MeOH:H20 (65:35) and 4.0 roM of 

IJ-CD, the four tetrols and B[a]P-t-9,10-dihydrodiol were partially separated and 

6-0H-B[a]P was separated from 12-0H-B[a]P. In contrast, with MeOH:H20 
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FIGURE 1. Chromatograms of the fourteen metabolites ofbenzo[a]-pyrene obtained 
with MeOH:H20 (65:35) (a), and MeOH:H20 (65:35) with 4.0 mM 
I3-CD (b) on a 5.0 I-fJ11 CI8 column. The names of the compounds are 
given in the footnote of Table I. 
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(70:30) and 3.5 mM ~-CD, the four tetrols and B[a]P-t-9,1 O-dihydrodiol 

overlapped and 6-0H-B[a]P was partially separated from 12-0H-B[a]P. Also, 

there was no improvement in the resolution of2-0H-B[a]P and 9-0H-B[a]P with 

either mobile phases. An increase in the concentration of f3-CD in both 

MeOH:H20 (70:30) and (65:35) only affected the retention characteristics of 

tetrols and dihydrodiols slightly because of the small k' values for these two 

classes of metabolites. In spite of the relatively large retention times with 

MeOH:H20 (65:35) and 4.0 mM ~-CD, a good overall separation of thirteen 

compounds from the mixture of fourteen metabolites was obtained (Figure Ib). 

Thus, MeOH:H20 (65:35) with ~-CD was a more useful mobile phase than 

MeOH:Hp (70:30) for the separation of a mixture of the metabolites. 

Dependence of Capacity Factors of Tetrols on B-CD Concentration 

The detection of tetrols in human body fluids and lower animals indicates 

the presence ofB[a]P-DNA adducts. Thus, the study of tetrols is very important 

in cancer research. To examine the effects of different concentrations of ~-CD on 

the chromatographic properties of the four tetrols, MeOH:H20 (55:45) mobile 

phases with and without ~-CD were investigated. The k' values of the tetrols for 

different analytical concentrations of ~-CD (0.0, 2.0, 3.0, 4.0 and 5.0 mM) were 

obtained. The MeOH:Hp (55:45) mobile phase was used because the tetrols 

showed a much greater change in their retention times compared to MeOH:H20 

mobile phases with compositions of 81.75:18.25,70:30, and 65:35. The k' values 

for the monohydroxyl metabolites with MeOH:Hp (55:45) were very large, and 

thus this mobile phase was not useful for the separation of the fourteen 



BENZO[ a]PYRENE METABOLITES 

8 

"' ~ 6 
-0 
> 
1 

:::.: 

4 

o 2 

mM [~-CD] 

3 

o Tetrol 1-1 
• Tetrol 1J-1 
V Tetrol 1-2 
... Tetrol 1J-2 

4 

29 

5 

FIGURE 2. Plots of k' values versus f3-CD concentration for the four tetrols in 
MeOH:H20 (55:45 v/v) at 25° C. 

metabolites. Figure 2 shows the effects of the f3-CD concentration on the retention 

of the four stereoisomers of the tetrols. As indicated in the Figure, a linear 

relationship was obtained between k' and i3-CD concentration for each of the 

tetra Is. It is important to compare the changes in the capacity factors of the four 

tetrols with MeOH:H20 (55:45) in the presence of f3-CD. For example, 

benzo[a]pyrene-r-7,t-8,c-9,IO-tetrahydrotetrol (tetra I II-2) showed a larger 

reduction in its k' values with an increasing i3-CD concentration compare to the 

other three tetrols (Table 3). The decrease in the capacity factors of tetra Is with 

I)-CD in MeOH:H20 (55:45) resulted in the band sharpening, reduction in band 

width and a better separation of tetrols, which was due to their ability to form 
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TABLE 3 
k'-Values of Tetrols with Methanol-Water (55:45 v/v) with Different Concentrations 
(mM) of (3-CD 

f3-CD (mM) 

Solutes' 0.0 1.0 2.0 3.0 4.0 5.0 

1 (1-1) 4.45 4.2 3.95 3.76 3.47 3.17 

2(II-l) 5.3 5.05 4.82 4.53 4.19 3.92 

3 (1-2) 6.1 5.92 5.69 5.26 4.83 4.52 

4(II-2) 8.6 8.25 7.93 7.44 6.85 6.41 

• See the footnote in Table I for the names of the tetrols. 

The structures of the tetrols are given in ref. 26. 

inclusion complexes with f3-CD. The best mobile phase investigated for the 

separation of tetrols was MeOH:Hp (55:45) with 5.0 mM of f3-CD. 

Effects of the Composition of Acetonitrile and B-Cyclodextrin Concentration on 

the Retention of BfaJP Metabolites 

In the absence of cyclodextrin, the retention of the fourteen B[a]P 

metabolites decreased as the acetonitrile (ACN) percentage increased in the mobile 

phase. At about ACN:HP (55:45), the k' values of the monohydroxyl-B[a]P were 

approximately 20, and the k' values became substantially greater at lower 

percentages of acetonitrile (26). At a percentage of75% ACN, or greater, a white 

complex with small concentrations of f3-CD formed. Thus, these ACN:H20 

mobile phases could not be used with f3-CD. To examine the effects of f3-CD and 

ACN on the retention characteristics of the metabolites, lower percentages of ACN 

were investigated (60:40 and 65:35). 
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With ACN:H20 (60:40) four classes of metabolites, namely, tetrols, 

dihydrodiols, diones, and monohydroxyl-B[a]P, were separated with or without 

j3-CD as a mobile phase additive. An increase in the concentration of j3-CD didn't 

show a significant affect on the k'-values of tetrols and dihydrodiols. These 

results are related to the low retention times for these two classes of metabolites. 

The overall separation of the mixture of fourteen metabolites with ACN :HzO 

(60:40) and j3-CD was essentially the same as with ACN:H20 (65:35) and j3-CD. 

Generally, retention times decreased and the bands were sharper with j3-CD 

in ACN:H20 (65:35) mobile phase compared to ACN:H20 (65:35) or MeOH:H20 

(65:35). Also, 2-0H-B[a]P and 9-0H-B[a]P were separated with ACN:H20 

(65:35) and j3-CD compared to MeOH:HzO (65:35) and j3-CD (compare Figure lb 

and Figure 3). This pair of isomers was one of the most difficult pairs to separate 

with MeOH:HzO mobile phases. Evidence for sharpening of the bands is shown 

in Figure 3 for these two hydroxyl aromatics with j3-CD present in ACN:H20 

(65:35) compare to ACN:H20 (65:35). An earlier investigation with the fourteen 

metabolites (26) indicated that the ACN:H20 (65:35) was capable of separating at 

least thirteen metabolites from a mixture of fourteen metabolites. Similar results 

were obtained by addition of j3-CD to the mobile phase. Figure 3 shows the 

advantages of using f)-CD as a mobile phase additive in ACN:HzO (65:35). 

Comparison between this chromatogram and chromatogram obtained with 

ACN:HzO (65:35) (26) indicated: a) decrease in the overall retention times, 

b) sharper bands in the chromatogram (Figure 3), and c) improvement in the 

compound-class separation. 
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FIGURE 3. Chromatogram of fourteen metabolites ofbenzo[a]pyrene obtained with 
ACN:H20 (65:35) with 1.5 mM [:I-CD at 25° C. The names of the 
compounds are given in the footnote of Table 1. 

Comparison of MeOH:H20 and ACN:H2Q 

Comparison of Figure 3 and Figure Ib, shows that 2-0H-B[a]P and 9-0H-

B[a]P can be separated with ACN:H20 (65:35) and [:I-CD. However, with 

MeOH:Hp (65:35) and 4.0 mM of [:I-CD the four tetrols were separated 

somewhat better than with ACN:H20 (65:35) and I3-CD (compare Figures Ib and 

Figure 3). In addition, Figure Ib shows the effectiveness of [3-CD in the 

separation of structural isomers, 6-0H-B[a]P and 12-0H-B[aJP. These two 

isomers could not be separated with just methanol-water (Figure Ia). Also, 

MeOH:H20 (65:35) with 4.0 mM of [3-CD is capable of separating at least twelve 
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of the metabolites (Figure Ib). In co.ntrast, ten of the metabolites were separated 

with ACN:HP (65:35) and 1.5 rnM of /}-CD (Figure 3). Larger k' values for the 

six monohydroxyl-B[a]P metabolites were obtained with MeOH:Hp (65:35) and 

f3-CD (Table 2) compared to ACN:H20 (65:35) (Figure 3). Generally, ACN:H20 

(65:35) with 1.5 mM f3-CD was a better mobile phase for the separation of this 

class o.f metabolites. However, to obtain a better separation with a geed baseline 

reso.lution of the feurteen metabo.lites MeOH:HzO (65:35) with 4.0 mM of f3-CD 

is preferable. 

Effects of a Ternary Mobile Phases and 6-CD Concentration on the Capacity 

Factors of the Metabolites 

The retention characteristics of the fourteen metabelites ofbenzo[a]pyrene 

with different analytical concentrations of f3-CD (0.0, 1.0, 1.5, 1.7 and 2.0 mM) 

and MeOH:ACN:H20 (17:50:33 v/v/v) were obtained, because it was shown 

earlier that this ternary mobile phase was effective in separating the fourteen 

metabolites (26). With this mobile phase, the k' values for the tetrels and 

dihydrodiels didn't change significantly with increasing f3-CD cencentratien. For 

example, the k' value efbenzo[a]pyrene-trans-7,8-dihydrodiol decreased from 2.26 

with no. f3-CD to 2.01 with 2.0 mM f3-CD. The small changes in the k' values of 

the dihydrodiols indicated a weak guest-host interaction between these metabolites 

and (j-CD. The dienes had relatively large k' values with f3-CD in the ternary 

mobile phase. An increase in the concentratien of f3-CD to. 2.0 rnM reduced the 

k' values ef beth dienes abeut 1.5-feld. The k' values fer the monohydroxylated 

compeunds also decreased with an increase in the f3-CD concentration. For 
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example, the k' values of 12-0H-B[a]P and 9-0H-B[a]P were about 9.8 and 10, 

respectively, with the ternary mobile phase (26). With 2.0 rnM f3-CD, the 

k'-values for these two metabolites decreased to 6.4 and 6.9, respectively, resulting 

in band sharpening and shorter retention times and separation of these two 

compounds from each other. Thus, an increase in the concentration of f3-CD to 

2.0 rnM resulted in the reasonable elution times 1<k'<15 and band sharpening for 

the metabolites of benzo[a]pyrene. 

CONCLUSIONS 

The addition of f3-CD to the mobile phases in this investigation resulted in 

a decrease in the capacity factors, band sharpening, and compound-class 

separation. Without f3-CD in methanol-water mobile phases, two pairs of 

monohydroxyl isomers (6-0H-B[a]P and 12-0H-B[a]P, and 2-0H-B[a]P and 

9-0H-B[a]P) could not be separated. However, with f3-CD in MeOH:Hp (65:35), 

6-0H-B[a]P and 12-0H-B[a]P were separated. MeOH:Hp (55:45) with 5.0 rnM 

f3-CD was a better mobile phase than either the ACN:HP or the ternary mobile 

phases with f3-CD for the separation of the four tetrols. Using ACN:H20 (65:35) 

and 2.0 rnM f3-CD, the monohydroxyl metabolites were separated with a shorter 

retention time compared to the MeOH:H20 (65:35) with 4.0 mM f3-CD. Also, 

2-0H-B[a]P was separated from 9-0H-B[a]P with ACN:H20 (65:35) and 2.0 mM 

of f3-CD. These two metabolites were the most difficult pairs to separate with 

different concentrations of f3-CD in the MeOH:H20 mobile phases. Four classes 

of metabolites namely, tetrols, dihydrodiols, diones, and monohydroxyl-B[a]P were 

separated with ACN:H20 (65:35) and f3-CD. Addition of f3-CD to the ternary 
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mobile phase MeOH:ACN:H20 (17:50:33) improved the separationof9-0H-B[a]P 

and 12-0H-B[aJP, because of a stronger interaction between ~-CD and 12-OH-

B[aJP (26). The elution order of the fourteen different metabolites ofB[aJP didn't 

change by addition of ~-CD to the binary or ternary mobile phases. However, the 

overall separation of the metabolites improved significantly by addition of ~-CD 

to methanol-water compared to acetonitrile-water or ternary with ~-CD (Figure 1 b 

and Figure 3), especially in the region of the tetrols and B[aJP-t-9,1O-dihydrodioi. 

The disadvantage of MeOH:H20 (65:35) with ~-CD was the relatively large k' 

values for the monohydroxyl compounds. 
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ABSTRACT 

Radial flow CRF) column configurations have been developed for larger 
scale production liquid chromatography, with the primary purpose of increasing 
throughput rates and decreasing trans-bed pressure drops in comparison to 
conventional axial flow CAF) columns. The RF columns have been quite 
successful in attaining these two objectives. In this work, we investigated the 
nature of protein band dispersion in both axial and radial flow chromatography 
column configurations, utilizing S-200 Sephacryl gel filtration media with 
bovine serum albumin as the applied protein. The effects of input feed flow 
rate as well as input feed albumin concentration on the nature of protein band 
dispersion were studied. Protein band dispersion was quantified by examining 
the shape of the eluting protein peak and measuring peak height-to-width 
(HTW) ratio's for the various flow rates and feed concentrations used in the 
study. Our results indicate that protein dispersion was larger in RF columns as 
indicated by smaller peak HTW ratio's than those obtained for AF columns, 
operated at the same flow rates and feed protein concentrations. We also found 
that moderately increasing the flow rate increased peak HTW ratio's and 
resulted in sharper peaks for both AF and RF columns. 

INTRODUCTION 

Radial flow (RF) columns were first developed to handle large gas flow 

rates through packed catalyst beds with minimal pressure losses across the bed 

39 
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(1). Since their development, the fluid mechanics (2) and kinetics (3) of RF 

systems, as well as their extension to reverse osmosis (4) and cell culture (5) 

systems have been studied. 

Columns for RF chromatography were soon developed (6) and their 

applications demonstrated that reduced trans-bed pressure drops as well as 

increased throughputs could be achieved. RF columns have been commercially 

available for some time (6,7), and they have been utilized for the purification of 

plasminogen (8) and other biologicals (9). In our laboratories we have 

documented decreased process times and trans-bed pressure drops and increased 

throughputs (10) and studied their application to affinity systems and shown that 

both RF and AF systems perform equivalently (1). 

Schematics of the RF and AF columns are depicted in Figure la and lb, 

respectively. As can be seen from the figure, the cross sectional area normal to 

the flow direction will either be increasing (as in the case of centrifugal [CF] 

flow) or decreasing (as in the case of centripetal [CP] flow). Thus, the linear 

velocity in CF flow in RF columns is decelerating while that in CP flow is 

accelerating. In an AF column, on the other hand, the cross-sectional area 

normal to the flow direction is constant, resulting in a flow with constant 

velocity. The implications of this is that mass transfer coefficients and radial 

dispersion cannot be assumed constant in the flow direction (12). Thus, protein 

band spreading will differ for the RF and AF columns. 

In this study, we investigated the nature of protein band dispersion in 

both AF and RF columns. We utilized columns of the same total volume (50 

mls) and similar bed height (AF: 2.9 cm; RF 3.0 cm) packed with Sephacryl S-
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Figure 1: Schematic of radial flow (1a) and axial flow (1 b) column flow 
configurations, indicating dimensions of experimental study 
columns. 
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200 gel filtration media. We utilize bovine serum albumin (BSA) to investigate 

the shape of the eluting peak from both columns packed with S-200 resin. 

Protein band dispersion was quantified by measuring peak height to width (htw) 

ratio's, and the effects of feed flow rate and inlet protein concentration on band 

spreading were also investigated. 

MATERIALS AND METHODS 

Columns 

The axial flow column was purchased from Kontes Glass (Vineland, NJ). 

It had a diameter of 4.8 cm and was fitted with top and bottom flow adapters. 
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The resin was packed into the column by gravity settling and the height of the 

column was adjusted to yield a bed height of 2.8 cm, which resulted in a 

column of volume 50 cm3 • The area of the bed normal to flow was 18.1 cm2
• 

The radial flow column was purchased from Sepragen (San Leandro, 

CA). The inner annulus had a radius of 1.0 cm and the outer annulus was 4.3 

cm in radius, and the annular bed thickness (height) was 3.0 cm. The column 

was 0.95 cm high, resulting in a bed volume of 52 cm3
• The cross sectional 

area normal to flow at the inner annulus was 5.96 cm2 and that at the outer 

annulus was 25.67 cm2 • Detailed diagrams of both columns are shown in 

Figure 1. 

Sephacryl S-2OO gel filtration resin was obtained from Sigma Chemical 

(St. Louis, MO). 

Proteins and Chemicals 

Bovine serum albumin (BSA) and blue dextran were obtained from 

Sigma. All chemical used were reagent grade and obtained from Sigma as well. 

Experimental Protocol 

The columns were packed with the resin according to the manufacturer's 

instructions. After packing, the resin beds were equilibrated with 5 column 



PROTEIN BAND DISPERSION 43 

volumes (CV) of 0.3M NaC!, 0.02M NaH2P04, 0.02% NaN3 at pH 7.0. A 1-

ml solution of protein at a concentration of 1.0 mg BSA/ml was injected in-line 

to the column and the pump (Masterflex Digital Unified Drive, Cole Parmer, 

Chicago, IL) was switched on at a flow rate of 2 mllmin. The column effluent 

was monitored by a UV detector set at 280 nm (Gilson 112 UVNIS, Gilson 

Medical Electronics, Middleton, WI), and the output from the detector was 

recorded on a strip chart recorder (BD40, Kipp and Zonen, Delft, Holland). 

The protocol was repeated using protein concentrations of 2.5,5.0 and 7.5 

mg/ml at the same flow rate of 2 mllmin. These experiments were then 

repeated again at a fixed protein feed concentration for flow rates of 5, 10 and 

15 mllmin. 

Data on the peak height of the eluting protein band was collected and the 

peak width at half height was also measured. Peak height-to-width ratio's were 

then calculated and the data is presented to show the effect of feed protein 

concentration and feed flow rate on peak htw ratio for both AF and RF column 

configurations. 

RESULTS AND DISCUSSION 

In an RF column, the linear velocity with which the mobile phase moves 

through the packed bed is not constant. Figure 2 shows the radial velocity 

profile for four different flow rates that were utilized in this study, for the 

centrifugal flow situation. These plots were obtained by dividing the flow rate 

by the area, which is a function of radial distance. As the figure demonstrates, 
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Figure 2: Radial velocity profile for centrifugal flow in an RF column. 

larger flow rates result in larger differentials between the inlet velocity and the 

velocity at the outlet of the radial packed bed. In the case of the AF column, 

the cross sectional area normal to flow is constant and thus the linear velocity 

through the axial bed will be constant. 

In the analysis of chromatography systems, the ratio of peak height to 

width provides information about the extent of protein band spreading that 

occurs as the protein flows through the chromatographic bed. When protein is 

introduced into a chromatography bed, it begins its passage as a tight plug that 

is subjected to radial and axial dispersion as it moves through the column. As 

it emerges from the column, a UV detector at the column outlet can monitor the 

spread of the protein band. Large peak HTW ratio's imply that the protein has 

remained in a relatively tight band and much dispersion has not occurred. As 

peak HTW ratio's decrease, the implication is that the protein band disperses 
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more in the direction of flow resulting in shorter and broader peaks, or peaks 

with a low peak HTW ratio. 
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In Figure 3a, the peak HTW ratio is plotted as a function of increasing 

inlet protein concentration for both AF and RF columns at two flow rates, 2 

and 10 mllmin, respectively. Figure 3b shows similar data for the same 

columns for flow rates of 5 and 15 mllmin. As we can see from the figure, as 

the concentrations increase, the peak HTW ratio also increases for all four flow 

rates. However, as both Figures 3a and 3b demonstrate, the rate of increase for 

the AF columns is greater than that for the RF columns. Additionally, the 

peaks that were obtained from the AF column were sharper and less dispersed, 

in general. 

In Figure 4a, the peak HTW ratio is plotted as a function of increasing 

flow rate for feed inlet protein concentrations of 2.5 and 7.5 mg.ml. Once 

again, the rate of increase of the peak HTW ratio is larger for the AF columns 

than for the RF columns. In all four cases plotted, the HTW ratio increases 

linearly for flow rates increasing from 1 to 9 mllmin. After that point, the rate 

of increase decreases. Figure 4b shows the HTW ratio for increasing flow 

rates for both the AF and RF system, in this case for protein concentrations of 

1 and 5 mg/ml. Again, the data demonstrates that the increase in HTW ratio 

for AF is more rapid that for the RF columns. 

Both the RF and AF columns were tested for integrity and flow 

uniformity by injecting a plug of Blue Dextran into the columns and observing 

the movement and dispersion of the plug. Our observations showed that the 
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blue dextran moved uniformly through both the RF and AF columns. In this 

way, we ruled out the possibility of bed deformities or irregularities affecting 

the results. 

Based on these data, it is clear that peaks will be flatter and broader for 

RF columns, confirming the theoretical determinations of Gu et al (12) that 

radial dispersion and mass transfer cannot be assumed constant for RF columns 

due to the accelerating and decelerating flows. Our data also shows that peaks 

become sharper in both AF and RF columns when the flow rates are increased. 

The results of these studies suggest that careful trial experiments need to be 

conducted to ascertain the effect of flow and protein loading on band dispersion 

before implementing an RF column at production scale. 
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HPLC METHOD TRANSFER TO NARROW 
BORE COLUMNS: AN EVALUATION 

TIMOTHY W. RYAN 
Ganes Chemicals, Inc. 

33 Industrial Park Road 
Pennsville, New Jersey 08070 

ABSTRACT 

The use of organic solvents is common in high performance liquid 
chromatography (HPLC). Some of these solvents, such as acetonitrile, have a very 
high purchase price. In addition, because of the toxic nature of these solvents, 
waste elimination costs have soared. The use of narrow bore HPLC columns 
( 2mm ID or less) represents an attractive solution to the problem of excessive 
solvent costs by reducing the amount ofHPLC mobile phase consumed. An 
evaluation of analysis integrity following method transfer from a standard bore 
column (3.9 mm ID) to a narrow bore column (2 mm ID and 1 mm ID) is 
necessary to determine feasibility in a QC/analytical environment. 

INTRODUCTION 

High performance liquid chromatography (HPLC) is the preferred method 

of analysis for a number of important industries. Most HPLC mobile phases 

incorporate the use of an organic solvent. Generally, these solvents are toxic 

materials. They can also be quite expensive, both in terms of initial purchase cost 
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and in terms of the ever increasing cost of disposal. As such, solvents for HPLC 

can represent a significant portion of an analytical laboratory's annual budget. 

A number of approaches have been developed to address both the costs of 

the solvents and the elimination of the waste. Commercially available (or 

laboratory fabricated) distillation apparatus allows the analytical lab to purchase 

less expensive technical or reagent grade solvents, which are then refined to an 

acceptable purity level. While this technique reduces the initial solvent purchase 

cost, it does not address the problem of disposal. It does, however, represent an 

increase in the routine lab housekeeping functions, something most analytical and 

quality control laboratories would rather avoid. Potentially, the same distillation 

technique could be applied to the waste mobile phase. But the possible difficulties 

are prohibitive. These include separating and purifying complex mixtures (even in 

the case of a single solvent with an aqueous phase, formation of an azeotrope 

would interfere with purity), and avoiding contamination from spent sample in the 

waste. This also represents an increase in housekeeping functions. Mobile phase 

recycling systems have also been commercially available for some time. These 

devices work on the principle that most of the mobile phase elutes from the HPLC 

column essentially uncontaminated, and that only those volumes that contain the 

injection void or the actual sample peaks are true waste. These systems can be 

very useful in an analysis where only a single peak in a product assay is 

encountered. Even in a QC lab, such an ideal situation is rare, almost all samples 

have some low level of impurities. As the number of peaks in the sample 

increases, the efficiency decreases. As the solvent is recycled, contamination 

eventually takes its toll. Increasing levels of chromaphoric "non-sample" material 

affects sensitivity and detection linearity. The presence of non-chromaphoric 

background material will affect the separation. Also there is some question as to 

whether or not the regulatory agencies would require additional testing of the 
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recycled mobile phase to demonstrate that it does not interfere with the integrity of 

the analysis. More importantly, the technique is useless for HPLC methods that 

requires any degree of gradient elution. Because of these inadequacies, this 

technique cannot be seriously regarded as a solution to the problem. 

The easiest way to address both the costs of the solvents, and the cost and 

environmental impact of disposal, is to decrease the amount of solvent initially 

purchased and hence the amount of waste mobile phase generated. Liquid 

chromatography using narrow bore columns (2 mm internal diameter or less) 

represents an attractive solution to this problem. Column flow is proportional to 

the column internal diameter (ID). Thus the same linear velocities (and therefore 

retention times) are preserved when using a lower flow rate and a column with a 

reduced ID (if column ID is the only parameter changed). The following equation 

is commonly used to calculate flow rate changes based on a change in the column 

ID: 

(ID col 2i x flow col 1 = flow col 2 
(ID colli 

The use of a 2 mm ID column in place of a traditional 3.9 mm ID column can 

reduce mobile phase consumption by a factor of 3-4 (assuming a typical flow rate 

of 1-2 mlImin). There are some difficulties with the technique, most of which are 

associated with incompatibilities between the narrow bore column and the 

chromatographic system. 

The purpose of these experiments is to document the transfer of an HPLC 

method from a standard analytical column to a narrow bore technique. The object 

is to determine how much adjustment is required in order to execute an accurate 

method transfer. In order for the transfer to be practical, the only considerations 

addressed will be minor adjustments in flow rate and in injection volume. The only 
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hardware modification was the use of a semi-micro flow cell (volume 8 Ill) in place 

of the standard flow cell (volume 14 Ill) to maintain UV detector sensitivity with 

the narrow sample bandwidths that the smaller ID columns produced. The cell 

could also be used with the standard bore column 

MATERIALS AND METHODS 

The equipment used included a Model 1050 HPLC system (Hewlett 

Packard Co., Palo Alto CA). This system included an autosampler, pump and UV 

detector. The only other important change was slowing the syringe draw speed 

from 200 Ill/min to 10 Ill/min. This change was incorporated to accommodate the 

small injection volumes. Connecting tubing lengths were kept at an absolute 

minimum and the connecting tubing used had a 0.005" ID. Although even smaller 

ID's would be achieved using fused silica capillary tubing, the fragile nature of 

exposed capillary tubing on an LC precluded its use. Three different HPLC 

columns were evaluated. The first was the "standard" column, a 300 x 3.9 mm 

IlBondapak C18 (Waters Division of Millipore, Milford MA). This column is 

routinely used for a number of our purity profile analyses and sample assays. The 

first narrow bore column evaluated was a 300 x 2 mm IlBondapak CI8 (Waters). 

The final narrow bore column evaluated was a 300 x I mm Hyperbond CI8 

(Keystone Scientific, Bellefonte PA). The Hyperbond column was used since the 

IlBondapak is not available with a 1 mm bore (the Hyperbond packing is marketed 

as a comparable packing to the IlBondapak). The sample was a mixture of 10 

barbiturates made from in-house material (Ganes Chemicals, Inc., Pennsville NJ) 

and standards purchased from Aldrich (Milwaukee WI). The sample was prepared 

by dissolving 6-8 mg of each barbiturate in a single 25 ml volumetri{: flask and 
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diluting to volume with mobile phase. The mobile phase was 70/30 

water/acetonitrile pH 3.0 (H3P04). The mobile phase was filtered and degassed 

using sonication before use. 

RESULTS & DISCUSSION 

Ten injections were performed for each sample series. After calculation of 

the mean, the two injections with the highest deviation were eliminated. The 

sample series mean, standard deviation and % realtive standard deviation were 

then calculated using the remaining eight injections. The elimination of the two 

outliers is statistically acceptable given the number of injections. Figure 1 is an 

example analysis of the barbiturate sample analyzed using the 3.9 mm ID column. 

The flow rate was set at 1 mlImin, injection volume was 3 Ill. All of the 

i ~ RI Com£Qung 
4.58 Barbital 
7.08 Allobarbital 

'" 7.93 Aprobarbital G! 
t;- 9.10 Phenobarbital 

M 10.32 Talbutal 

~ 11.72 Butalbital 

t;- III 12.75 Vinbarbital 

~ 
til 16.75 Pentobarbital 

, ": 19.85 Mephobarbital .. l!l 22.40 Secobarbital .. , 
I:J i. .. 51 

~ 

A 
.. 

A 
gg 

C\I g! M A .. M 

')1 ':' 
..; j I. " 

Figure 1. Analysis of barbiturate sample. Flow: I mL/min; Mobile Phase: 70/30 
Water/Acetonitrile, pH 3.0 (H3P04); Column: 300 x 3.9 mm J.1Bondapak CIS. 
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barbiturates are baseline resolved from one another. From Table 1, the 

reproducibility of the analysis is evident. This represents important information 

concerning the injection system. Injection volumes commonly used are 10 J..l.l, so 

these analyses establish that at a 3 J..l.l injection volume, the auto sampler does 

provide reproducible injections. Because of the accuracy and reproducibility 

achieved using this column, no further experimentation was performed. 

Figure 2 is an example of the barbiturate analyses using the 2 mm ill 

column. The flow rate was set at 263 J..l.l/rnin, a comparable flow rate reduction 

based on the decrease in column cross sectional area. Table 2 lists the results of 

the initial analyses that used an injection volume of 0.8 J..l.l. These results were not 

as good as those achieved using the 3.9 mm column. Although peak separation is 

comparable, area reproducibility is between 1 - 2 %. Most analytical methods 

specify RSD's of 2% or less, our methods typically provide RSD's of less than 1 %. 

TABLE 1 
HPLC ANALYSIS OF BARBITURATES 
3.9 MM ID COLUMN, 3 !1l INJECTION 

INJ# Barb. Allo. Apro. Pheno, Tal. Butal. Vin. Pento. Mepho. Seeo. 
1 354439 329744 295414 546253 322946 297960 270036 230622 386894 250018 

2 355392 330048 295751 547646 322980 297605 270152 231460 387110 250280 

353272 328179 293816 543556 321211 295899 269054 228678 386399 248424 

4 357277 331686 296747 549010 324795 298964 271180 231990 387705 250947 

5 356205 330881 296491 549307 32411 1 298636 270585 231131 387184 250124 

6 358591 332562 298061 551400 324976 299811 272299 231769 389172 251889 

7 353798 329046 294852 546220 322399 298158 269654 229801 385847 249503 

354246 329822 294187 547557 324324 298900 270726 231316 386295 252395 

357736 332030 297572 550862 325553 299492 271364 232464 388447 252035 

10 352436 327326 294130 546031 321992 296941 268841 231123 386449 250180 

mean 355296 330180 295643 547551 323565 298691 270344 231484 387067 250984 
s 1643 1299 1239 2255 1130 757 776 576 729 980 

% RSD 0.46 0.39 042 0.41 035 025 0.29 0.25 0.19 0.39 

Bold entries were not used in calculations. 
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Figure 2. Barbiturate analysis. Flow: 263 ).lL/min; Mobile Phase: 70/30 
Water/Acetonitrile, pH 3.0 (H3P04); Column: 300 x 2 mm IJ.Bondapak ClS. 

TABLE 2 
HPLC ANALYSIS OF BARBITURATES 

2.0 MM ID COLUMN, 0.8 f1J INJECTION 

INJ# Barb. Allo. Apro. Pheno. Tal. Butal. Vin. Pento. Mepho. Seco. 
1 31277. 290289 264096 478181 283012 262301 237853 201640 335389 217668 

2 323506 299375 272242 495702 293032 270145 244938 210161 346932 226372 

3 318195 295330 266253 486908 287740 266648 242700 207522 342187 219542 

4 325213 306145 274920 499073 295964 273365 248489 210809 349008 224665 

5 325346 305271 271043 496477 291330 272896 249248 211785 348827 226549 

6 324917 303052 271236 4959&3 291543 270825 246081 210408 346006 225606 

327762 308805 275666 501941 297179 273329 249126 212101 346933 226096 

313069 290447 262277 478151 223071 260632 237232 200893 333866 215658 

9 320947 297574 268652 489582 290219 267857 243918 206032 341662 220065 

10 328906 305145 276445 502219 298395 274501 250668 212485 350476 227587 

mean 324349 302587 272058 495986 293175 271196 246896 210163 346504 224560 
s 3427 4681 3534 5446 3692 2832 2885 2277 3165 3053 

% RSD 1.07 1.55 1.30 1.01 1.26 1.04 1.17 1.08 0.91 1.34 

Bold entries were not used in calculations. 
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From these results, it is apparent that the deviation is due to the small injection 

volume. This conclusion was reached by observing that in specific injections, all of 

the peaks have an area that is either higher or lower than the mean area. If the 

high RSD was due to chromatographic variations, a much more random 

distribution of peak areas would be expected (see Table 1). Since the smaller 

column has a lower sample capacity, and since the experimentation using the 3.9 

mm ID column indicates that 3 ~l is an accurately reproducible injection volume, 

the sample was diluted by a factor of 5 (2ml in a 10ml volumetric flask) and re­

analyzed using a 3 ~I injection volume. Results are listed in Table 3. Using the 

larger injection volume, the reproducibility of the injections is improved 

dramatically, and are now clearly comparable to those results achieved using the 

3.9 mm ID column. This concluded the experimentation using the 2 mm ID 

column. 

TABLE 3 
HPLC ANALYSIS OF BARBITURATES 

2.0 MM ID COLUMN, 3.0 !'l INJECTION 

INJ# Barb. Allo. Apro. Plleno. Tal. Bula!. Vin. Penta. Mepho. Seco. 
I 270295 252049 22868:5 416014 246305 226476 204804 175611 295651 190130 

2 269058 249865 224709 416720 245837 226386 204765 174795 296289 189795 

264284 245862 221237 409598 241707 222910 201261 171248 290096 184315 

4 265923 247611 222732 412789 243220 224035 2Q28 II 174139 293082 187031 

5 267414 247975 223143 413350 243675 225794 204522 174136 294271 187940 

6 263759 245017 220857 409170 241544 223000 201344 171965 290063 185977 

7 265397 246110 221874 410386 242093 223463 202956 173308 293004 185023 

264960 246008 221422 410725 242413 223355 202398 173217 291959 185880 

265293 246208 221518 410586 242182 223637 202073 173014 291986 185340 

10 264899 245849 221453 409706 241895 223692 202821 173091 291995 186037 

mean 265241 246330 221780 410789 242341 223736 202523 173015 292057 185943 
s 1103 977 777 1511 744 909 1039 991 1448 1137 

% RSD 0.42 0.40 0.35 0.37 0.30 0.41 0.51 0.57 0.50 0.61 

Bold entries were not used in calculations. 
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Figure 3 is an example of the barbiturate sample analyzed using the 1 mm 

ID column. The flow rate was reduced to 65 !JlImin, and the initial sample volume 

was 0.3!J.1. It is immediately apparent that the separation is not as good as that 

achieved using the other two columns. Unfortunately, the difference in separation 

could be due to the Hyperbond packing not performing as well as the Iillondapak, 

or if the system void volumes are responsible. In either case, using a weaker 

mobile phase would probably restore baseline resolution, although this option was 

not explored. From Table 4, the effect of the 0.3 !J.I injection on area 

reproducibility is evident, RSD's ranged from 3 - 6%. This was not suprising since 

an injection volume of 0.8 !J.I was already observed to cause problems. In order to 

note changes in injection reproducibility, the sample was diluted by a factor of 25 

(lml in a 25ml volumetric flask) and re-analyzed using the 3 !J.I injection volume. 

These results are listed in Table 5. When using the larger injection volume, the 

area reproducibility improved significantly. Although the numbers are not quite as 

good as those achieved using the other two columns, the low RSD's indicate that 

the information from such an analysis should be quantitatively accurate. 

Ii> N Rt Compound 

II! ~ 5.85 Barbital .. 8.37 Allobarbital ... 9.22 Aprobarbital I-
M 10.42 Phenobarbital 

l!l N 11.58 Talbutal 
"! 8l 12.95 Butalbital 

'l' ..; In 14.02 VinbarbitaI 

';' ~ M 
17.57 Pentobarbital 

N 
II! 21.03 Mephobarbital II! 

r- 23.62 Secobarbital 

~ N 
~ 

Figure 3. Barbiturate analysis. Flow Rate: 65J.lLlmin; Mobile Phase: 70/30 
Water/Acetonitrile, pH 3.0 (H3P04); Column: 300 x I mm Hyperbond CI8. 



TABLE 4 
HPLC ANALYSIS OF BARBITURATES 

1.0 MM ID COLUMN, 0.3 ~ INJECTION 

INJ# Barb. Allo. Apro. Pheno. Tal. Hulal. Vin. Penlo. Mepho. Seeo. 
I 1180899 1168686 1001255 1782814 1067950 988876 899738 752711 1243252 848519 

1188151 1209883 1022421 1815420 1085823 986471 891049 751654 1238571 838530 

1088485 1056942 949435 1687601 1018341 927431 856532 714585 1170595 774813 

4 1086278 1059138 961452 1680237 966416 882976 835252 713120 1186391 779738 

1114745 1052680 961708 1725738 1081658 996259 895273 707251 1227165 858523 

6 872298 826699 752096 1338772 774842 709189 651416 579065 901454 596107 

1082325 1025078 927694 1658494 977675 874262 804929 716522 1133828 725930 

1092671 1032814 948666 1682105 1008704 909205 806974 720034 1184685 764879 

1168352 1123035 1022947 1824025 1090636 980115 874148 770788 1271588 812134 

10 865476 829858 739636 1315729 773823 688403 636016 568594 892777 580259 

mean 1125238 1090907 974447 1732054 1037150 943199 857987 730833 1207009 800383 

s 45909 68290 36213 66108 50516 50597 38590 23796 45499 46559 

% RSD 4.08 6.26 3.71 3.82 4.87 5.36 4.50 3.25 3.77 5.82 

Bold entries were not used in calculations. 

TABLES 
HPLC ANALYSIS OF BARBITURATES 

1.0 MM ID COLUMN, 3.0 ~ INJECTION 

INJ# Barb. Allo. Apro. Pheno. Tal. Bula!. Vin. Penlo. Mepho. Seco. 
1 214109 194014 176690 328618 186741 177005 157636 136472 230514 144910 

207737 190827 174217 318102 194756 181631 161603 131158 231459 143923 

209962 191997 177449 323914 191052 175491 156977 134451 223297 142899 

4 212537 196203 180028 334001 198095 182593 160881 132978 227464 140119 

5 209456 194394 176827 325807 192397 178029 156970 132884 226795 143664 

6 210955 193832 176202 326900 192778 178567 156970 134984 226623 137042 

209141 195468 176661 324439 191505 174372 156893 132816 228121 142953 

211669 192307 177304 324971 193372 179575 157672 132506 227996 142452 

9 212909 197011 181182 331647 196925 181253 158131 130784 223450 141671 

10 209650 194776 176222 322053 186(;53 174552 156369 134753 230603 139876 

mean 210785 194124 177173 326338 193860 179268 15770.2 133316 226782 142178 
s 1455 1442 1237 3669 2539 2452 563 1309 2418 1515 

% RSD 0.69 0.74 0.70 l.l2 1.31 1.37 0.36 0.98 1.07 l.07 

Bold entries were not used in calculations. 
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CONCLUSION 

61 

Transfer of the HPLC method from the 3.9 mm ill column to the 2 mm ill 

column was very successful. The only consideration necessary was appropriate 

reduction in sample concentration in order to accommodate the injection volume 

without exceeding the column capacity, and the use of the semi-micro flow cell. 

This method is immediately applicable to any of the analytical methods performed 

using the 3.9 mm ID IlBondapak columns, assuming that instrument performance 

is comparable. Based on availability of other Clg packings in a 2 mm ill column, 

other methods should transfer as successfully (this probably represents at least 

90% of the HPLC analyses performed in most HPLC laboratories). To provide 

some idea of the potential savings, this analytical and associate QC lab spends 

approximately $1000 per month on acetonitrile which is used almost exclusively 

for LC. This figure could easily be reduced to less than $200 per month, yielding 

an annual savings of over $9000. Corresponding savings in methanol and other 

HPLC solvents would also be realized. This does not consider the savings realized 

from reduced waste disposal. 

The transfer to the 1 mm ill column was not as successful. Although the 

separation could have been restored with some method development, the primary 

objective was method transfer without additional development. The evaluation of 

the performance must be tempered with the very rigorous separation that this 

sample requires. Most methods do not demand this degree of resolution for this 

many peaks. It is also possible that the sample bandwidths required a flow cell 

smalIer than the 8 ul volume used, particularly to improve res.olution between 

peaks 2-7. When comparing peak shape .of pentobarbital, mephobarbital, and 
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secobarbital (which are clearly resolved), the broader bandwidth is obvious and is 

definately not due to the UV cell volume. 

It is probable that the difficulties encountered with the low injection 

volume ( < 1 Ill) were beyond the instruments capabilities. More accurate 

injections with low volumes would be achieved fixed volume internal sample loop. 

The injection devices are not common on typical analytical HPLC's. 

If a narrow bore column is substituted for a standard bore column, at least 

some aspects of the method validation package will need to be addressed. It is 

conceivable that in a rigorously regulated environment, such as pharmaceutical 

manufacturing, complete re-validation of the method may be necessary. 

Narrow bore column analyses are extremely sensitive to extra-column 

volumes (commonly referred to as "dead" volumes), particularly those in the 

injection system. These volumes contribute to sample dispersion that, coupled 

with the low flow rates, can ruin peak shape and resolution. Narrow bore columns 

require that the liquid chromatograph can deliver low flow rates, have small 

internal volumes and handle small injection volumes. To facilitate widespread 

method transfer, it is important that the associated hardware be capable of 

performing the analysis in an unmodified state since the expertise to execute in­

house modifications may be lacking in some laboratories. Some LC's, particularly 

older ones, do not provide the necessary minimum performance characteristics 

needed to accommodate narrow bore columns. Although future savings incurred 

by reduced solvent costs would more than pay for instrument modification, in 

those cases where modification is not possible it is difficult to consider outright 

instrument replacement based on projected budgetary surpluses. 
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AMYLOPECTIN BY HIGH-PERFORMANCE 
ANION-EXCHANGE CHROMATOGRAPHY WITH 

PULSED AMPEROMETRIC DETECTION 

K. S. WONG AND J. JANE* 
Department of Food Science and Human Nutrition 
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ABSTRACT 

The effects of acetate and nitrate as pushing agents on the high-performance 
anion-exchange chromatography with pulsed amperometric detector (HP AEC­
PAD) for the separation and detection of debranched amylopectin were evaluated. 
Our experimental data indicated that nitrate could differentiate branched from 
linear isomers, whereas acetate could not. Therefore, the nitrate system had 
better separating power than the acetate system provided that the chromatograms 
under both gradient systems were completed within 100 min. Nitrate was more 
compatible with the detector than acetate; thus, a higher detector response 
resulted. Under our experimental conditions, with a signal-to-noise ratio of two, 
the number of DP (degree of polymerization) at various concentrations that was 
resolved by the nitrate system (62 at 0.5 mg/mL, 65 at 1.0 mg/mL, and 66 at 1.5 
mg/mL) was larger than those resolved by the acetate system (56 at 0.5 mg/mL, 
58 at 1.0 mg/mL, and 58 at 1.5 mg/mL). The chromatograms obtained from the 
nitrate gradient system were more reproducible than those from the acetate 
gradient system in terms of the consistencies of retention time and the peak area 

*To whom correspondence should be addressed at 1333 Food Sciences Building, Iowa State 
University, Ames, IA 50011. 
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of the chromatographic peak. To various concentrations of the component with 
the same DP, the detector responses were more consistent with nitrate as a 
pushing agent compared with acetate. Neither pushing agent, however, resulted 
in a quantitative response for homologous debranched amylopectin. 

INTRODUCTION 

Starches from different botanical sources have diverse functional 

properties that make them useful for applications in food, pharmaceutical, 

paper, plastic, and other industries. The functionality of starch is allied to its 

chemical structure. Therefore, knowledge of its structure will help in the 

understanding of the relationship between the physicochemical properties and 

the functional properties of starch. The chain-length distribution is an 

important parameter for characterizing the molecular structure of amylopectin. 

Although size exclusion chromatography with refractive index detector (SEC­

RI) is one of the most frequently used techniques, it cannot separate each 

debranched chain of a specific chain-length. Furthermore, the refractive index 

detector often lacks sensitivity and selectivity, and it cannot be used with a 

gradient. In the early 1980's, Hughes and Johnson [1,2] successfully applied a 

triple-pulsed amperometric detection method for the detection of 

carbohydrates. Rocklin and Pohl [3] had combined the high-performance 

anion-exchange chromatography with pulsed amperometric detection for the 

determination of carbohydrates. Since then, there has been a significant 

increase in the application of high-performance anion-exchange 

chromatography with pulsed amperometric detection (HPAEC-PAD) in 

carbohydrate research [4-9]. 

The affinities of anions to the strongly basic anion-exchange resin are 

based on their charges and radia of the hydrated ions and are increased in the 

order of OR < acetate < nitrate < sulfate [10]. Therefore, sulfate is the 

strongest pushing agent and hydroxide is the weakest pushing agent in the 

anion-exchange chromatography. By using an isocratic system, Rocklin et ai. 

[3] have evaluated acetate, carbonate, nitrate, and sulfate as pushing agents for 

the determination of carbohydrates by HPAEC-PAD. They preferred acetate 
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as a pushing agent because acetate and hydroxide have similar affinity for the 

anion-exchange resin, and all other pushing agents reduced the column loading 

capacity. Since then, acetate has become the most commonly used pushing 

agent in the HPAEC-PAD for the separation of carbohydrate. Recently, Lu et 

at. [11] have studied the effect of acetate, nitrate, and sulfate as pushing 

agents in the isocratic system on the determination of malto-oligosaccharides 

by HPAEC-PAD. They concluded that nitrate had a greater ability to reduce 

the capacity factor for better resolution and thus nitrate should be a better 

pushing agent than acetate. All the studies, so far, on pushing agents were 

performed under the conditions of an isocratic system. For the study reported 

here, we evaluated the function of acetate and nitrate as pushing agents in a 

gradient system for quantitative and qualitative analysis of deb ranched 

amylopectin. Our results should provide additional information on exploring 

the HPAEC-PAD in starch analysis. 

EXPERIMENTAL 

Materials 

Sodium hydroxide solution (5 N), sodium acetate, sodium nitrate, and 

glacial acetic acid were obtained from Fisher Scientific (Fair Lawn, NJ). 

Sodium azide was obtained from Eastman Organic Chemicals (Rochester, 

NY). Glucose (G1), maltose (G2), and corn starch were obtained from Sigma 

Chemical Co. (St. Louis, MO). Maltotriose hydrate (G3, 95%), maltotetraose 

(G4) , maltohexaose (G6, Tech., 90%), and maltoheptaose hydrate (G7, 90%) 

were obtained from Aldrich Chemical Co. (Milwaukee, WI). Maltopentaose 

(G5) and iso-amylase (EC 3.2.1.68, crystal, from Pseudomonas 

amyloderamosa, 59,000 units/mg protein) were obtained from Hayashibara 

Biochemical Laboratories, Inc. (Okayama, Japan). All chemicals and enzymes 

were used without further purification. The corn amylopectin was fractionated 

from corn starch by the method of Schoch [12] and purified three times by 
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recrystallization. The isolated amylopectin was washed with methanol and 

oven dried at 50°C for 12 hr. The tapioca amylopectin and wheat amylopectin 

were provided by Dr. J. -F Chen. The acetate buffer was prepared by mixing 

16 mL of 0.1 N acetic acid with 1 mL of 0.1 N sodium acetate solution. The 

standard solution containing Gl to G7 was composed of glucose (31 p.g/mL) , 

maltose (42 p.g/mL), maltotriose hydrate (23 p.g/mL), maltotetraose (42 

p.g/mL) , maltopentaose (39 p.g/mL), maltohexaose (33 p.g/mL), and 

maltoheptaose hydrate (48 p.g/mL). Water (18 MO cm) used in all of the 

preparations was obtained from the Milli-Q Reagent Water System (Millipore, 

Bedford, MA). 

HPAEC-PAD 

The HPAEC was performed on a Dionex (Sunnyvale, CA) DX30 

gradient pump module equipped with a Dionex pulsed amperometric detector. 

Sample injection was via a Dionex micro injector valve with a 200 p.L sample 

loop. Sample solution was filtered through a 0.45 p.m Magna nylon membrane 

(Fisher Scientific, Fair Lawn, NJ) before ~ection. A CarboPac P Al anion­

exchange column (250 x 4 mm) and a CarboPac PAl guard column (25 x 3 

mm) were used for sample separation. Two HPLC gradient systems were 

applied for the separation of debranched amylopectin. The acetate gradient 

system employed two eluents. Eluent 1 was 150 mM sodium hydroxide and 

eluent 2 was a mixture of 150 mM sodium hydroxide and 500 mM sodium 

acetate. The gradient was programmed as follows: 0-0.1 min, 75% eluent 1 

and 25% eluent 2; 0.1-15 min, linear gradient to 45% eluent 2; 15-45 min, 

linear gradient to 60% eluent 2; 45-80 min, linear gradient to 70% eluent 2; 

80-100 min, linear gradient to 80% eluent 2. The nitrate gradient system 

employed eluent 1 and eluent 3, which was a mixture of 150 mM sodium 

hydroxide and 500 mM sodium nitrate. The following gradient was used: 0-5 

min, 94 % eluent 1 and 6 % eluent 3; 5-10 min, linear gradient to 8 % eluent 3; 

10-30 min, linear gradient to 13% eluent 3; 30-80 min, linear gradient to 20% 

eluent 3; 80-100 min, linear gradient to 25 % eluent 3. The flow rate for both 
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gradient systems was 1.0 mUmin throughout the program. The column was 

allowed to equilibrate for 10 min with the initial condition of the gradient 

system before each run. All eluents were filtered through a 0.45 J1.ID. Sup or-

450 membrane (Fisher Scientific, Fair Lawn, NJ) and degassed by sparging 

with helium gas before use. The debranched amylopectin was detected by a 

pulsed amperometry using a gold electrode with the following repeating 

sequences of potentials and durations: E1 = 0.05 V (480 ms); E2. = 0.6 V 

(120 ms); E3 = -0.6 V (60 ms). E1 was for sample oxidation, E2 was to 

clean the electrode surface, and E3 was to reduce gold oxide back to gold. 

The sampling period was set to 200 ms, and the response time was set to 1 s. 

Enzymatic Debranching of Amylopectin 

Amylopectin was debranched by using iso-amylase according to the 

procedures described by Jane et al. [13] with some modifications. Briefly, 

amylopectin (50 mg) was suspended in 9 mL of water and heated in a boiling 

water bath with constant stirring for 15 min. The suspension was cooled down 

to 25°C, then 1 mL of acetate buffer (0.1 N) was added and followed with a 5 

ilL of iso-amylase. The reaction mixture was incubated for 48 h in a shaker 

water bath (Versa Bath S, model 236, Fisher Scientific, Fair Lawn, NJ) at 

40°C with 100 strokes/min. The mixture was then adjusted to pH 6 with 5 N 

NaOH solution, followed by the addition of sodium azide solution (10%, 20 

ilL), and heated in a boiling water bath for 15 min to inactivate the enzyme. 

RESULTS AND DISCUSSION 

Separation of Debranched Amylopectin 

Debranched com amylopectin with concentrations of 0.5 mg/mL, 1.0 

mg/mL, and 1.5 mg/mL were subjected to HPAEC-PAD analysis by the 

acetate and the nitrate gradient systems. The resulting chromatographic 
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profiles of deb ranched corn amylopectin from the acetate and the nitrate 

gradient systems are shown in Figure 1. Both gradient systems were designed 

so that the separations for the debranched amylopectin were completed within 

100 min. The standards Gl to G7 were used to identify the chromatographic 

peaks with the DP (degree of polymerization) from 1 to 7. The assignment for 

the chromatographic peaks with DP higher than 7 was based on the generally 

a. Acetate system 
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b. Nitrate system 
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o ro w ~ ~ ~ W ~ ~ • ~ 
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FIGURE 1. HPAEC-PAD chromatographic profiles of the enzymatic 
debranched corn amylopectin using (a) the acetate gradient system 
and (b) the nitrate gradient system. Peak numbers indicate the 
degree of polymerization. 
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accepted assumptions that (1) the retention time of the homologous series of 

saccharides increased as the DP increased, and (2) each successive peak 

represented a saccharide which was 1 DP longer than that of the previous 

peak. The detector response for the saccharides was much more sensitive 

under the nitrate system (Figure Ib) than the acetate system (Figure la). This 

observation suggested that the nitrate system was more compatible with the 

detection system (PAD). The number of DPs resolved by the acetate and 

nitrate systems is summarized in Table 1. With a signal-to-noise ratio of two 

or three, the number of DPs resolved by the nitrate system was always greater 

than that by the acetate system at all concentrations of the samples. The 

greater number of DPs detected in the nitrate system was attributed to the 

increase in the detection sensitivity of the system. Also, some minor peaks, 

which were suggested to be the isomers with maltosyl branches [14], were 

observed in the chromatograms using the nitrate system (Figure Ib) but not in 

those using the acetate system. For the acetate system, the isomers could be 

separated by increasing the resolution; however, the higher the resolution, the 

greater the disengagement of the two adjacent peaks, which meant a longer 

TABLE 1. Degrees of Polymerization' Resolved by the Acetate and the Nitrate 
Gradient Systems 

Degree of polymerization 

Sample 
Acetate gradient system 

concentrations Nitrate gradient system 

mg/mL 
SIN" = 3 SIN === 2 SIN = 3 SIN = 2 

0.5 53 56 59 62 

1.0 56 58 62 65 

1.5 56 58 63 66 

a. Average of tnplrcate analYSIS. 
b. Signal-to-noise ratio. 
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separation period would be required. Thus, the nitrate system was more 

effective in differentiating the branched isomers, which were often found in the 

debranched amylopectin samples. 

Reliability of the Systems 

The reliability of the analytical system is an important issue especially 

when the characterization of amylopectin was based on the distribution of over 

a hundred saccharides, and standards for each saccharide are not always 

available. Therefore, the reliability of the acetate system and the nitrate 

system was investigated via the evaluation of the reproducibility and the 

accuracy of the acetate and the nitrate systems. 

Reproducibility 

The reproducibility of the chromatograms was judged by (1) the 

consistency of retention times (tR) and (2) the consistency of detector responses 

determined by peak areas that were measured after repeated injections of the 

sample. Figure 2a is the plot of fR vs. DP for both gradient systems. Each 

data point represented an average of retention time of the corresponding 

component resulted from the triplicate injections of the samples with 

concentration of 0.5 mg/ml, 1.0 mg/ml, and 1.5 mg/ml under the same 

chromatographic conditions. Figure 2b was the plot of the observed maximum 

shift (tRmux - tRmin) of the corresponding component vs. DP. The maximum 

shift of the chromatographic peaks ranged from 0.05 min to 3.72 min in the 

acetate system and from 0.02 min to 1.39 min in the nitrate system. The 

standard deviation plot of the tR vs. DP for each system clearly (Figure 3) 

showed that the overlapping regions between peaks in the acetate system were 

significant. In contrast, the deviations of tR were small in the nitrate system. 

For every sample analysis, the column was equilibrated with the initial 

chromatographic conditions for 10 min before each corresponding gradient 
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FIGURE 2. (a) Average retention time (I'R) vs. DP of the corresponding 
component in the chromatograms of debranched corn amylopectin 
under the acetate gradient system (D) and the nitrate gradient 
system (A). (b) The observed maximum shift of each component 
in the acetate system (empty bar) and the nitrate system (shaded 
bar). 

system was applied. The experimental results suggested that the acetate 

system might require a longer period of equilibration to condition the column. 

The initial and final concentrations of the acetate in the acetate gradient system 

were 125 mM and 400 mM, respectively, and those of the nitrate in the nitrate 

gradient system were 30 mM and 125 mM, respectively. The profound 

difference in the concentration of the pushing agent between the initial stage 

and the final stage (275 mM) of the acetate system also suggested that the 

column might need a longer time for equilibration. 

The debranched tapioca and wheat amylopectin samples were also 

analyzed with the nitrate system. Their chromatographic profiles are shown in 
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FIGURE 3. The plot of average retention time (from 9 analyses) and its 
standard deviation VS. DP of the corresponding component in the 
chromatograms of the debranched corn amylopectin with various 
concentrations under (a) the acetate system and (b) the nitrate 
system. 

Figure 4. Figure 5 shows a plot of tR with deviation VS. DP where fR was an 

average of the retention time of the corresponding saccharide resulted from 

replicate injections of deb ranched corn, tapioca, and wheat amylopectin. As 

shown in Figure 5, the retention times of the saccharides with the same chain­

length were very reproducible even though they were from different sources. 

The reproducibility of the detector response was evaluated by the 

standard deviation of the peak areas, which resulted from the triplicate 

analyses of each sample. The peak area and its standard deviation for each 

component in the sample versus DP were plotted and are shown in Figure 6. 

Figure 6a is of the acetate system; Figure 6b is of the nitrate system. For the 

samples with concentration of 0.5 mg/mL (6ai), the standard deviations of the 

detector responses in the acetate system were comparable to those in the nitrate 

system (6bi), however, for the samples with a concentration of 1.0 mg/mL 
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FIGURE 4. HPAEC-PAD chromatographic profiles of the enzymatic 
debranched (a) tapioca amylopectin and (b) wheat amylopectin 
under the nitrate system. Peak numbers indicate the degree of 
polymerization. 

(6aii and 6bii) and 1.5 mg/mL (6aiii and 6biii), the deviations of the detector 

responses were relatively lower in the nitrate than in the acetate system. 

Accuracy 

To determine the accuracy of a measurement, knowledge of the true 

value from the sample is required. However, it is very difficult, if not 
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The plot of average retention time (from 6 analyses) and its 
standard deviation VS. DP of each corresponding component in the 
chromatograms of debranched amylopectin samples from corn 
starch, tapioca starch, and wheat starch. 

impossible, to obtain standards for each of the saccharides in our samples. 

Therefore, the accuracy of the analysis of debranched amylopectin was 

determined by comparing the signal ratio of the corresponding component in 

the samples with different concentrations to the concentration ratios (i.e., true 

value) of the samples. The plots in Figure 7 are the signal ratios of the 

corresponding component of sample concentration ratios between 1.5 and 1 

mg/mL, 1.0 and 0.5 mg/mL, and 1.5 and 0.5 mg/mL. With a concentration 

ratio of 1.5 (1.5 to 1 mg/mL), both systems exhibited a relatively consistent 

signal ratio with higher accuracy (7ai and 7bi). On the other hand, with a 

concentration ratio of 3 (1.5 to 0.5 mg/mL), both systems showed fluctuation 

in the response ratio with poor accuracy (7aiii and 7biii). These experimental 

results indicated that the appropriate sample size for the analysis would be 1 

mgJrnL to 1.5 ml/mL. Overall, the detector response was more consistent 

with nitrate as the pushing agent (Figure 7b) compared to that with acetate as 
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FIGURE 7, The signal ratios VS, DP of the corresponding components in the 
debranched com amylopectin with sample concentrations of (i) 1.5 
and 1 mg/mL. (ii) 1.0 and 0,5 mg/mL, and (iii) 1.5 and 0,5 
mg/mL under (a) the acetate system and (b) the nitrate system, 
The solid lines represent the true values of the corresponding 
ratios. 

the pushing agent (Figure 7a), This observation was supported by the mean 

signal ratios and the standard deviations (calculated from DP 5 to DP 56) for 

various concentration ratios of the sample (Table 2). In most occasions, the 

signal ratios obtained under the nitrate system were closer to the corresponding 

true values and the deviations were low, 
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TABLE 2. Statistic Data for the Signal Ratios from DP 5 to DP 56 

Stats. a Acetate System Nitrate System 

True Value 1.5b 2c 3d 1.5b 2c 3d 

Mean 1.46 1.83 2.67 1.45 1.93 2.80 

Std. Dev. 0.12 0.08 0.29 0.05 0.09 0.17 

Maximum 1.67 1.95 3.06 1.57 2.21 3.46 

Minimum 1.20 1.65 2.10 1.34 1.76 2.46 

a. Calculated from 52 data pomts. 
b. Calculated from sample concentration ratio of 1.5 mgmL·1/1.0 mgmL·1 

c. Calculated from sample concentration ratio of 1.0 mgmL·!/0.5 mgmL·! 
d. Calculated from sample concentration ratio of 1.5 mgmL·1/1.5 mgmL·! 

CONCLUSION 

In comparison with the commonly used pushing agent, acetate, nitrate 

offered greater reproducibility and accuracy, and lower detection limit in the 

HPAEC-PAD; thus, it is a promising pushing agent for the quantitative and 

qualitative analysis of the debranched amylopectin. Our study further 

supported the view of Lu et al. [11] that nitrate was a better pushing agent 

than acetate for the separation of saccharides. However, neither pushing agent 

resulted in a quantitative response for homologous debranched amylopectin. In 

addition, the HP AEC-P AD can separate the saccharides but cannot provide the 

information of total carbohydrate for each saccharide. On the other hand, the 

size exclusion chromatography with refractive index detector (SEC-RI) can 

provide information of total carbohydrates; however, it cannot separate the 

saccharides as the HPAEC-PAD does. Therefore, an alternative detection 

technique for HP AEC is needed so that the information for both the fine chain­

length distribution and the total carbohydrates for each saccharide in the 

debranched amylopectin sample can be obtained simultaneously. 
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ABSTRACT 

Chiral resolution of a series of antiphlogistic methyl and ethyl 2-
aryloxypropionates on R-DNBPG and S-DNBL analytical columns was attempted. 
Most of the resolved enantiomers were eluted in a very short time on both CSPs 
and the a and K' values of the chromatographic separations performed by R­
DNBPG phase were generally better than those using S-DNBL. 
The elution order of the compounds was determined: the S isomer of all esters was 
eluted last from the R-DNBPG and viceversa from the S-DNBL column. 
The role of the substituents on the chiral resolution was also elucidated. It was 
hypothesized that the chiral interactions between the solutes and the CSPs were 
more influenced by the electronic features than by their steric hindrance. 
Finally, the chiral recognition mechanism which permitled resolution of the 
enantiomers was individuated. 

INTRODUCTION 

Our previous research (1,4) focused on the synthesis, chiral resolution of racemic 

mixtures and configurational assignment of enantiomers of a series of 2-

aryloxypropioayl derivatives, which are biologically active as antinflammatory, 
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analgesic agents and as plant growth regulators (5-7). Some of these compounds 

can also be structurally related to chiral analogs of chlofibrate whose 

pharmacological activity has been already investigated (8). Furthermore, it was 

pointed out that the interaction of similar drugs with biological receptors is 

stereoselective (9-12). 

To obtain the chiral resolution of the racemic compounds, chromatography on 

chiral stationary phases had been also performed. The enantiomers of some 2-

aryloxypropionic N-(l-naphthyl)methyl amides had been resolved by HPLC on 

Pirkle type phases, i.e. CSPs of R - N - (3,5 - dinitrobenzoyl)- phenylglycine 

(R-DNBPG) and S -N-(3,5-dinitrobenzoyl)-leucine ( S-DNBL ), covalently bound 

to Si02 (3). The resolution of a more numerous series of 2-aryloxypropionic acids 

and their methyl and ethyl esters (partially corresponding to the amidic derivatives) 

had also been accomplished on a column of cellulose tris - (3,5-

dimethylphenylcarbamate) Chiralcel OD (4). 

Chromatographic separation of 2-aryloxypropionyl esters by Chiralcel OD has 

been shown to be better than separation of the amides using R-DNBPG and S­

DNBL columns. As the Chiralcel OD phase is very expensive, we wanted to verify 

whether chiral resolution of the esters could also be accomplished on Pirkle's CSPs. 

If so, this could permit the enantiomeric resolution of the racemates on a preparative 

scale with the added advantage that the esters can be hydrolyzed under milder 

conditions than those needed for the amides to furnish the acids without 

racemization. Then we experimented the resolution of the above-mentioned methyl 

and ethyl esters on Pirkle's CSPs. 

The analyzed compounds, apart from 26, bear one or two substituents in the 2, 3 

and 4 position of the aryloxylic portion directly linked to the chiral center. These 

substituents were selected to introduce atoms or groups of various dimensions and 

with electron-donating or electron-withdrawing properties, in order to verify 

whether their size, chemical features or position on the phenyl ring influence the 

chromatographic discrimination process. In this context, the unsubstituted 

compound 26 was also analyzed. 

By critically evaluating the experimental results and studying molecular models of 

the solute-CSP interactions, we also investigated the relationship between the 

configuration and elution order of the enantiomers to determine a rationale for the 

chiral recognition mechanism. 
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MATERIALS AND METHODS 

Materials 

All racemates and optical antipodes of methyl and ethyl esters were prepared as 

previously reported (4). 

Hexane and 2-propanol (HPLC grade) were purchased from Farmitalia Carlo 

Erba. All other chemicals and solvents were of analytical-reagent grade. 

Methods 

Melting points were determined with a Buehi apparatus and are uncorrected. 

The elemental analyses were carried out with a Perkin-Elmer 240 C,H,N analyzer 

and were within ± 0.4 % of the theoretical values. 

[aJD measurements were made with a Perkin-Elmer 141 M photoelectric 

polarimeter at 22° C. 

The chromatographic analyses were performed using a Gilson model 303 

isocratic pump, equipped with Holochrome HM variable wavelength detector, and 

Reodyne model 7125 injection valve. Experimental data were analyzed with the 

Gilson 715 HPLC software.Analytical columns (250 x 4.6 mm, 5 ~m) of covalently 

bound R-DNBPG and S-DNBL phases were used. The analysis of any compound 

was performed on both the racemate and the R enantiomer to determine the elution 

order of the antipodes. 

Several mixtures of hexane or iso-octane, as the main apolar component, and 

lower amounts of ethanol or 2-propanol were tested as eluting systems; 0.25 % 2-

propanol in hexane was found to be the most suitable mobile phase, at a flow rate of 

1 mllmin. UV detection at 260 nm was used. 

Tables 1 and 2 report the capacity factors K't and K'2 of the first and second 

eluted enantiomer, the selectivity factor a, the resolution factor Rs and the elution 

order of the solutes. 

Methyl esters of methyl-, chloro- and nitro-substituted compounds had been 

already examined,on an R-DNBPG column by Demoncour and Azerad (13) and 

their results are, in general, consistent with our findings. 
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TABLE 1 (part I) 

Chromatographic Resolution of Methy12-Aryloxypropionates on R-DNBPG 
( upper values) and S-DNBL ( lower values) CSPs. 

Comp Aryl K\ K'2 a. Rs Last eluted 

1 a 2-CH3C6H4 0.88 1.14 1.29 1.03 S 
0.94 1.03 1.10 0.84 R 

2 a 3-CH}C6Il4 1.41 1.58 1.12 1.06 S 
1.36 1.47 1.08 0.78 R 

3 a 4-CH 3C6H4 1.55 1.71 1.10 1.19 S 
1.50 1.60 1.07 0.60 R 

4 a 2-CzHSC6H4 0.80 0.90 1.12 0.95 S 
0.80 0.89 1.12 0.95 R 

5 a 3-C2H5C6H4 1.19 1.31 1.10 0.94 S 
1.26 1.37 1.09 0.88 R 

6 a 4-C2HsC6H4 1.32 1.47 1.11 1.12 S 
1.25 1.34 1.07 0.68 R 

7 a 2,3-(CH3hC6H3 1.11 1.30 1.17 1.56 S 
1.09 1.24 1.13 1.06 R 

8 a 2,4-(CIl3)2C6H3 1.06 1.25 1.18 1.23 S 
0.97 1.10 1.13 0.99 R 

9 a 2,5-(CH3hC6H 3 1.00 1.20 1.20 1.69 S 
0.95 1.06 1.12 0.88 R 

10 a 2,6-(CH3hC6H3 0.97 1.00 -- -
1.02 1.00 - --

11 a 3,4-( CIl3}zC6H 3 1.73 1.99 1.15 1.01 S 
1.90 2.07 1.09 0.78 R 

12a 2-CIC6H4 1.57 1.68 1.07 0.86 S 
1.41 1.52 1.08 0.97 R 

13 a 3-CIC6H4 1.22 1.30 1.07 0.75 S 
1.09 1.14 1.05 0.64 R 
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TABLE 1 (part II) 

Chromatographic Resolution of Methyl 2-Aryloxypropionatcs on R-DNBPG 
( upper values) and S-DNBL ( lower values) CSPs. 
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Comp Aryl K\ K' 2 a R, I ,ast eluted 

14 a 4-ClC6H4 1.31 1.39 1.06 0.69 S 
1.19 1.00 - --

15a 2-N02C6H4 8.19 8.34 1.02 0.52 S 
9.11 9.32 1.02 0.53 R 

16 a 3-N02~H4 4.67 4.81 1.03 0.70 S 
4.52 1.00 - --

17 a 4-N02~H4 7.43 I 7.58 1.02 0.50 S 
6.27 1.00 - -

18 a 3-(CH;CO)C6H. 12.23 12.95 1.06 0.90 S 
10.00 10.26 1.03 0.44 R 

l' a 3-(C6R sCO)C6H4 13.24 13.79 1.04 0.81 S 
9.38 9.65 1.03 0.72 R 

20 a 2-CH3-3-(4- 7.88 8,63 1.10 1.12 S 
CIC6H4CO)C6l!3 5.73 6.27 1.09 1.16 R 

21 II 4-(C6HS)C6H4 2.88 3.15 1.09 1.14 S 
2.29 2.40 1.05 0.80 R 

22 a 4-(2,4-F2C6H3)C6H4 2.54 2.71 1.08 1.03 S 
1.98 2.09 1.06 0.86 R 

23 a 4-(C6HsCHz)C6H4 2.35 2.50 1.06 0.79 S 
1.85 1.96 1.06 0.68 R 

24 II 4-(C6RsCO)C6H4 17.69 18.86 1.07 1.05 S 
14.46 14.87 1.03 0.70 R 

25 a 4-(C6 HsO)CGH4 2.50 2.66 1.06 0.84 S 
2.02 2.15 1.06 0.87 R 

26 a C6RS 1.50 1.59 1.06 0.79 S 
1.55 1.62 1.05 0.35 R 
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TABLE 2 (part I) 

Chromatographic Resolution of Ethyl 2-Aryloxypropionates on R-DNBPG (upper 
values) and S-DNBL (lower values) CSPs. 

Comp Aryl K'j K'z (l R, Last eluted 

1 b 2-CH3C6~ 2.44 2.75 1.13 1.37 S 
1.99 2.11 1.06 0.51 R 

2 b 3-CH3C6H4 2.19 2.42 1.10 1.00 S 
3.06 3.13 1.02 0.21 R 

3 b 4-CH3C6H4 1.23 1.36 1.10 0.99 S 
1.17 1.22 1.04 0.54 R 

4 b 2-C2HsC6H4 0.47 0.55 1.16 1.00 S 
1.90 2.09 1.10 0.97 R 

5 b 3-C2HsC6H4 0.76 0.85 1.11 1.12 S 
2.16 2.27 1.05 0.66 R 

6 b 4-C2HsC6H4 2.73 2.92 1.07 0.89 S 
3.67 3.81 1.04 0.53 R 

7 b 2,3-(CH3)2C6H3 1.09 1.29 1.18 1.74 S 
1.07 1.17 1.09 0.81 R 

8 b 2,4-(CH3hC6H3 0.98 1.15 1.17 1.20 S 
1.13 1.24 1.10 0.79 R 

9 b 2,5-(CH3)2C6H3 2.01 2.33 1.16 1.79 S 
2.58 2.68 1.04 0.38 R 

10 b 2,6-(CH3)2C6H3 0.65 0.68 1.05 0.59 S 
1.14 1.00 - -

llb 3,4-(CH3)2C6H3 1.43 1.65 1.15 1.71 S 
0.79 0.84 1.06 0.56 R 

12b 2-CIC6H4 1.57 1.68 1.07 0.86 S 
1.60 1.70 1.07 0.77 R 

13 b 3-CIC6H4 1.11 1.00 - -
1.07 1.00 - -
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TABLE 2 (part II) 

Chromatographic Resolution ofEthyl2-Aryloxypropionates on R-DNBPG (upper 
values) and S-DNBL (lower values) CSPs. 

Camp Aryl K'J K'2 ex R, Last elll1ed 

14 b 4-CIC,H4 1.04 1.00 -- -
2.65 1.00 -- -

15 b 2-N02C6H4 $.93 1.00 - --
8.54 1.00 - -

16 b 3-N02C6H4 3.89 1.00 - --
2.98 1.00 -- ---

17 b 4-N~C6H4 5.43 1.00 - --
5.10 1.00 - --

18 b 3-(CH)CO)C6H4 26.16 I 27.62 1.06 0.90 S 
8.43 1.00 -- -

19 b 3-(C6HsCO)C6H4 10.84 11.30 1.04 0.91 S 
8.30 8.46 1.02 0.57 R 

20 b 2-CH3-3-(4- 6.15 6.72 1.09 1.71 $ 

Cl~H4CO)C6H3 4.53 4.84 1.07 1.35 R 

21 b 4-(C6HS)C6H4 3.15 3.46 1.10 1.04 S 
2.96 1.00 -- -

22 b 4-(2,4-F2C6H3)C6H4 1.80 I 1.93 1.07 1.01 S 
1.53 1.00 --- -

23b 4-(C6HsCH2)C6H4 2.68 2.88 1.07 0.86 S 
2.53 2.60 1.03 0.34 R 

24 b 4-(C6HsCO)C6H4 18.32 18.93 1.03 0.81 S 
12.58 12.77 1.02 0.38 R 

25 b 4-(C6HsO)C6H4 2.60 2.80 1.08 1.03 S 
2.36 2.42 1.03 0.48 R 

26 b C6HS 1.23 1.31 1.07 0.83 S 
1.35 1.00 - --
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RESUL TS AND DISCUSSION 

Chromatographic separation of the racemic compounds and R enriched samples 

(arising from the synthesis of the optically active compounds) was performed to 

determine the correct elution order of the enantiomers. 

As expected, the chromatographic chiral resolution of ethyl and methyl esters on 

both R-DNBPG and S-DNBL phases was very similar. Nearly all the esters 

appeared to be more suitable derivatives than the corresponding amides (3) for the 

chiral interaction with CSPs. This is because in general they show comparable ex and 

Rs values, but shorter elution times. K' values of both ethyl and methyl esters are 

much lower than those of the amides, even if the eluting system contains much less 

2-propanol (0.25 % vs 5 or 10 %), normally used for avoiding excessively strong 

interactions of solutes with stationary phases by means of hydrogen bonding. Apart 

from the sites involved in the mechanism of chiral discrimination by hydrogen 

bonding, on the CSP there are other sites which can give this type of interaction; the 

amount of 2-propanol must thus be enough to saturate these sites. 

Methyl and ethyl esters showed better values of ex and Rs parameters on 

R-DNBPG than on S-DNBL phase, in contrast to the amides. 

On comparison of the elution order of the esters and amides it appeared that, 

while the S enantiomer of almost all amides was eluted last on both the CSPs, the S 

enantiomer of all methyl and ethyl esters was more retained than the R enantiomer on 

R-DNBPG and vice versa on S-DNBL phase. 

We had already observed that the enantiomers of the amides, bearing a second 

carbonyl group on the aryloxylic portion (acetyl or benzoyl derivatives), were eluted 

with longer retention times and were less resolved than the others. Higher K' values 

can be also observed for the corresponding esters 18a-20a, 24a and 18b-20b, 

24b. These results could signify that these compounds strongly interact with the 

stationary phases hy means of the acetyl or benzoyl moieties that can give rise to 

hydrogen bonds or dipole-dipole bonding which do not involve the chirality of the 

interaction between the molecules and the CSPs. 

The influence that the substituents of the aryloxylic portion have on the extent of 

the chiral resolution was pointed out. We observed that the presence of electron­

donating methyl and ethyl groups produced an increase in ex and Rs values. This is 

in agreement with the assumption that the strength of the 1t-1t interaction of the 

solute with the 1t acidic moiety of CSP ( dinitrobenzoyl group) is increased because 

of the 1t basic property of the methyl or ethyl substituted aryl group. 
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In contrast, compounds bearing electron-donating groups with greater steric 

hindrance (e. g. phenyl, benzyl, phenoxyl), as well as the unsubstituted derivative 

and derivatives with electron-withdrawing substituents were less resolved 

chromatographically. 

The poor or complete lack of resolution of the compounds with eleetron­

withdrawing substituents indicate that the 1t-1t interaction between their aryloxylic 

portion and the dinitrobenzoyl group of CSP is unlikely because the 1t electrons of 

the substituted phenyl ring are less available. The higher K' values of the nitro 

derivatives show the presence of other interactions, which are not determinant for 

chiral separation. 

It was also observed that of the compounds with electron-donating groups, the 

esters bearing a second aromatic ring (phenyl, benzyl, phenoxyl), showed higher K' 

values with respect to methyl, dimethyl or ethyl derivatives. This could signify a 

stronger interaction with the stationary phase because of the higher stability of the 

solute-CSP complex when a second aromatic ring was present. In fact. another 1t-1t 

interaction, which does not involve the chirality of the molecule and delays the 

elution of the solutes through the column, can take place. 

Chiral Discrimination Mechanism 

Apart from the analysis of the experimental results, we also investigated 

interactions of the esters with the chiral phases using molecular models, which 

enabled us to recognize more probable interaction sites of both the CSPs and 

solutes. 

We assumed (Figg. 1 and 2) that in the conformation by which the CSPs moiety 

interacts with the solutes. the dinitrobenzoyl carbonyl oxygen is near the mcthyne 

hydrogen, presumably for reasons of carbinyl hydrogen bonding (as already 

proposed by Pirkle et al. (14) ). Further hydrogen bonding is also possible between 

the carbonyl next to the chiral center and the aminoacidic NH glOUp. 

Figures 1 and 2 show that the possible interactions for the more retained 

enantiomer (S for R-DNBPG and R for S-DNBL) arc: 

a) dipole-dipole stacking between the carbonyl of 3.5-dinitrohenzoyl group of the 

stationary phase and the carbonyl of the propionyl group of the solutes; 

b) 1t-1t interactions of the dinitrobenzoyl group of CSPs and the aryloxyl portion 

of the solutes; 
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CH J R 
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FIGURE 1. Interactions of enantiomer S-l with R-DNBPG phase 

FIGURE 2. Interactions of enantiomer R-l with S-DNBL phase 

c) hydrogen bonding between the carbamic NH group of CSP and the oxygen of 

the ester group of the solutes. 

All these interactions are possible depending on the configuration of the solutes. 

They can thus give rise to chiral discrimination because the methyl group, directly 

attached to the asymmetric carbon atom, prevents optimum alignment of the solute 

and CSP for less retained enantiomers whose diastereomeric complexes with CSPs 

have lower stability. 
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This discrimination mechanism agrees with experimental data. 

For the unresolved esters, other interactions (also those already mentioned for the 

nitro-derivatives), can obviously prevent the chiral interaction. 

CONCLUSIONS 

We experimented chiral resolution of methyl and ethyl esters of twenty-six 2-

aryloxypropionic acids and, for numerous compounds, this was accomplished in a 

very short time. Compounds bearing a carbonyl group at the aryloxylic moiety 

showed highest K' values. 

The degree of chiral resolution did not appear to depend on the steric hindrance of 

the substituents, but rather on their electronic features. Furthermore, the electron­

donating properties of methyl and ethyl groups improved the resolution, as shown 
by the comparison of the a and Rs values of the methyl and ethyl substituted 

compounds, those of the unsubstituted 26 and of the compounds with electron­

withdrawing substituents. 

Critical analysis of the experimental results and the study of the solute-CSP 

interactions, by means of molecular models, allowed us to establish the chiral 

recognition mechanisms which lead to the enantiomeric separation of the examined 

compounds. 
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ABSTRACT 

Identification of hemorphins issued from a complex hemoglobin enzymatic 
hydrolysate was carried out by UV-spectra comparison. Two hemorphins,VV­
hemorphin-7 and LVV-hemorphin-7, were detected in a single step by the use of 
HPLC coupled with photodiode array detector. This technique greatly simplified the 
the multistage identification and purification strategy. This method could also be 
efficiently applied to the identification of peptides containing aromatic amino acids. 

INTRODUCTION 

High performance liquid chromatographic technique greatly enhanced the 

separation and quantification abilities in the bioactive peptides studies area [1 - 3]. 

Therefore, the measure of retention or mobility derived from this technique typically 

yield insufficient information in order to verify or quantify the presence of expected 

peptides 

Three dimensional ancillary spectroscopic technique have made great 

contribution to the effectiveness of chromatographic system in a variety of 

application areas [4]. In recent years, one of them, HPLC combined with 

photodiode array detector technology, extended many of advances of ancillary 
spectroscopy in liquid chromatography [5-10]. The parallel detection nature of the 
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reverse optics diode array detection system provides the potential for absolute 

wavelength accuracy. This means that the UV spectra of even compounds with no 

prominent peaks in the UV spectra could be compared, and true differences 

resulting from the sample under study have been obtained [11 -12]. This technique 
has been successfully applied in peak purity verification and determination of 

aromatic amino acid content of protein and peptides [4]. 

We have previously reported isolation of two opioid peptides, LVV­

hemorphin-7 and VV-hemorphin-7 from a very complex bovine hemoglobin peptic 

hydrolysate [13]. These isolated peptides or those obtained either from the bovine 

or human beta- chain of hemoglobin [14] contained important amounts of aromatic 

amino acids. This conferred peculiar spectra differing from that of other peptides. 

These properties allowed us to set up, using UV spectra comparison, a 

chromatographic method for identification of hemorphins from this peptic mixture. 

The aim of our study was to simplify the purification procedure of such expected 

bioactive peptides. 

EXPERIMENTAL 

MATERIALS AND CHEMICALS 

All common chemicals and solvents were of analytical grade from 

commercial sources. Rabbit lung angiotensin converting enzyme (ACE) was 

purchased from Sigma Chemicals. Hemorphin-7 was synthesized by C.Guillon, 

Laboratoire de Technologie Enzymatique, University of Compiegne Compiegne, 

France 

Hydrolysate, fraction F VII, L VV-hemorphin-7 and VV-hemorphin-7 preparation 

Bovine hemoglobin hydrolysate was obtained at pilot- plant scale by peptic 

proteolysis in an ultrafiltration reactor as previously described [15]. Active fraction 

FVII was prepared by gel permeation HPLC using TSK G2000 SWG column 

(19mm Ld. X 600 mm) and analyzed by reversed phase (RP) HPLC in order to 

obtain LVV-hemorphin-7 and VV-hemorphin-7 as described previously [13]. 

L VV-hemorphin-S and VV-hemorphin-S preparation 

1 mg of either VV-hemorphin-7 or LVV-hemorphin-7 were dissolved in 1 ml 

0.05 M Tris - HCI buffer pH 7.4 and incubated at 37°C with angiotensin converting 

enzyme (ACE) (7.5 mU) during 7 h. according to LANTZ [16]. The reaction mixture 

was resolved on a Nova-Pak C-18 column (3.9 mm L d. X 150 mm). LVV­

hemorphin-5 and VV-hemorphin-5 were identified by mass spectrometry. 

HPLCsystem 

The liquid chromatographic system consisted of Waters 600 automated 

gradient controller-pump module, Waters Wisp 717 automatic sampling device and 

Waters 996 photodiode array detector. Spectral and chromatographic data were 
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stored on NEC image 466 hard disc using NEC image 466 computer. Millennium 

software was used to plot, acquire and treat chromatographic data. 

METHODS 

Mobile phase for Delta Pak C-1S column (19 mm i.d.X 300 mm) 

The mobile phase comprised 10 mM ammonium acetate buffer pH 6.0 as 

eluent A and acetonitrile as eluent B. The flow rate was 12 ml/min. Samples were 

dissolved in buffer A, filtered through 0.20 11m filters and injected. The gradient 

applied was 0-40% B in 80 min. 

Mobile phase for Nova-Pak C-1S column (3.9 mm i. d. X 150 mm) 

The mobile phase comprised: 10 mM ammonium acetate buffer pH 6.0 as 

eluent A and acetonitrile as eluent B. A linear gradient (15-30% B in 15 minute) was 

applied. 

Procedure 

Hemorphin-7, VV-hemorphin-7 and LVV-hemorphin-7 were 

chromatographed at room temperature on the Delta Pak C-18 and Nova Pak C-18 

respectively with conditions described above. Total hydrolysate and fraction FVII 
were also injected on Delta Pak C-18 column under the same conditions. On-line 

instantaneous UV absorbance spectral scan were performed between 190 nm and 

350 nm with a rate of one spectrum/second. Then the results of chromatographic 

analyses were completed by using Millennium software. Spectrum matching results 

(comparison spectra of the peaks in the chromatographic profile with library spectra 

of the hemorphins.) were reported by Waters Millenium system as: 

Match angle - A measure of the difference in spectral shapes between an 

unknown spectrum and a library spectrum. Match angle can range from 0 to 90 

degrees. Lower values indicate that spectra are similar. Larger values indicate 

greater degrees of spectral difference. 

Match threshold - Sensibility of the measurement. It can range from 0 to 180 

degrees. Larger values indicates a lower sensibility of the measurement. In 

general, if the match angle is greater than the match threshold, it indicates that two 

spectra are different. If the match angle is less than the match threshold, it does not 

indicate that the two spectra are different. 

Amino acid analysis 

Amino acids were analyzed using a Waters Picotag Work Station. Peptide 

hydrolysis was achieved with constant-boiling HCI containing 1% phenol, for 24 h. 

at 100°C. Precolumn derivatization of amino acids with phenyl isothiocyanate and 

HPLC separation of derivatized amino acids on a Waters RP-Picotag column(150 

mm x 3.9 mm Ld.) were performed according to Bidlingmeyer et at. [17]. The 

detection wavelength was 254 nm and the flow rate 1 ml/min. 
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Mass spectrometry analysis 

Mass spectra, generated from Fast Atom Bombardment (FAB) mass 

spectrometry of the peptides, were recorded on a four sector "Concept II" tandem 

mass spectrometer (Kratos, Manchester, UK). Ions were produced in a standard 

FAB source by bombarding the sample with xenon atoms having a kinetic energy of 

8 KeV and the instrument was operated at an accelerating voltage of 8 KeV. The 
peptide was dissolved in water (1 119/111) and 1 III of the solution was loaded on the 

stainless steel tip with thioglycerol as matrix. The mass range was scanned at 10 

s/decade with a mass resolution of 3000. Caesium iodide was the standard for 

mass calibration. 

RESULTS AND DISCUSSION 

COMPARISON OF HEMORPHINS SPECTRA 

Hemorphin-7 (50 119), VV-hemorphin-7 (50 119), LVV-hemorphin-7 (15 J-lg), or 

a mixture of VV-hemorphin-7 (50 J-lg) or LVV-hemorphin-7 (50 J-lg) incubated with 

ACE (15) were successively loaded on the Nova Pak C18 column. 

The UV spectra of protein and peptides are greatly dependent on their amino 

acids content. Unlike aromatic amino acids (phenylalanine, tryrosine and 

tryptophan) the others have very similar spectra. Only the aromatic amino acids 

exhibit maximal absorbances between 250 and 300 nm, nevertheless, their spectra 

are broad and they overlap. 

Absorbance UV spectra of hemorphins are shown in figure 1. They were 

very similar especially between 250 and 300 nm. This was due to the same amount 

of Try and Trp in these molecules. Only the mathematical analysis and comparison 

of spectra allowed to differentiate them. The differences between spectra are 

displayed in table 1. When one spectrum was matched with itself, match angle was 

zero. The smaller match angle indicated that two molecules were almost similar. 

For example, as far as LVV-hemorphin-7 was concerned, it matched more or less 

with the other hemorphins. Thus, match angle values could be classified following 

an increasing order: LVV-hemorphin-7 < VV-hemorphin-7 < hemorphin-7 < LVV­

hemorphin-5 < VV-hemorphin-5. It confirmed that, regarding hemorphins primary 

structure, the degree of similarity were inversely related with match angle values. 

It could be noticed that hemorphin-7 and VV-hemorphin-5, in spite of the 

same chain length, showed different match angles when compared with LVV­

hemorphin-7. According to the match angle values, hemorphin-7 was much similar 

to LVV-hemorphin-7 than VV-hemorphin-5. So, when peptides similarity is required, 

if aromatic amino acids seems to prevail, the chain length should also be 

considered (Table 2) 
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Figure 1: UV-spectra of the hemorphins obtained by photodiode array detector during their 
chromatographic analyses on a Nova Pak C18 column with the conditions described in experimental 
section. a) VV-hemorphin-5; b) LW-hemorphin-5; c) Hemorphin-7; d) W-hemorphin-7; e) LVV­
hemorphin-7. 
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TABLE 1 
Match Angle (MA) and Match Threshold (MT) Calculated by Millenium System from the Comparison 
of UV Spectra of Hemorphins during Chromatographic Analyses on Nova Pak Column. 

Library spectra VV- LVV- VV- LVV-
hemorEhin-5 hem°rEhin-5 HemorQhin-7 hem°rEhin-7 hem°rEhin-7 

SamQle sQectra MA MT MA MT MA MT MA MT MA MT 
VV-hemolJ2hin-5 0.00 0.051 0.784 0.073 2.695 0.045 3.366 0.212 3.175 0.181 
LW-hemorQhin 5 0.784 0.073 0.00 0.084 1.583 0.066 2.748 0.219 2.694 0.187 

Hem°rEhin-7 2.693 0.045 1.581 0.065 0.00 0.034 1.466 0.021 1.717 0.179 

W-hem°rEhin-7 3.366 0.212 2.748 0.219 1.466 0.211 0.00 0.288 0.559 0.274 
LVV-hemorehin-7 3.175 0.182 2.693 0.188 1.717 0.179 0.559 0.274 0,00 0,244 

TABLE 2 
Primary Structure of Hemorphins 

Hem°rEhins Structure 
W-hemorQhin-5 Val Val Ti: r Pro Trl2 Thr Gin 
LVV-hemorl2hin-5 Leu Val Val Ti:r Pro Trl2 Thr Gin 
Hem°rEhin-7 Ti:r Pro Trl2 Thr Gin Arg Phe 
VV-hem°rEhin-7 Val Val Ti:r Pro TrE Thr Gin Arg Phe 
L VV-hemorehin-7 Leu Val Val Ti:r Pro Tre Thr Gin Are Phe 

VERIFICATION OF THE METHOD RELIABILITY 

The method was tested by searching VV-hemorphin-7 and LVV-hemorphin-7 

in fraction FVII of the hemoglobine hydrolysate by use of UV spectral comparison 

Hemorphin-7 (50 /-lg), VV-hemorphin-7 (50 /-lg) and LVV-hemorphin-7 (15/-lg) 

were injected on a Delta Pak column under the conditions described in 

experimental section. Chromatographic profiles and UV spectra of hemorphins 

were recorded (Fig. 2). With photodiode array detector, two chromatographic 

parameter were obtained in the same time: retention time and real time spectra. 

Then, fraction FVII was injected on the same column under the same conditions. 

Figure 3 exhibits its chromatographic profile. The hemorphins UV spectra .were 

matched with every peak in this fraction. Table 3 exhibited the results. When we 

matched VV-hemorphin-7 UV-spectrum as library spectrum towards all the peaks 

of the profile, peak 3 was identified as VV-hemorphin-7. In the same manner, peak 

4 was identified as LVV-hemorphin-7. This corroborated the results obtained with 

the same column from previous studies involving time consuming purification steps 

[14]. 

Verification was also carried out by use of hemorphins UV spectra obtained 

from Nova Pak column. Under these conditions it was impossible to detect W­

hemorphin-7 and LVV-hemorphin-7 only by use of their retention time. Therefore, 

matChing of their spectra could bring more informations. The results are presented 
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Figure 2: UV-spectra and correspondent chromatographic profiles of the hemorphins obtained by a 
photodiode array detector and a HPLC Delta Pak C18 column with the conditions described in 
experimental section. a) Hemorphin-7; b) VV-hemorphin-7; c) LVV-hemorphin-7. 
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Figure 3: Chromatographic profile of fraction FVII, issued from the TSK G2000 SWG column, on a 
Delta Pak C18 column with the conditions described in experimental section. Peak 3 and 4 were 
identified as VV-hemorphin-7 and LW-hemorphin by UV-spectra comparison. 

TABLE 3 
Spectral Matching Results of the Hemorphins with the Peaks of Fraction VII (fig.3) Separated by 
Delta Pak C18 Column. Peak 1 and 2 Were Rejected. Peak 3 and 4 Were Identified as VV­
Hemorphin 7 and LVV-Hemorphin 7 Respectively Match Angle (MA), Match Threshold (MT) 

Library spectra 
Sample spectra 
Peak 3 
Peak 4 

Hemorphin-7 VV-hemorphin-7 LVV-hemorphin-7 
MA MT MA MT MA MT 

1.754 1.003 0.551 1,004 1.330 1.006 
2.829 1.013 1.950 1.014 0.148 1.103 

in Table 4. Peak 3 and peak 4 were identified as VV-hemorphin-7 and LW­

hemorphin-7 by their match angles. So, it became an evidence that matching 

spectra were not limited to strict conditions: whatever the column, the method was 

still efficient. 

IDENTIFICATION OF VV-HEMORPHIN-7 AND LVV-HEMORPHIN-7 FROM A 
COMPLEX PEPTIC BOVINE HEMOGLOBIN HYDROLYSATE 

The previous experiments represented analyses performed on a simple 

fraction. Our purpose was to know whether it was possible to extract similar 

information from a more complex hydrolysate. So, peptic bovine hemoglobin 

hydrolysate (10 mg) was loaded on a Delta Pak C18 column. The profile is 

presented in figure 4. About 60 peaks could be resolved. Each peak was matched 

with UV spectra of hemorphins obtained from Delta Pak column. The results are 

shown in Table 5. Among 60 peaks, only 4 were selected by this calculation (peaks 

27, 41, 51, 52), the other peaks exhibited match angles greater than than 90 
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TABLE 4 
Spectral Matching Results of the Hemorphins with the Peaks of Fraction VII (fig.3) Separated by 
Nova Pak column. Peak 1 and 2 Were Rejected. Peak 3 and 4 Were Identified as VV-Hemorphin 7 
and LVV-Hemorphin 7 Respectively. Match Angle (MA), Match Threshold (MT) 

Library spectra 

Saml2le sl2ectra 
Peak 3 
Peak 4 

2.00

J 1..50 

::> 
i( 1.oo-j 

vv- LVV-
hemorl2hin-5 hemo!Ehin-5 

MA MA 
2.643 2.051 
4.394 3.332 

vv- LVV-
Hemo!Ehin-7 hemo!Ehin-7 hem0!Ehin-7 

MA MA MA 
1.063 0.51 1.677 
2.794 3.332 0.562 

51 

41 

Figure 4: Chromatographic profile of on a Delta Pak C18 column with the conditions described in 
experimental section. Peaks 27, 41, 51 and 52 were selected by matching spectra with hemorphins. 
Peak 51 and 52 were identified as VV-hemorphin-7 and LVV-hemorphin-7. 

degrees. It signified that their UV spectra were incomparable with those of 

hemorphins, probably because their primary structure were quite different from the 

hemorphins. When LVV-hemorphin-7 was used as library spectrum, the peak 52 

was identified as LVV-hemorphin-7. In the same way, peak 51 was identified as 

VV-hemorphin-7. When hemorphin-7 was used as library spectrum, the minimum 

match angle was peak 51, identified as VV-hemorphin-7. It indicated that, as 

already described, VV-hemorphin-7 was found the most similar molecule to 

hemorphin-7 (Table 1). Consequently, hemorphin-7 was not present in total 

hyd rolysate. 
We used also the UV-spectra of the hemorphins obtained from Nova Pak 

column as library spectra. Similar results were obtained. So, the procedure of 

purification of LVV-hemorphin-7 and VV-hemorphin-7 was greatly simplified by only 

one step. The four peaks were collected and analyzed. 
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TABLE 5 
Spectral Matching Results of the Hemorphins with All the Peaks of the Bovine Hemoglobin 
Hydrolysate (figA).Separated by Delta Pak C18 Column. Peak 27,41,51,52 Were Selected. Peak 
51 and 52 Were Identified as VV-Hemorphin 7 and LVV-Hemorphin 7 Respectively. Match Angle 
(MA), Match Threshold (MT) 

Library spectra VV- LVV-
Hemor:Qhin-7 hemorl2hin-7 hemor:Qhin-7 

Saml2le sl2ectra MA MT MA MT MA MT 
Peak 27 9.196 0.005 9.811 1,006 9.612 1.006 
Peak 41 4.956 0.003 6.093 1.003 5.236 1.103 
Peak 51 0.824 0.003 0.398 1.004 1.707 1.008 
Peak 52 2.856 0.012 2.999 1.012 0.332 1.024 

IDENTIFICATION OF VV-HEMORPHIN-7 AND LVV-HEMORPHIN-7 BY 
BIOCHEMICAL ANALYSIS 

By analysis of amino acid composition, FAB mass spectrometry and in 

regard of alpha and beta chains of bovine hemoglobin, the sequences of the four 

peaks selected among 60, were found out as following: 

P27: Asn - Val - Lys - Ala - Ala - Trp - Gly - Lys - Val 

(9 -17 of alpha chain of bovine hemoglobin) 

P41: Ser - Ala - Ala - Asp - Lys - Gly - Asn - Val - Lys - Ala - Ala - Trp 

(3 - 14 of alpha chain of bovine hemoglobin) 

P51: Val - Val - Tyr - Pro - Trp - Thr - Gin - Arg - Phe 

(32 - 40 of beta chain of bovine hemoglobin, W-Hemorphin 7) 

P52: Leu - Val - Val - Tyr - Pro - Trp - Thr - Gin - Arg - Phe 

(31 - 40 of beta chain of bovine hemoglobin, LVV-Hemorphin 7) 

As a result, peaks 51 and 52 were identified as VV-hemorphin-7 and LVV­

hemorphin-7. These results validated the results obtained by matching sp~ctra. We 

may suppose that Peaks 27 and 47 were retained by the spectral detection owing 

to their tryptophan content. Meanwhile, their match angle values were too much 

high to put them in the same category as hemorphins. Trp seemed to playa great 

role in spectrum matching because other peptides containing other aromatic amino 

acids, which are numerous in hemoglobin hydrolysate [18-19 ], were not 

assimilated to hemorphins by match spectra. 

In this work, a rapid method for identification of hemorphins issued from a 

complex bovine hemoglobin hydrolysate was established. Its accuracy was verified 

by biochemical analysis. As mentioned above, aromatic amino acids played a very 

important role in matching spectra. This property could also be applied to the 

detection of rich aromatic amino acid peptides. 
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ABSTRACT 

A simple quantitative TLC method for the determination of thymoquinone in 
commercially available black seed oil obtained from Nigella Sativa L. 
(Ranunculaceae) using a scanning densitometer is described. Also the 
identification of thymol, dithymoquinone in this sample was established. The Rf 
values for thymoquinone, thymol and dithymoquinone are 0.77, 0.37 and 0.52 
respectively. The identification of the thymoquinone spot, obtained from the 
methanol extract of oil is confirmed by GCIMS which is essentially identical to 
thymoquinone standard. The solvent system consisted of benzene: isopropyl 
ether (1: 1). All the spots were visualised and quantitated at 254 nm. The 
method proposed is simple, reproducible with a lower limit of detection of 100 
nmoles/ml and can be used in routine analysis of thymoquinone in black seed oil 
for quality control purposes. 
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INTRODUCTION 

Nigella Sativa L. (Ranunculaceae), it was first identified and described by 

Linnaneus, 1753. 

Nigella Sativa L. grows in Mediterranean countries and is cultivated in others. 

The black seed oil has a long history of folklore medicine in Arabian and other 

countries for the treatment of various diseases (1,2). Its main constituents are 

fixed oil, volatile oil and alkaloids. 

Tapozada et al (3) and Rathee et al (4) demonstrated that the volatile oil 

content of black seed oil is equivalent to 1.4-1. 9'110 based on the weight of total 

oil extracted. 

The percentage of thymoquinone isolated from Nigella sativa L. volatile oil was 

only 24% w/w of the volatile oil weight (5). Thymoquinone was isolated in a 

yield of 18.4 w/w from the volatile oil (6). Other constituents detected in the 

volatile oil were thymol and thymoquinone dimer (dithymoquinone) (7). The 

chemical structure of thymoquinone, thymol and dithymoquinone are shown in 

Figure 1. Aboutabl et al, (8) reported on the presence of monoterpenes, phenols 

and some esters in black seed oil. 

It has been shown that the volatile oil revealed some pharmacological activities 

such as bronchodilators (9,10,11), increases bile flow and concentration of bile 

salts (12), decreases blood pressure in dogs (13) and rats (14). Accordingly, it 

was considered worthwhile to establish an analytical method for the 

determination of thymoquinone to which the pharmacological activities of black 

seed oil are attributed. 
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Figure 1. The chemical structure of thy moquin one, thymol and dithymoquinone. 

MA TERIALS AND METHODS 

Chemicals 

Methanol, benzene, isopropyl ether were HPLC grade (Springfield, New Jersey, 

USA). TLC, Alumina GF plates (20 cm X 20 cm, 250 microns, Analtech, Inc. 

Newark, USA) were used. Authentic thymoquinone obtained from Aldrich 

Chemical Co., Milwaukee with 99% purity was used without further 

purification. The three black seed oil samples obtained from the local market. 

Thymol was obtained from BDH Pool, UK. Dithymoquinone was prepared 

according to the method described by Smith & Tess (15). 

Uniscan video densitometer (Analtec. Newark. DE, USA) was used in the 

analysis of thymoquinone and it consist of viewbox fitted with the appropriate 

light sources, video camera and an mM compatible Central Processing Unit 

(CPU) with appropriate computer boards and densitometer software. 

The solvent system used for TLC runs was benzene: isopropylether 1: 1. A 

saturation time of 30 min is allowed before each run (Chamber dimensions are: 
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30 cm, 10 cm, 25 cm length, width and height respectively). All sample spots 

were quantitated using the Uniscan integration software at wavelength 254 nm. 

Extraction procedure for oil: 

One ml of methanol was added to 1 m1 of oil (commercial black seed oil) in a 

glass centrifuge tube with cover. Vortex mix for 2 mins, the methanol top layer 

was transferred to a small glass vial and 5 ~l was spotted on TLC plate. 

The methanol extract of black seed oil and the spots corresponding to 

thymoquinone scrabed from the plates extracted with methanol, for further 

identification by Ge/MS. 

Gas chromatography mass spectrometry (GeIMS): 

Electron impact (EI)-Ge/MS analysis of the samples were carried out using a 

Hewlett-Packard (Palo Alto, CA, USA) 5988A Ge/MS system equipped with a 

Hewlett-Packard 5890 Ge and a 7673A autosampler. An Ultra-l crosslinked 

methylsilicone capillary column (Hewlett-Packard, 25mxO.2mm i.d. x 0.33 ~m 

film thickness) was used for analysis. The column oven was programmed as 

follows: 1 min at 800 C, followed by an increase of 60 C/min up to 2900 C 

followed by 5 min at 2900 C and injections were made in the splitless mode. The 

mass spectrometer interface was maintained at 2800 C and the mass 

spectrometer was scanned after a 4 min delay from rnIz to 550. 
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Variability and Percentage Recovery: 

The black seed oil sample 3 (I ml) spiked with 500 nmol internal thymoquinone 

standard. The spiked sample extracted and 5 J.ll was spotted on TLC plate. The 

spiked sample assayed 6 times during two weeks period to evaluate the precision 

of the assay. 

RESULTS AND DISCUSSION 

The TLC solvent described above gave optimum separation of thymoquinone, 

its dimer dithymoquinone and thymol. Identification of thymoquinone, 

dithymoquinone and thymol was achieved by using their corresponding Rf 

values, as shown in Table 1. 

GCIMS 

Both the oil extract and the TLC purified sample showed a peak at 11.8 min. 

This peak had the same retention time as that obtained by injecting a solution of 

standard thymoquinone. The spectra obtained from the extract and the purified 

sample were essentially identical with the thymoquinone standard and also 

matched with the NIST library spectrum. The spectrum showed a strong 

molecular ion at m/z 164 and a strong M-CH3 at m/z 149 as well as a strong ion 

corresponding to M-CO at m/z 136 and also showed M-C3H7 at m/z 121 and 

also a strong ion at m/z 93, possibly corresponding to M-C3H7-CO. A typical 

spectrum of the scrabed thymoquinone spot is shown in Figure 2. 
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Table 1. Rf values of Thymoquinone, Dithymoquinone and Thymol 

RfValues* 

Thymoquinone 0.77 

Dithymoquinone 0.52 

Thymol 0.37 

* Average of 6 determinations. 
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Figure 2. A mass spectrum of scraped thymoquinone TLC spot. 
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Linearity 

Linear regression curves were constructed over the range of 1 - 30 nmoles with 

the correlation coefficient 0.979, (n=6) (Figure 3). Each determination (n=6) for 

the thymoquinone contents in black seed oil consisting of calibration curve and 

extracts of interest, was on one TLC plate. The lower limit detection of the 

method was 100 nmoles/ml as shown in Figure 4. 

Percentage Recovery and Variability 

The percentage recovery of spiked oil sample 3 was 90, with a coefficient of 

variation 5.6. Table 2 summarizes the results for the quantitative assay of 

thymoquinone in black seed oil. 

Thorough literature review revealed that thymoquinone, was constantly the main 

active constituent of volatile oil contents of black seed oil (5,6,8). 
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Figure 3. Linear regression curve for the quantitative determination of 
thymoquinone. 
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Figure 4. Linear regression curve for the quantitative determination of the lower 
limit of thymoquinone. 

Table 2: Thymoquinone content in black seed oils 
(3 commercial samples) and sample 3 spiked 

with thymoquinone internal standard. 
Black seed oil Mean* ± S.D c.v. 

sample (nmoles/5111) 

1 14.42 ± 1.07 7.4 

2 4.46 ± 0.6 6.0 

3 undetected 

3 spiked 2.25 ± 0.13 5.7 

* Average of 6 determinations. 

Thymoquinone 
nmoles/ml 

2.9 x 103 

0.9 x 103 

< 100 

0.45 x 103 

Marozzi et al. (16) claimed that the pharmacological activities of the volatile oil 

is due to its thymoquinone contents. The previous statement suggest that the 

quality of black seed oil was related to its thymoquinone contents. This content 

may vary according to the method of processing. 
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CONCLUSION 
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The quantitative TLC determination for thymoquinone described in this study 

provides a simple, rapid, reproducible method of analysis which can be used to 

establish the criteria required for the quality control of this constituent. 
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ABSTRACT 

A high performance liquid chromatography procedure has been 
developed for the assay of a metoclopramide and ondansetron mixture 
in 0.9% sodium chloride injection. The separation and quantitation are 
achieved on a base deactivated octylsilane column at ambient 
temperature using a mobile phase of 77:23 v/v 0.01 M phosphate 
buffer, pH 4 - acetonitrile at a flow rate of 1.0 mL/min with detection of 
analytes at 273 nm. The separation is achieved within 15-20 min with 
sensitivity in the ng/mL range for each analyte. The method showed 
linearity for metoclopramide and ondansetron in the 12.5 - 50 and 5-20 
Jlg/mL ranges, respectively. Accuracy and precision were in the 1 - 2 % 
and 0.3 - 1.3% ranges, respectively, for both drugs. The limits of 
detection for metoclopramide and ondansetron were 49 and 20 ng/mL, 
respectively, based on a signal to noise ratio of 3 and a 20 jJL injection. 

INTRODUCTION 

A mixture of metoclopramide and ondansetron can be used as a 

perioperative injection in operating rooms in U.S. hospitals. Interest in 
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our laboratories in the stability and compatibility of the drug mixture over 

time in 0.9% sodium chloride injection required the development of an 

HPLC method. A search of the literature indicated that an HPLC method 

was not available to assay for the mixture concurrently in a single 

injection. 

Metoclopramide has been previously analyzed by ultraviolet and 

fluorescence spectroscopy and gas-liquid and high performance liquid 

chromatography. The UV assay measured the drug at 305 nm in a 

chloroform extract of commercial tablets (1). The fluorescence method 

measured the drug in a pH 2 solution using excitation and emission 

wavelengths of 310 and 360 nm, respectively (2). The GC assay 

provided separation of the drug on a 6 ft 3% OV-1 stationary phase with 

flame ionization detection (3). One HPLC method reported the 

separation of metoclopramide on an octadecylsilane column with a 

methanol-water-ammonia mobile phase and detection at 308 nm (4). 

The most recent HPLC method used an acetate buffer-acetonitrile mobile 

phase to assay for the drug in commercial tablets with the UV detector 

set at 273 nm (5). 

Ondansetron has been assayed by high performance thin-layer 

chromatography (HPTLC), HPLC methods and radioimmunoassay 

methods. The HPTLC method was developed especially for plasma 

samples, but the sample throughput was low and the equipment is not 

generally available in most laboratories (6). The HPLC assays used either 
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a silica column with an aqueous-organic mobile phase or a cyanopropyl 

column operated in the reverse-phase mode (7,8). Detection of the 

analyte was either by UV at 305 nm or radiochemical detection. The 

radioimmunoassay was combined with sample cleanup using a 

cyanopropyl solid phase extraction cartridge to provide a subnanogram 

per mL determination of ondansetron (9). 

In this paper, an isocratic HPLC assay is presented that will 

simultaneously analyze for metoclopramide and ondansetron in 0.9% 

sodium chloride using a single injection. The compounds are separated 

on a base deactivated octylsilane column using a buffered aqueous­

acetonitrile eluent. The separation is achieved within 15-20 min at 

ambient temperature with sensitivity in the ng/mL range. 

EXPERIMENTAL 

Reagents and Chemicals 

The structure formulae of the compounds studied are shown in 

Figure 1. Metoclopramide hydrochloride (Lot 75F-0603) was purchased 

from Sigma Chemical Co. (St. Louis, MO). Ondansetron hydrochloride 

(Lots AWS17 or AWS332A) was a gift from Glaxo, Inc. (Research 

Triangle Park, NC 27709). Acetonitrile (J.T. Baker, Phillipsburg, NJ 

08865) was HPLC grade and water was purified by a cartridge system 

(Continental Water Systems, Roswell, GA 30076). Monobasic 

potassium phosphate and potassium hydroxide were Baker analyzed 

reagents. 
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METOCLOPRAMIDE 

ONDANSETRON 

Figure 1 Chemical structures of compounds studied. 

Instrumentation 

The chromatographic separation was performed on an HPLC 

system consisting of a Waters Model 501 pump (Milford, MA 01757), 

an Alcott Model 728 auto-sampler (Norcross, GA 30093) equipped with 

a 20 .uL loop, a Beckman Model 163 variable wavelength UV-VIS 

detector (Fullerton, CA 92634) and a Shimadzu Model CR-3A integrator 

(Columbia, MD 21046). Separation was accomplished on a 25 em base 

deactivated octylsilane (4.6 mm Ld., 5 .um particle size, Zorbax Rx-C8 

Mac-Mod Analytical, Chadds Ford, PA 19317). The mobile phase 

consisted of 77:23 v/v 0.01 M aqueous monobasic potassium phosphate, 
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pH 4.0 (adjusted with 1 N potassium hydroxide)-acetonitrile. The mobile 

phase was filtered through a 0.45 Jim Nylon-66 filter (MSI, 

Westborough, MA 01581 ) and degassed by sonication prior to use. The 

flow rate was 1 mL/min and the detector was set at 273 nm. 

Preparation of Standard Solutions 

A combined standard solution containing metoclopramide and 

ondansetron was prepared by accurately weighing 2.8 mg of 

metoclopramide hydrochloride and 1.1 mg of ondansetron hydrochloride, 

transferring to a 50-mL volumetric flask, manually shaking for 10 min 

and 0.9% sodium chloride injection added to volume. This combined 

standard solution along with 1: 1 and 1:4 dilutions made from the 

combined standard solution gave solutions containing 50.0, 25.0 and 

12.5 Jig/mL of metoclopramide and 20.0, 10.0, and 5.0 JigimL of 

ondansetron expressed as the free base concentrations. Three point 

calibration curves were constructed for each analyte. Additional 

dilutions (7.5:10 and 3.8:10) of the combined standard solution were 

prepared in 0.9% sodium chloride injection to serve as spiked samples 

for each analyte to determine accuracy and precision of the method. 

Quantitation was based on linear regression analysis of analyte peak 

height versus analyte concentration in JigimL. 

RESULTS AND DISCUSSION 

There were no reports in the scientific literature describing a 

separation of metoclopramide and ondansetron in a single mixture. Initial 
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studies to develop a single isocratic HPLC method for the two analytes 

involved the use of underivatized silica, phenyl, octyl, and octadecyl 

columns with various mobile phases containing methanol-aqueous 

phosphate buffers and/or acetonitrile-aqueous phosphate buffers at 1 

mL/min. The best resolution of the analytes was obtained on a base 

deactivated octylsilane column using a 77:23 v/v phosphate buffer pH 

4-acetonitrile mobile phase with a total run time of 15-20 min. The 

column also allowed the separation of methylparaben (preservative found 

in most commercial injections) from the analytes (Rt of 17.8 min). A 

typical chromatogram showing the separation of the two analytes is 

shown in Figure 2. 

The absorption maximum for metoclopramide in the phosphate 

bUfer-acetonitrile mobile phase was 273 nm. Even though this was not 

the maximum absorption wavelength for ondansetron, 273 nm was 

selected as the detection wavelength for the assay since it provided both 

good accuracy and precision data for the two component mix. 

The HPLC method showed concentration versus absorbance 

linearity for metoclopramide and ondansetron in the 12.5-50 and 5-20 

pg/mL ranges, respectively, at 273 nm. Table 1 gives other analytical 

figures of merit for each analyte. A photodiode array detector (Model 

990, Waters Associates, Milford, MA 01757) was used to verify that 

none of the degradation products of the analytes would interfere with 

the quantitation of each drug at 273 nm. These experiments were 

performed on solutions of both drugs in 0.9% sodium chloride injection 
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Figure 2 
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Typical HPLC chromatogram of metoclopramide (A) 
and ondansetron (B) on a base deactivated octylsilane 
with an aqueous phosphate buffer pH 4.0 -
acetonitrile mobile phase. See Experimental Section 
for assay conditions. 

after they had been degraded for 6 hr at 80°C in both 1.0N hydrochloric 

acid and 1.0N sodium hydroxide. 

Percent error and precision of the method were evaluated using 

spiked samples containing each analyte. The results shown in Table 2 

indicate that the procedure gives acceptable accuracy and precision for 

both analytes. 
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Table 2 

Accuracy and Precision Using Spiked Drug Samples 

Concn Concn Percent RSD 
Added Found' Error (%1 
(pg/mLl (pg/mL) 

Metoclopramide 37.65 38.10 ± 0.12 1.20 0.31 
18.83 19.08 ± 0.25 1.33 1.31 

Ondansetron 14.87 15.07 ± 0.04 1.34 0.27 
7.44 7.56 ± 0.05 1.61 0.66 

• Based on n=3. 

Intra-day variabilities of the assay for metoclopramide and 

ondansetron expressed as % RSD were 0.75 and 0.43% (n = 6), 

respectively. Inter-day variabilities of the assay for these drugs were 

2.2 and 2.4% (n = 18 over 3 days). respectively. 

In summary, a base deactivated octylsilane column with an 

aqueous 0.01 M pH 4 buffer-acetonitrile mobile phase has been shown 

to be amenable for the separation and quantitation of a metoclopramide-

ondansetron mixture in 0.9% sodium chloride injection. This study 

suggests that the HPLC method can be used to investigate the chemical 

stability of a mixture of the drugs in sodium chloride injection. 
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ABSTRACT 

A validated reversed-phase high-performance liquid 
chromatographic (HPLC) procedure for the analysis of 178-
estradiol-3-phosphate is reported. In the development of 
this assay, several factors were evaluated including 
buffer ionic strength, mobile phase pH, ion-pairing 
concentration, organic composition, and column type. The 
described method is rapid and coupled with standard HPLC 
procedures leads to a selective, accurate, and repro­
ducible assay. The peak area versus 178-estradiol-3-
phosphate concentration is linear over the range of 0.1 -
100 ~g/mL, with a detection limit of 0.02 ~g/mL. 

INTRODUCTION 

An analytical method for the determination of the 

conjugated estrogen, 178-estradiol-3-phosphate (Ep) , in 

the presence of 178-estradiol (E2), estrone (E,), and 

estriol (E3) is reported. Ep can hydrolyze to E2 and, 
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since Ez is readily oxidized to E" which in turn can be 

hydrated to E3 [1], the proposed method must be selective 

for these analogues. 

The analyses of estrogen conjugates typically 

requires enzyme hydrolysis or solvolysis, which increases 

the time and cost of each analysis. Furthermore, 

following chemical cleavage, it is not possible to 

simultaneously measure both the conjugated and unconju­

gated species. 

Several methods exist for the determination of 

estrogens in pharmaceutical preparations [2-12]. 

However, to our knowledge, no method exists for the 

determination of Ep in the presence of E" Ez, and E3 and, 

moreover, that satisfies the USP XXII guidelines under 

Assay category I [13J. Data elements required for Assay 

category I include precision, accuracy, selectivity, 

range, linearity, and ruggedness. The method described 

herein for 17B-estradiol-3-phosphate satisfies all of 

these requirements. 

The development of this reversed-phase HPLC method 

required investigating several factors including buffer 

ionic strength, mobile phase pH, ion-pairing concentra­

tion, organic composition, and column type. 

EXPERIMENTAL 

Chemicals and Reagents 

l7B-Estradiol-3-phosphate, 

purchased from Research Plus 

disodium 

(Bayonne, 

salt, 

NJ, 

was 

USA) . 

Estrone, estriol, and l7B-estradiol were purchased from 

Sigma (St. Louis, MO, USA). HPLC grade acetonitrile, 

methanol, 1 N hydrochloric acid, and ACS reagent grade 

potassium phosphate, monobasic, monohydrate were pur­

chased from J.T. Baker (Phillipsburg, NJ, USA). Tetra­

butylammonium chloride hydrate (TBAC) was purchased from 

Aldrich (Milwaukee, WI, USA). The water was deionized 
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and distilled. 

purification. 

Apparatus 

All reagents were used without further 

The chromatographic system consisted of a Waters 

Model 600E system controller and pump, a WISP 712 

autosampler, and a 486 variable-wavelength UV detector 

set at 220 nm (Waters Associates, Milford, MA, USA). 

Columns which were investigated included a Zorbax Rx C18 

(4.6 x 250 mm, 5 ~m, MAC-MOD Analytical, Inc., Chadds 

Ford, PA, USA), a Keystone CPS Hypersil-l cyano (4.6 x 

150 mm, 3 ~m, Keystone Scientific, Inc., Bellefonte, PA, 

USA), a Keystone ODS Hypersil (4.6 x 250 mm, 5 ~m) and an 

Alltech Adsorbosphere HS C18 (4.6 x 150 mm, 3~m, Alltech 

Associates, Inc., Deerfield, IL, USA). All columns were 

maintained at ambient temperature. 

Mobile Phase 

The mobile phase consisted of buffer-acetonitrile­

methanol (35:15:50, V/V/V) adjusted to pH 3.0 (apparent) 

with IN HCI. The buffer was comprised of 10 roM potassium 

phosphate, monobasic, monohydrate and 50 roM TBAC. The 

mobile phase was filtered through a 0.45 ~m filter and 

degassed for 10 minutes and maintained under a helium 

atmosphere. The flow rate was 1.0 mL/minute with a 

typical operating pressure of ca. 93 bar. 

Data Acquisition 

The peak area of Ep was measured using a PE Nelson 

900 series interface and down-loaded to a PE Nelson 

Turbochrom II workstation (Perkin-Elmer corporation, 

Cupertino, CA, USA). The chromatographic data was 

automatically processed for peak area followed by a 

weighted (lie) linear regression analysis. 
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Preparation of 17B-Estradiol-3-Phosphate Solutions 

An Ep stock solution was prepared at 100 Mg/mL in 

water. Appropriate dilutions of the Ep stock solution 

were made with water to prepare standards ranging from 

0.1 - 100 ~g/mL. 

SYstem suitability Requirements 

The system suitability results are calculated 

according to Chromatography <621> of the USP XXII from 

typical chromatograms [14]. The instrument precision as 

determined by six successive injections of an Ep standard 

solution should provide a relative standard deviation 

(RSD) not greater than 1.0%. The tailing factor should 

not exceed 1.5 at 5% peak height. Finally, the resolu­

tion between the analyte peaks should be greater than 

1.5. 

RESULTS AND DISCUSSION 

Chromatography 

A reference solution containing Ep, E" E2, and E3 

each at a concentration of 100 Mg/mL in methanol/water 

(1:1, v/v) was used to verify that the method met all the 

suitability limits. 

To obtain the best overall chromatographic condi­

tions, the mobile phase was optimized by examining the 

effect of capacity factor (k') on mobile phase pH (Figure 

2), KH2P04 ionic strength (Figure 3), and TBAC concentra­

tion (Figure 4). By adjusting the organic composition 

from acetonitrile to methanol (Table 1), the dead time 

between E, and E2 was reduced by approximately 4 minutes, 

while having little effect on Ep and E3 • However, 

increased band broadening was observed as the amount of 

methanol increased. Therefore, a compromise between the 

ratio of acetonitrile and methanol ensued. Finally, four 

different columns were evaluated in optimizing the 

method. The Keystone CPS Hypersil-l cyano column was too 
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FIGURE 1. Typical chromatograms; 
solution and (b) blank. 

( a) reference 

polar and did not provide sufficient retention of the 

analytes. The Keystone ODS Hypersil column provided 

adequate resolving power, but, severe peak tailing 

resulted with Ep. Both the Alltech Adsorbosphere HS CIS 

and Zorbax Rx CIa columns provided sufficient system 

suitability, however, the latter provided a shorter 

chromatographic run time and, consequently, was selected 

as the column of choice. 
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FIGURE 2. 
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pH 

Effect of mobile phase pH on k': (.) E" 
(I) E2, (D) Ep and (0) E3. 

Typical chromatograms of a reference and blank 

solution are illustrated in Figure 1 using a Zorbax Rx 

C18 column and a 50 ~L injection. The retention times of 

estriol, 17B-estradiol-3-phosphate, 17B-estradiol, and 

estrone were 3.3, 4.8, 7.9, and 8.8 minutes, respec­

tively. The overall chromatographic run time was 10 

minutes. 

System suitability 

The column efficiency for Ep was 3856 theoretical 

plates. The tailing factor of Ep was 1.2. The resolu­

tion between E3 and Ep' Ep and E2, and E2 and E, was 4.4, 
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FIGURE 3. Effect of KH~04 ionic strength on k': (I) 
E" (I) E2 , (U) Ep and (0) E3 • 

7.8, and 2.0, respectively. The instrument precision, 

determined by 6 replicate injections of the Ep standard 

solution, exhibited a RSD of 0.3%. 

Precision and Accuracy 

The precision (RSD) and accuracy (relative error, 

RE) was determined by analyzing l7B-estradiol-3-phosphate 

standards ranging from 0.1 - 100 ~g/mL, in replicates of 

six (Table 2). 

Linearity 

A linear response in peak area for Ep over the range 

of 0.1 - 100 ~g/mL was observed. The correlation coeffi-
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20 40 60 80 100 

Concentration TBAC (mM) 

Effect of TBAC concentration on k': (.) E" 
(I) E2 , (D) Ep and (0) E3 • 

TABLE 1 

Effect of Mobile Phase Composition on Retention Time 

Composition (%) Retention Time (min) 
Buffer ACN MeOH E3 Ep E2 E, 

60 40 -- 3.1 4.4 8.8 14.3 
35 -- 65 3.6 5.5 9.7 10.2 
55 40 5 3.0 4.0 7.6 11.7 
35 10 55 3.3 4.8 7.9 8.9 
35 15 50 3.2 4.6 7.3 8.2 
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TABLE 2 

Accuracy and Precision of 17B-Estradiol-3-Phosphate 

Nominal Conc. n Mean Found %RSD %RE 
(!.£g/mL) Conc. (l"g/mL) 

0.10 6 0.12 8.0 20.0 
0.25 6 0.24 2.9 -4.0 
0.50 6 0.48 1.8 -4.0 
1. 00 6 1. 01 1.4 1.0 
5.00 6 4.98 0.9 -0.4 

10.00 6 10.20 1.0 2.0 
50.00 6 49.83 0.5 -0.3 
100.00 6 100.07 0.3 0.1 

cients were 0.998 or better (n=6). The limit of detec­

tion for Ep' defined as 3 times the signal-to-noise 

ratio, was 0.02 I"g/mL. 

conclusion 

The described assay for the analysis of 17B-estradi­

ol-3-phosphate in the presence of estriol, 17B-estradiol, 

and estrone is selective, sensitive, and robust. With 

exception of the limit of quantitation, the precision of 

the method is below 3.0%, while the accuracy is within 

4.0%. The method is rapid and requires no sample 

pretreatment , resulting in ca. 100 samples being analyzed 

daily. More than 1000 injections can be made on a single 

analytical column with minimal loss in chromatographic 

integrity. 

Furthermore, it is anticipated that this method 

could be used for the analysis of 17B-estradiol-3-

phosphate in pharmaceutical preparations designed for 

hormone replacement therapy. 
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ABSTRACT 

An ion chromatographic method for the determination of the residual acetate in hulk drug 
was developed. The drug was MK0476, an LTD4 antagonist. The compound also has 
a carboxyl functionality, which would interfere with the detection of the acetate ion. A 
solid phase extraction tJu'ough a Sep-Pak cartlidge was pursued for the removal of 
MK0476 from the matrix. Since the analyte does not have a cJu'omophore, a mobile 
phase containing trimesic acid facilitated its detection by indirect photometric detection. 
The separation was performed on a polymeric strong anion exchange column. The 
influence of pH, concentration of trimesic acid, and temperature were stUtiied. Chloride 
ion was found to be a contaminant that was interfering in the analysis. To improve the 
separation between chloride and acetate ions, methanol was adlled to the mobile phase, 
leading to complete separation between the two species. Recovery of the acetate ion was 
determined as 92.3%. The method was applied to real samples with good results. It was 
shown to be sensitive for the determination of less than 0.001 mg/ml of acetate with a 
linear range of 0.00036 to 0.074 mg/ml. 

* Author to whom the cOlTespondence should be addressed 
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I. INTRODUCTION 

The use of ion chromatography for the analysis of inorganic and 

organic ions has shown an exponential increase since the mid 1970's 

due to the implementation of suppressor systems [1]. Prior to this 

time, the concept of ion exchange chromatography was well known [2-

6], but its application was hindered by the lack of a good detector. 

Many ions were unsuitable for UV detection due to lack of 

chromophores, and the use of conductivity detection was rendered 

impossible due to the high background conductivity of the eluents 

used. Suppressor systems removed most of the background 

conductivity by exchanging ions such as sodium and nitrate by protons 

and hydroxide ions respectively. With the introduction of suppressor 

systems ion chromatography using conductivity detection grew rapidly 

and at present conductivity is still the most popular choice of detection 

used. 

Several alternate detection systems have been developed since the 

introduction of suppressor systems. They include direct conductivity 

detection using low conductivity eluents [7], UV detection following 

post or pre-column derivatization [8], amperometric detection [9,10], 

and indirect photometric detection [11-13]. 

Indirect photometric detection (IPO) or "vacancy detection" offers an 

alternative that is as sensitive as conductivity detection [14,15], does 

not require derivatization, and utilizes standard HPLC pumps and 

detectors. Aromatic carboxylic acids are typically used as additives to 
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the mobile phase because of their high absorptivity in the UV-Vis 

range. At a chosen wavelength where the eluent absorbs strongly and 

the analyte does not, the presence of the analyte in the detector cell 

will result in a decrease in absorbance. This decrease will be 

manifested as a negative peak.. Many inorganic and organic ions have 

been analyzed using IPD [15-18]. 

In a previous paper, our laboratory showed the effectiveness of using 

trimesic acid as an eluent for the separation of some 

organophosphonates [19]. The work described in this paper is an 

extension of the previous study dealing with the quantitation of trace 

acetate ion in the presence of the bulk drug MK0476. The compound, 

MK0476, is a molecule with a carboxyl functionality, Fig. 1. 

This drug is a potent receptor antagonist of leukotriene Dol (LTD.j) 

which is being developed as a therapeutic agent for bronchial diseases 

such as asthma [20-22]. In the penultimate step of its synthesis, 

MK0476 

Fig. 1. Structure of MK0476. 
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MK0476 is obtained as a dicyclohexyl amine (DCHA) salt. Addition 

of acetic acid to the reaction mixture produces an exchange of the 

DCHA leading to the free acid dissolved in the organic layer. An 

ethanolic solution of sodium hydroxide is added to convert the 

MK0476 free acid to the sodium salt which then precipitates out. The 

salt is subsequently washed with acetonitrile to remove residual acetic 

acid and is then analyzed for trace acetate by ion chromatography. 

II. EXPERIMENTAL 

Sample preparation. 

Ten batches of samples were prepared by weighing 100 mg of 

MK0476 sodium salt that were then introduced into 10 ml volumetric 

flasks. Five ml of deionized water were added and the volumetric 

t1ask was introduced into an ultrasonic bath and sonicated until the 

compound was completely dissolved. The tlask was then diluted to 

volume with water. Batch M035 was used for the recovery 

experiment. An aliquot was removed from this sample for sample 

treatment (as described in the next section). Then, 2 ml of 0.006 

mg/ml acetate standard was spiked into 2 ml of the sample solution. 

The solution obtained was also subjected to the same sample treatment 

as the unspiked solution. 

Sample treatment. 

To remove MK0476 from the samples, each sample was passed 
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through a Sep Pak C 18 cartridge (Waters, Marlborough, MA) that was 

previously conditioned in the following manner. First, the cartridge 

was washed with 10 ml of methanol followed by 20 ml of water 

deionized water. Then the sample solutions and the solutions spiked 

with acetate were passed through a cartridge. The first 2 m1 were then 

discarded. Twenty-five microliters of sample were injected into the 

HPLC system. 

HPLC conditions. 

An HP 1050 HPLC system equipped with an autosampler and a 

variable wavelength detector was used for the analysis of the residual 

acetate in the MK0476 sodium salt. 

The stationary phase, manufactured by Hamilton under the trade name 

PRP-X-lOO, consisted of a polymeric strong anion exchange packed 

in a 25 cm x 0.4 cm J.D. column. The column was maintained at 

constant temperature of 30°C. 

The optimal mobile phase consisted of a mixture of an aqueous 

solution of 0.5 mM trimesic acid. The pH was adjusted to 5.0 with 

U~H, and methanol at 90: 10 (v/v) ratio. 

The analyte was detected by UV at 254 nm. Due to the negative 

peaks obtained with the indirect photometric detection method the 

polarity of the detector was reversed such that the peaks were inverted 

and facile integration of the peaks was achieved. 
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III. RESULTS AND DISCUSSION 

To analyze residual acetate in MK0476 final product a strong anion 

exchange column was selected. MK0476 has a carboxylic 

functionality that can interact with the stationary phase. Under our 

chromatographic conditions MK0476 elutes as a large peak close to 

the void volume. Consequently, a solid phase extraction was 

necessary to remove the compound from the system prior to the 

chromatographic analysis. 

Acetate is an analyte that has very little absorbance in the UV -Vis 

region, and the detection of trace amounts of this analyte thus 

represents a challenge. Indirect photometric detection was chosen to 

analyze the acetate ion. The method is based on the use of a mobile 

phase that has a high absorbance at a particular wavelength; at the 

same time the analyte presents no or minimal absorbance at that same 

wavelength. Upon equilibration of the stationary phase with the 

mobile phase ions, the detector senses a strong steady absorbance. 

When the analyte ion is injected and eventually eluted from the 

stationary phase, its transparency results in a localized region of lower 

absorbance and is reflected in the detector as a negative analyte peak. 

Trimesic acid is a benzene tricarboxylic acid. It absorbs strongly at 

254 nm while acetate ion does not, and is therefore suitable for 

indirect photometric detection. Injection of a solution of acetate into 

the chromatographic system produces a negative peak. The polarity 

of the detector can be inverted to obtain a positive peak. 
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Several parameters, such as the concentration of trimesic acid in the 

mobile phase, the pH of the mobile phase, the concentration of 

methanol in the mobile phase and the temperature were varied to 

optimize the method. 

Influence of the pH of the mobile phase on the peak parameters. 

Trimesic acid is a tricarboxylic acid and consequently it has three pK 

values of 3.1,3.9 and 4.7. It is therefore expected that the net charge 

of the acid, and consequently its displacing power, will vary with the 

changes in the pH of the mobile phase. Consequently, the retention 

of acetate on the anion exchange stationary phase will be strongly 

influenced. Thus, the pH of the mobile phase was varied between 4.0 

and 6.25 as follows: 4.0, 4.25, 4.6, 5.0 and 6.25. As expected, the k' 

of the analyte is strongly affected by the pH changes. Between 4.0 

and 4.25, it is almost constant, and decreases sharply at the rest of the 

pH intervals studied (Fig. 2). 

Since the present study deals with the analysis of trace amounts of 

acetate ions, the method should be optimized such that the half peak 

width (W1/2) should be at a minimum. This optimization will insure 

lower detection limits. The influence of the pH on the Wl!2 is 

presented in Fig. 3. From this data the minimum W1I2 was obtained at 

pH 5. Therefore, in the following experiments the pH was maintained 

at this value. 

Influence of the concentration of trimesic acid. The concentration 

of the trimesic acid in the mobile phase was varied between 0.25 mM 
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and 1.5 mM as follows: 0.25, 0.5, 1.0 and 1.5 mM. The influence of 

the concentration of trimesic acid on the k' of the acetic acid is 

presented in Fig. 4. Upon increasing the trimesic acid concentration 

from 0.25 mM to 1.5 mM the k' values decreases steadily. 

The influence of the concentration on Wl/2 is presented in Fig. 5. The 

increased concentration of the additive into the mobile phase produces 

a decrease in the mass transfer of the acetate ion. This will lead to an 

increase in W I12 up to a concentration of 1 mM, decreasing after this 

concentration. 

The increase of the concentration of trimesic acid into the mobile 

phase also has a negative effect on the detection of the acetate ion. 

The results are presented in Fig. 6. From 0.25 mM to 0.5 mM an 

increase in the area counts for the acetate is observed. A further 

increase of concentration of the additive into the mobile phase 

produces a decrease in area counts. Based on these results the 

concentration of trimesic acid in the mobile phase was maintained 

constant at 0.5 mM for further optimization studies. 

Influence of the temperature. The influence of temperature on the 

k' is presented in Fig. 7. Upon increasing the temperature, an increase 

in k' is observed. Such behavior is due to a shift in the partition 

equilibrium of trimesic acid toward the mobile phase, leaving more 

sites in the stationary phase to interact with the acetate ion. Due to an 

increased interaction of the acetate ion with the stationary phase an 
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increase of W lI2 was also observed (Fig. 8). Therefore, 30 "C was 

chosen as the temperature for the subsequent experiments. 

Influence of the concentration of methanol in the mobile Dhase. 

Chloride was observed as an impurity in all the standard solutions, ·as 

well as in the samples. Its presence is due to inherent laboratory 

contamination. Special care was placed on improving the resolution 

between the acetate ion and chloride. With no organic modifier the 

two peaks were partially separated. It is known that decreasing the 

polarity of the mobile phase (by adding an organic modifier to the 

mobile phase) will lead to an increase of the ionic character of the 

stationary phase [18]. The interaction of the analyte with the 
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stationary phase will then be enhanced. Acetonitrile could not be used 

because it contains trace levels of acetic acid. Consequently, 

methanol was used as an organic modifier. An increase in the 

concentration of methanol in the mobile phase produced an increased 

resolution between the two ions (Fig. 9). Upon increasing the 

methanol concentration, a slight decrease in the retention time of 

acetate and an increase in the retention time of chloride was observed. 

The observed decline in the retention of acetate ion can be attributed 

to a slight elevation in its solubility with increasing methanol. The 

increase retention of chloride is due to an enhanced polarity of 

stationary phase relative to the mobile phase. Similar results were 

obtained by Walker et a!. [18]. 

Determination of the linear dynamic range of the detector. To 

determine the linear dynamic range of the detector, a series of 

solutions of sodium acetate in a range of concentrations varying from 

0.00036 mg/ml to 0.07416 mg/m] was prepared ar:d injected into the 

HPLC system. The results are presented in Fig. 10. A r2 of 0.9996 

was obtained, which is sufficient for the range of concentrations 

studied. The method was capable of detecting less than 0.00036 

mg/m!. 

Determination of the recovery through the Sep-Pak cartridges. An 

important step in the quantitation of the real samples of MK0476 

consists in determining whether the acetate ion is retained on the Sep­

Pak cartridge during the sample preparation process. Standard 
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solutions of acetate in increasing concentrations were prepared. Half 

of each solution was subjected to HPLC analysis without further 

treatment. The remaining solutions were passed through a Sep-Pak 

cartridge before injection into the HPLC system. A plot was 

constructed to determine the recovery. Area counts obtained from the 

HPLC analysis without filtration were plotted on the X axis, and area 

counts from the analysis with filtration through the Sep-Pak cartridge 

were plotted on the Y axis. A linear plot was obtained (Fig. 11) with 

a slope of 0.93977 and a r2 = 0.9992, suggesting that no or few acetate 

ions were retained on the cartridge. 
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Fig. 10. 
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Table 1 

Rcsulls of thc Analysis of Residual Acetate in MK0476* 

MK0476 % NaOAc %RSD 

Balch # 

M022 0.079 0.62 

M023 0.034 2.68 

M024 0.054 1.24 

M025 0.066 0.58 

M026 0.050 0.97 

M027 O.OIc) 1.74 

M029 0.020 7.66 

M033 0.074 O. 29 

M034 0.089 n.21 

M035 0.031 1.15 

*Each sample was analYLcd ill triplicate 

Results of final product batches. Several samples representing final 

product batches were analyzed for the residual acetate. The results are 

presented in Table I. To determine the int1uence of the sample matrix 

on the sample recovery during the sample treatment procedure, batch 
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M035 was spiked with 0.006 mg/ml solution acetate standard. The 

sample, the spiked sample and the 0.006 mg/ml acetate solution were 

subjected to the HPLC analysis according to the experimental section. 

A recovery of 92.3% was obtained. 

III. CONCLUSIONS 

A new method for the analysis of residual acetate was developed. The 

sample preparation provided for the removal of the final product in a 

way that did not interfere with the analysis of the residual acetate. 

The method has been demonstrated to be sensitive for the 

determination of less than 0.001 mg/ml of acetate with a linear range 

of 0.00036 to 0.074 mg/ml. 
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ABSTRACT 

A sensitive and reliable HPLC method consisting of 
a solid-phase extraction, post-column photoreaction of 
the analytes in a polyethylene tubing by UV lamp, and 
fluorimetric detection for the simultaneous determination 
of methotrexate (MTX) and 7-0H-methotrexate (7-0H-MTX) in 
plasma was developed. The linear relationships between 
the peak area and MTX (0.1 ng/ml-1000 ng/ml, r=0.9997) or 
7-0H-MTX (6.25 ng/ml-400 ng/ml, r=0.9995) concentrations 
were obtained. The average coefficients of variation for 
the intraday and interday replications were less than 11% 
and the absolute recoveries were 96.8%-101.2% for MTX and 
76.4%-86.7% for 7-0H-MTX for the calibration ranges used. 
The limit of detection for MTX in plasma was 0.05 ng/ml. 
This most sensitive HPLC method reported so far was used 
for the trace assay of plasma MTX concentrations in dogs 
following a topical application of MTX in gel. 
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INTRODUCTION 

Methotrexate (MTX) , an antifolate used for the 

treatment of several types of cancer, has frequently been 

prescribed in the therapy of rheumatoid arthritis. 

Although the complete mechanism of MTX for the treatment 

of rheumatoid arthritis is yet to be known, the actions 

of anti inflammation and immunosuppression of this drug 

have been found [1, 2]. The recommended dose of MTX for 

the patients with rheumatoid arthritis is 10 - 20 mg per 

week by oral, intravenous or intramuscular 

administration. In order to maintain an effective 

therapeutic concentration of MTX in plasma for a longer 

duration and reduce the side effects due to a dose 

dumping, a 

developed 

transdermal formulation 

in laboratory. 

of MTX is 

since the 

being 

drug 

concentrations 

our 

in plasma following transdermal 

application were expected to be much lower than that 

following oral administration due to the barrier effect 

of the stratum corneum, a sensitive analytical method 

which allows the quantitation of the drug concentration 

in plasma down to 10~1 g/ml was needed to evaluate the 

bioavailability and pharmacokinetic profiles of the 

transdermal formulation in the body. Various methods have 

described the determination of MTX in biological fluids 

which include an enzyme multiplied immunoassay [3], 

fluorescence polarization immunoassay [4], 

radioimmunoassay [5,6], capillary zone electrophoresis 
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[7J and HPLC [8-20). In terms of high degree of 

specificity and sensitivity, HPLC provides a powerful 

technique for monitoring the drug concentration in 

biological samples. HPLC methods with UV [8-10J, 

fluorescence [11-13] and electrochemical detection [14-

16] have been reported for this compound, and various 

procedures for sample treatment such as protein 

precipitation with TCA or PCA (17), liquid extraction 

(18) and solid extraction [18-20) were used. Salamoun et 

al. [12] first reported the use of a PTFE capillary 

tubing for the post-column photodecomposition of MTX. 

Nuernberg et al. [19] described a HPLC method using a 

solid-phase extraction procedure and UV detection for MTX 

and its metabolites in biological samples. Another 

recently developed HPLC method using solid-phase 

extraction and a similar post-column photoreaction 

procedure with fluorescence measurement offered the 

detection limit down to 0.095 ng/ml [20). Based on the 

work of these previous authors [12,19,20], we were able 

to improve the method with respect to the sensitivity and 

photoreaction procedures. In this paper, a very sensitive 

and reliable HPLC method for the quantitation of MTX and 

7-0H-MTX consisting of a solid-phase extraction and 

fluorimetric detection following post-column 

photochemical degradation of the parent compounds by UV 

irradiation in a polyethylene tubing is presented. 
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EXPERIMENTAL 

Chemicals 

MTX (obtained from American Cyanamid Company, Pearl 

River, NY) and 7-0H-MTX (kindly provided by Dr. David 

Johns of the National Cancer Institute, Rockville, MD) 

were used as received. HPLC-grade acetonitrile and 

methanol and all the other analytical-grade chemicals 

used were purchased from commercial sources. The water 

was treated with a Millipore water purification system. 

Bond-Elut cartridges (100 mg) were obtained from Varian 

Analytical supplies Company (Harbor City, CAl. 

Solid-phase extraction 

Each Bond-Elut cartridge was conditioned by washing 

with 1 ml of methanol first and with 1.5 ml of phosphate 

buffer (0.05 M, pH 2.7) before the application of sample. 

One ml of plasma (spiked or dosed) samples was mixed with 

an equal volume of a phosphate buffer (0.05 M, pH 6.5), 

and applied to the cartridge. The flow rate was 

maintained approximately at 2 ml/min by a mild vacuum. 

The cartridge was washed sequentially with 2 ml of 

phosphate buffer (0.05 M, pH 2.7), 1 ml of sodium 

hydroxide (0.1 M) and 1 ml of the phosphate buffer. The 

adsorbed compounds were eluted with 1.5 ml of methanol. 

The eluate was evaporated to dryness under nitrogen at an 

ambient temperature. The residue was dissolved with 0.2 

ml of the mobile phase and 0.1 ml of the aliquot was 

injected onto the column. 
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Apparatus 

An Altex Model 110A pump, equipped with a Rheodyne 

7125 injector and a reversed-phase column (Novapak CIS' 

5Mm, 150 x 3.9 mm 1.0., Phenomenex, Rancho Palos Verdes, 

CAl, a guard column (CIS' spherisorb, 30 Mm, 30 x 3.2 mm 

1.0.), a spectroline pencil UV lamp (254 nm) inserted in 

a polyethylene tubing coil (PE-20, 1.0. 0.38 mm, 0.0. 

1.09 mm, length 3 m) which was connected between the 

column and the monitor for the photodecomposition of MTX 

and 7-0H-MTX, a Shimadzu RF-530 fluorimetric monitor and 

a Shimadzu C-R 3A integrator (Shimadzu Co. Tokyo, Japan) 

were used. 

Chromatographic conditions 

The mobile phase consisted of a 0.014 M of 

phosphate buffer (pH 6.5) containing 4% of N,N-

dimethyl formam ide , 3.3% of acetonitrile and 0.5% of 3% 

hydrogen peroxide. The operation was conducted at ambient 

temperature and the flow rate was 1 ml/min. The 

fluorescence excitation and emission wavelengths were set 

at 350 nm and 465 nm, respectively. 

Quantitation 

The calibration curves for MTX and 7-0H-MTX in 

plasma were constructed daily by spiking blank plasma 

samples with known amounts of the compounds. The MTX and 

7-0H-MTX concentrations in the plasma samples were 

obtained by comparison of the peak area of the sample 

chromatogram with the calibration plots. 
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RESULTS 

Chromatogram 

The typical chromatographic profiles of MTX and 7-

OH-MTX in human and dog plasma were 

Using the solid-extraction method, 

without any interfering peaks were 

shown in Fig 1. 

clean baselines 

obtained. The 

retention times of MTX and 7-0H-MTX were 4.0 and 5.5 min, 

respecti vely. A chromatogram of a blank human plasma 

sample spiked with 0.1 ng/ml of MTX was shown in Fig 1 

(C) . 

Linearity and limit of detection 

As shown in Fig 2 and Fig 3, the responses to MTX 

and 7-0H-MTX concentrations in the human plasma were 

highly linear over the range of 0.1 1000 ng/ml 

(r=0.9997, n=7) and 6.25 - 400 ng/ml (r=0.9995, n=6) for 

MTX and 7-0H-MTX, respectively. The similar linearity was 

also obtained in the dog plama. The limit of detection 

which is the smallest concentration that can be 

distinguished from the blank (the ratio of 

signal/baseline noise = 3) was 0.05 ng/ml of plasma for 

MTX and 2 ng/ml for 7-0H-MTX when 1 ml of plasma sample 

was used. The CV for the quantitaton of 0.1 ng/ml of MTX 

in plasma was 17.3% (n=3). 

Recovery and precision 

The absolute recoveries from plasma were found to 

be 96.8% - 101.2% for MTX over the range of 1 ng/ml to 

100 ng/ml and 76.4% - 86.7% for 7-0H-MTX over the range 
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Figure 1. Chromatograms of MTX and 7-0H-MTX in human and dog plasma. A: blank 
human plasma; B: human plasma containing 10 nglml of MTX and 20 nglml of 7-0H-MTX; 
C: human plasma containing 0.1 nglml of MTX; D: blank dog plasma; E: dog plasma 
containing 1 nglml of MTX. 

of 10 ng!ml to 100 ng!ml, as shown in Table 1. 

The variation of intraday and interday assays for 

the determination of MTX and 7-0H-MTX were shown in Table 

2. The CV's for the assays were 3.9% - 8.9% for MTX in 

the range of 1 ng!ml - 200 ng!ml and 5.6% - 10.8% for 7-

OH-MTX in the range of 20 ng/ml - 200 ng!ml. The average 
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Figure 2. Standard CUIVe for MTX in human plasma. Each point is the mean of duplicate 
samples. (r=O.9997) 
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Figure 3. Standard CUIVe for 7-0H-MTX in human plasma. Each point is the mean of 
duplicate samples. (r=O.9995) 
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TABLE 1. Recoveries of MTX and 7-0H-MTX (mean ± SD) 

MTX 7-0H-MTX 

Conc. Recovery n Conc. Recovery n 
(ng/mll (%1 (ng/mll (%1 

1 97.2 ± 8.1 6 

10 101.2±9.1 6 20 76.4 ± 4.3 6 

100 96.8 ± 3.9 6 200 86.7 ± 9.4 6 

TABLE 2. Precision of the Assay for MTX and 7 -OH-MTX 

conc. (ng/mll n CV (%) 

Intraday MTX 1 6 8.3 

10 6 8.9 

100 6 3.9 

7-0H-MTX 20 6 5.6 

200 6 10.8 

Interday MTX 10 9 7.1 

7-0H-MTX 25 5 5.5 

CVs for the determination of interday assays were 7.1% 

for MTX and 5.5% for 7-0H-MTX. 

Effects of coil material on photoreaction 

Three coils which were made with teflon (I.D. 0.88 

mm, 0.0. 1.75 mm, length 1 ml, quartz (1.0. 1 mm, 0.0. 

2.5 mm, length 0.9 m) and polyethylene(I.D. 0.86 mm, 0.0. 

1.27 mm, length 1 m) were used to compare the efficiency 

of the photochemical reaction of MTX. The chromatogram 

with the coils made by different materials were shown in 

Fig 4. The coil made by polyethylene tubing was shown to 
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Figure 4. Chromatograms of MTX (50 ng/ml) with different coils used for the photochemical 
reaction. A: polyethylene tubing; B: quartz tubing; C: teflon tubing. 

be the most suitable photoreaction device among the three 

coils tested. It was also found that the sharper 

chromatographic peaks for MTX and 7-0H-MTX were observed 

when a coil made by a thinner polyethylene tubing (PE-20 

tubing, I.D. 0.38 mm, O.D. 1.09 mm) was used. 

The effect of the length of PE-20 tubing on the 

photoreaction of these compounds was investigated. The 

relative peak areas (n=2) after injection of 50 /-,1 of MTX 

(20 ng/ml) onto the column were 6981, 17239 and 13945 for 

the coils of the different length of 2 m, 3 m and 4 m, 

respectively. Thus the PE-20 coil with the length of 3 m 

was chosen for the assay of the compounds throughout this 

study. 
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Selection of the fluorescence excitation and emission 

maxima 

The excitation wavelengths from 330 nm to 370 nm 

were tried for the comparison of the fluorescence 

intensity of the MTX products. The highest response was 

observed at 350 nm which was the same as the excitation 

wavelength used by Beck et al.[20]. 

The variation of the peak area of the photodegraded 

MTX with different emission wavelength used was shown in 

Fig 5. The maximum peak area was observed at 465 nm which 

was different from 436 nm used by Beck et al.[20]. 

Application 

Four beagle dogs ( 10-14 kg) were used for the 

bioavalability study of a transdermal gel formulation of 

MTX. The hair on the two right legs were carefully 

shaved and the 8% of MTX gel (2.5 mg/kg) was applied on 

the joints (100 cm2 ). The blood samples were obtained at 

0.5, I, 2, 4, 8, 12, 24, 36, 48 and 72 hr after the 

application and analyzed by the present method. The 

lowest concentration which was quantitated by this method 

was 1 ng /ml of MTX and one of the chromatograms was 

shown in Fig 1 (E). The steady state concentration of 47 

ng/ml was reached at 4 hr after the dosing and maintained 

for about 30 hrs. The plasma profile was shown in Fig 6. 

The 7-0H-MTX concentration was undetectable in these 

plasma samples. 
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Figure 5. The effect of emission wavelength on the relative peak area of MTX (10 ng/ml). 

Figure 6. Plasma level versus time profiles of MTX in a dog after an i.v. injection and a 
topical application with 3 g of gel containing 25 MTX. 
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DISCUSSION 

Various procedures for the sample preparation were 

tested. Plasma deproteinization with acetonitrile, 

trichloroacetic acid or perchloric acid provided a simple 

and fast preparation of samples, but resulted in a low 

recovery of the compounds and interfering peaks in the 

chromatogram, especially at the lower concentration range 

used. The solid-phase extraction method was more 

effective not only in terms of removing the interfering 

peaks but also with respect to the specificity and 

sensitivity of the assay. The results observed in this 

study were generally in agreement with those reported in 

the literature [17,19,20]. As compared to the solid-phase 

extraction reported by Nuernberg et al.[19], the current 

method used a smaller Bond-Elut cartridge (100 mg) which 

required smaller volumes of the liquids for extraction, 

and therefore a shorter sample preparation time. In 

addition to the reduced expenses for the cartridges and 

solvents used, excellent linear relationships between the 

analyte concentrations and peak areas over a wide range 

of concentration were obtained. 

The major photodegradation product of MTX which 

shows an intense fluorescence was reported to be 2,4-

diaminopteridine-6-carboxaldehyde [12]. The post-column 

photodecomposition of MTX and 7-0H-MTX to the fluorescent 

products was achieved by the UV irradiation of the 

samples in the polyethylene tubing coiled around the UV 
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lamp which was connected between the analytical column 

and the detector. The effect of the tubing materials on 

the photoreaction of the compounds was examined and the 

efficiency of photodegradation among the polyethylene, 

teflon and quartz tubing was shown in Fig 4. The smallest 

peak was observed when the teflon tubing was used which 

was probably due to a limited penetration of the UV light 

through the walls of teflon tubing. When the quartz 

tubing was used for the photoreaction, the fluorescence 

response of the MTX product was only a one-third of that 

of the polyethylene tubing. The high fluorescence 

intensity observed for the MTX degradation with the 

polyethylene tubing indicated that not only the UV light 

sufficintly penetrated through the walls of polyethylene 

tubing, but also effectively induced the photochemical 

reaction of the analytes in the coil. The efficiency of 

the polyethylene coil for the photoreaction appeared to 

remain unaffected during 250 hr of use. The peak heights 

for 50 ~l sample of MTX (50 ngjml) were 2.32 ± 0.2 cm for 

the new coil and 2.45 ± 0.18 cm for the old coil which 

was used for about 250 hr. Although either the 

polyethylene or quartz tubing could be used for the post­

column photoreaction of MTX and 7-0H-MTX, the former was 

chosen because of its availability, low cost and easy 

handling. 

The maximum fluorescence intensity of MTX was 

obtained at the excitation wavelength of 350 nm and the 
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emission wavelength of 465 nm [20 l. At this emission 

wavelength, it was found that nearly 40% increase in the 

fluorescence response was observed as compared to the 

emission wavelength of 435 nm previously used. A 

chromatogram of a plasma sample containing 0.1 ng/ml of 

MTX was shown in Fig 1 (c). A small but sharp and 

symmetrical peak for the MTX degradation product was 

observed at this low concentration. Using this method we 

have determined the bioavailability of the MTX 

transdermal gel applied in dogs, which was approximately 

12% of the dose applied for the first 72 hrs. Fig 6 shows 

the plasma level versus time profiles of MTX for the i.v. 

and transdermal gel formulation. 

In conclusion, a very sensitive, reliable and 

economical HPLC method for the determination of MTX in 

plasma using a solid-phase extraction, post-column 

photoreaction of the analytes in a polyethylene tubing by 

UV irradiation, and fluorimetric detection was presented. 

Both MTX and its main metabolite, 7-0H-MTX, were 

quantitated simultaneously with high accuracy and 

precision. The method was used for the analyses of MTX in 

the dosed plasma samples of dogs. 
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ABSTRACT 
The concentration of free fucose in urine has been shown to be elevated in adults 
with malignancy, Current analytical methods include enzymatic analysis and high 
pressure liquid chromatography (HPLC) with fluorescence detection, We describe 
a simple HPLC method using anion exchange chromatography with pulsed 
electrochemical detection for the determination of free fucose in urine of children 
with malignancy, Separation of sugars is achieved within 7 minutes, The method 
is linear to 200 jtmolll fucose with a detection limit ofO,5 jtmolll in urine, Mean 
recovery was 96,6 % ± 11,8%, Precision was good with coefficient of variation 
(CV) of 4.3% (25 jtmolll), 3,7% (50 jtmolll) and 4,9% (100 jtmolJl), The 
median fucose: creatinine ratio in healthy children was 13.6 jtmol / mmol (5,5 -
1285), Children with malignancy had a median fucose: creatinine ratio of 8.1 
jtmol / mmol (2.6 - 66.4) which was significantly lower than the control subjects 
(p=0,038) The method enables rapid determination of free fucose in urine with 
minimal sample preparation and without the need for derivatization. Urine free 
fucose was lower in children with malignancy than in their age-matched controls 
and requires further investigation. 
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INTRODUCTION 

L-fucose is a monosaccharide found at the non-reducing end of 

oligosaccharides on glycoproteins and is important in their function. It has 

been reported that plasma and urinary free fucose concentrations are elevated 

in patients with diabetes mellitus, cystic fibrosis and a variety of malignancies 

[1-6]. Increased excretion of fucose has been demonstrated in a wide range of 

cancers including liver, pancreatic, breast and oesophagus [5,6]. 

Analytical methods used for the assay of fucose include enzymatic [4,5] and 

high pressure liquid chromatography [6]. The HPLC method of Suzuki et. al. 

[6] employs fluorescence detection with the derivatization of fucose with 

2-aminopyridine. This requires time-consuming sample preparation coupled with 

an elution time of 100 minutes for each sample. 

The use of anion exchange chromatography together with pulsed electrochemical 

detection [7] allows the sensitive estimation of sugars within biological matrices 

without the need for extensive sample preparation or derivatization [8]. 

It has been postulated that elevated urinary fucose excretion may provide a 

suitable marker for some forms of cancer. We have applied this technique to 

investigate the concentration of urinary free fucose in children with malignancy, 

a group not previously studied. 

MATERIALS 

Fucose,3-0-methyl glucose, mannitol, dulcitol, arabinose and a-methyl 

glucose were obtained from Sigma Chemical Co. (Poole, UK.) Sodium hydroxide 

(500gll), Amberlite IR 120 H+ and IRA 400 cr were obtained from BDH. 

(poole, UK.) Deionized water (l8Mohm cm-I
) was prepared by an in-house 

deionizer (Millipore, MA, USA). 
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Equipment 

High pressure liquid chromatography equipment was composed of a 

quaternary gradient pump, Carbopac PAl 40mm x 250 mm anion exchange 

column with associated guard column, and pulsed electrochemical detector all 

supplied by Dionex UK Ltd. (Camberley, UK). Signal recording was provided 

by a Dionex 4100 integrator. 

Subjects 

Samples of urine from 35 healthy subjects (21 female, 14 male) age range 

1-17 years and 22 cancer patients (7 female, 15 male) age range 4-21 years, 

were obtained. All samples were taken fasting and stored at -20°C prior to 

analysis. Ethical permission was granted for the study by the local hospital 

ethical committee. 

METHODS 

Sample preparation 

Samples of urine were diluted 1 in 10 with deionized water to a total 

volume of ImL One miIIilitre of the internal standard, 3-0-methyl glucose (100 

p.mol/l) was added. The mixture was desalted with mixed ion-exchange resin 

(IR 120 H+ and IRA 400 cr in a mass ratio I: 1.5). After de-salting the mixture 

was centrifuged and 25 p.l of supernatant was injected onto the chromatographic 

system. 

HPLC analysis 

Samples were eluted with 50mM NaOH at 1 mI fmin at 20°C, with an 

analysis time of 7 minutes. Following this the column was washed with 1M 

NaOH for 5 min, to ensure stability of retention times, and then was re-equilibrated 
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for a further 8 min in 50mM NaOH. The total time between injection of samples 

was 20 minutes. (Figure 1.) 

Detection was by integrated amperometry using a gold working electrode with 

a Agi Ag CI reference electrode. The following potentials were utilised: detection 

potential +0.1 V (0-0.5s) : oxidation potential +0.75V (0.5-0.65s) : reduction 

potential -0.75V (0.65-0.75s) with an integration period of 0.05-0.5s. 

Quantification was by peak height analysis with internal standardisation. 

Creatinine estimation 

Creatinine concentration in the undiluted urine samples was measured by 

alkaline picrate method as adapted for an automated discrete analyser. (Hitachi 

717). 

RESULTS 

Complete resolution from other closely related monosaccharides and sugar 

alcohols was achieved using 50mM NaOH as eluent in an isocratic mode. 

(Figure 1) 

A range of standards in deionized water was analysed from 7.8 I-'mol/l to 

Immol/l, with internal standardisation. The method was found to be linear to 

200 I-'molll fucose. The detection limit of the assay in urine was 0.5 I-'moill. 

Analytical Recovery 

To assess recovery three urine samples from control subjects were assayed 

ten times to determine the endogenous fucose concentration. Each neat urine 

was diluted 1: 5 with deionized water and a known concentration of fucose 

added at three levels (100, 50 and 25 I-'molll) to each urine. The 'spiked' 

samples were analysed as previously described and the measured concentration 
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I p.C 

Omin 3min 5min 8min 

Figure 1. Chromatogram from a child with malignancy. Fucose =3.81 mins. 

3-0 methylglucose (internal standard) = 5.60 mins. Full scale deflection = Ip.C 
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Table 1. 

Analytical Recovery of Fucose in Urine. 

Sample Amount Added 

Basal Concentration 
1. 4.2 ,umolJ 25,umo1JI 

2. 16.5 ,umolll 

3. 4.8 ,umolll 

50/Lmolll 

100/Lmolll 

25/Lmolll 

50,umolll 

25 p.molll 

50 p.molll 

100/Lmoln 

Total (fLmolll) 

24.8 

39.0 

99.0 

41.5 

69.8 

109.5 

31.0 

58.6 

113.2 

Overall mean recovery: 96.6%..± 11.8% (sd) 

% Recovery 

85% 

72% 

95% 

100% 

105% 

94% 

104% 

107% 

108% 

was compared to the theoretical value and the percentage recovery calculated. 

The results are summarised in table 1. 

Precision 

Imprecision of the assay was assessed by repeatedly analysing samples of 

known fucose concentration at three separate levels and the results are summarised 

in Table 2. The overall coefficient of variation did not exceed 5% at any 

concentration and was considered acceptable for this type of assay. 

Measurement of Fucose in Urine 

Fucose was measured in urine of 35 healthy children by the methods 

described previously. Fucose concentrations were corrected for creatinine 



FREE FUCOSE IN URINE 179 

Table 2. 

Estimate of Imprecision of fucose measurement in urine 

Mean Fucose Standard Deviation CV% 

29.9J.Lmolll 1.3 4.3% 

62.9 J.Lmol/l 2.4 3.7% 

85.1 J.LJ.L0M 4.2 4.9% 

concentration within each sample to yield a fucose : creatinine ratio for each 

child. Fucose: creatinine ratios ranged from 5.5 ,umol/mmol to 128.5 ,umol I 

mmol with a median ratio of 13.6 ,umol/mmol. Forty nine samples analysed 

from 21 children with malignancy (7 female, 14 male) showed a median fucose 

: creatinine ratio of 8.1 ,umol/mmol. (range 2.8 to 66.4 ,umol/mmol) This was 

significantly lower than in the control group (p= 0.038 Mann Whitney U Test). 

Creatinine concentrations in urine did not differ significantly between the two 

groups, and thus the drop in the ratio could be attributed to the fall in the 

fucose concentration in the subjects with malignancy. 

DISCUSSION 

In a previous study by Suzuki et a1 [6] urinary free fucose concentrations 

were found to be elevated in adults with various types of malignancy. Both 

enzymatic and HPLC methods for the determination of free fucose in urine 

have been described [4-6]. The method described in this paper utilises the 

potential of anion exchange chromatography coupled with pulsed amperometric 

detection. Separation from other compounds in urine is achieved within a short 

analysis time, and thus many samples can be analysed within one working day. 

Sample preparation is simple and requires no extensive purification procedures. 
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The use of pulsed amperometric detection allows for sensitive and specific 

detection of fucose without the need to resort to fluorescene derivatization. 

Urinary free fucose concentrations in children were found to be lower in subjects 

with malignancy when compared to healthy controls. This is in contrast to the 

findings in adults [6]. Little is known about the course of metabolic events 

during malignancy, particularly in relation to glycoproteins, however there is 

little to suggest that metabolism should differ so markedly between adults and 

children. 

The method described here allows rapid, sensitive and specific measurement 

of free fucose in urine and will allow the further investigation of both children 

and adults with malignancy. 
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ABSTRACT 

High-speed countercurrent chromatography (HSCCC) was 
used for the separation of 25-hydroxycholecalciferol (25-
HCC) from a post-irradiation mixture of cholesta-5,7-
diene-3B,25-diol. with a two-phase solvent system 
composed of hexane/ethyl acetate/methanol/water (5: 1: 5: 1, 
v/v/v/v), 500 mg of reaction mixture containing 245 mg of 
25-HCC was separated with 207 mg of the product obtained 
at a purity of 97.7%. The separation was completed 
within 2 hours. 
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INTRODUCTION 

25-Hydroxycho1eca1cifero1 (25-HCC) is a major 

circulating metabolite of vitamin D3 . This metabolite 

was shown to be more potent than vitamin D3 itself for 

curing rickets and is able to stimulate calcium transport 

faster than a similar amount of vitamin D3 (1). The 

conventional method of synthesizing 25-HCC utilizes 

radiation of cho1esta-5,7-diene-3B,25-dio1 (Fig. 1), 

followed by purification of the products by silicic acid 

column chromatography (2-4). However, we found this 

technique results in considerable loss of the product on 

the silicic acid column. In order to alleviate this 

problem, we used high-speed countercurrent chromatography 

(HSCCC) because it eliminates a sample loss from this 

source (5). 

EXPERIMENTAL 

Apparatus 

HSCCC experiments were performed using a coil planet 

centrifuge equipped with a multilayer coil separation 

column that was designed and fabricated at the Beijing 

Institute of New Technology Application, Beijing, P. R. 

China. The multilayer coil was prepared by winding a 

1.6mm ID PTFE (polytetraf1uoroethylene) tube coaxially 
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Figure 1. Irradiation reaction of cholesta-5,7-diene-
3B,25-diol. Compound 1: cholesta-5,7-diene-
3B,25-dioli compound 2: 25-
hydroxycholecalciferol (25-HCC)i Compound 3: 
25-hydroxyprecholecalciferol. 

onto the column holder hub. The total column capacity 

measured 230 ml. The HSCCC centrifuge was rotated at 800 

rpm with an 8cm revolution radius. The system was 

equipped with an FMI pump (Zhejiang Instrument Factory, 

Hangzhou, P.R. China), a variable wave-length UV detector 

(UV-752, Shanghai Analytical Instrument Factory, 

Shanghai, P.R. China), a recorder and a sample injection 

valve. 

Reagents 

All organic solvents were of analytical grade and 

purchased from Shanghai Chemical Factory, Shanghai, P.R. 

China. Cholesta-5,7-diene-3B,25-diol and standard 25-

hydroxycholecalciferol (25-HCC) were gifts of Hangzhou 

Mingsheng Medicine Factory, Hangzhou, P.R. China. 
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Irradiation of Cholesta-5,7-diene-3B,25-diol 

In each treatment, 1000 mg of cholesta-5,7-diene-

3B,25-diol dissolved in 1L of diethyl ether was 

irradiated in a double-walled, water-cooled jacketed 

quartz immersion well. A high-pressure quartz mercury 

vapor lamp, Model 1000 (Yixin optics Instrument Factory, 

Yixin, P.R. China), was lit 1 minute before placing the 

solution in the immersion well. During 1.5 h of 

irradiation the ether was constantly flushed and stirred 

with nitrogen. The reaction solution was then evaporated 

to dryness in a rotary evaporator at room temperature. 

HSCCC Procedure 

The HSCCC experiment was performed with a two-phase 

solvent system composed of hexane/ethyl acetate/methanol/ 

water (5:1:5:1, v/v/v/v). The solvent mixture was 

thoroughly equilibrated in a separatory funnel at room 

temperature and the two phases separated shortly before 

use. In each separation, the multilayer coil column was 

first entirely filled with the upper stationary phase. 

Then the lower mobile phase was pumped into the inlet of 

the column at a flow rate of 2.0 ml/min, while the 

apparatus was rotated at 800 rpm. After the mobile phase 

front emerged and the two phases had established 



25-HYDROXYCHOLECALCIFEROL 185 

hydrodynamic equilibrium in the column, the sample 

solution, containing 500 mg of the reaction mixture in 10 

ml of the mobile phase, was injected through the 

injection valve. The effluent from the outlet of the 

column was continuously monitored with a UV detector at 

280 nm and the fractions collected (Fig. 3). 

HPLC Analysis 

HPLC analysis of the reaction mixture and CCC 

fractions were performed with Waters HPLC equipment 

(Waters Associates/Millipore Chromatography Co., Milford, 

MA, USA) consisting of a Model 510 pump, a Model 717 

auto-injector, a Model 996 PDA detector and a Millennium 

2010 data processor. HPLC separations were performed on 

a J,L-Bondapak C18 column, 0.46 x 25 cm ID. (Waters 

Associates) . The mobile phase, composed of methanol-

water (90:10, v/v), was isocratically eluted at 1 ml/min 

and the effluent was monitored at 280 nm. 

RESULTS AND DISCUSSION 

HPLC analysis of the post-radiation reaction mixture 

(Fig. 2) shows five major components three of which are: 

25-HCC (R.T.: 7.08 min) (49.0% of the total), cholesta-
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Figure 2. HPLC analysis of the reaction mixture. 
Retention time: cholesta-5,7-diene-3B,25-
diol (Compound 1): 5.57 min; 25-HCC (Compound 
2): 7.08 min; and 25-hydroxyprecholecalciferol 
(Compound 3): 9.12 min. 

5,7-diene-3B,25-diol (R.T. : 5.57 min) and 25-

hydroxyprecholecalciferol (R.T.: 9.12 min). The HSCCC 

separation of the reaction mixture is shown in Fig. 3. 

A 500mg amount of the sample was separated into peaks A, 

Band C in a relatively short elution time of 110 min. 

The fractions corresponding to peak B contained 25-HCC as 

confirmed by the HPLC analysis with the standard sample. 

Peak B fractions were combined, dehydrated by MgS04 , and 

evaporated to dryness in rotatory evaporator. The 25-HCC 

present in the residue was extracted with dichloromethane 

which was in turn evaporated in vacuum. This yielded a 

net amount of 204 mg of 25-HCC of 97.7% purity as 

determined by HPLC analysis. 

Separation of the reaction mixture by silicic acid 

column chromatography performed according to the method 

described in refs. 2-4 resulted in 148mg of the product 
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TIME (min) 

Figure 3. HSCCC separation of the reaction mixture. 
Peak B corresponds to 25-HCC (Compound 2) and 
peak C to 25-hydroxyprecholecalciferol 
(Compound 3). 

and the purity of the product was 90-94 % as determined 

by HPLC. This necessitated recrystallization of the 

products with additional sample loss to raise the purity 

to the 97%, requirement of the Federal Drugs 

Administration of P. R. China. In the present HSCCC 

method, the loss of the product is no more than 17.5% of 

the total (HPLC) while purity of the product was over 

97%. 

We believe that pharmacy-scale production can be 

realized by the use of multiple sets of HSCCC 

instruments, since an adult daily dose of 25-HCC is only 

20 micrograms (6). 
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ABSTRACT 

Histamine was separated from its precursor L-histidine and its metabolites I-methyIhista­

mine and methylimidazole acetic acid on a TSK SP-5 PW cation exchange column and 

gradient elution. A baseline separation of histamine, I-methylhistamine and methylimida­

zole acetic acid was also achieved under isocratic elution conditions on a reversed phase 

C8 column with a mobile phase of 15 % methanol and 85 % of an aqueous solution of 

0.05 M NaH2P04 pH 3.1 which contained 0.5 mM EDTA-Na4 and 0.005 M octan-I­

sulfonic acid sodium salt as an ion paring reagent. The most sensitive UV detection of 

histamine and I-methylhistamine with the highest detector signal was obtained at a 

wavelength of210 urn. In the absence of the ion pairing reagent and the organic modifier 

methanol, histamine and I-methyIhistamine were not retained on a reversed phase C 18, Cg 

or C4 column. Octadecasilyl-silica cartridges were used to purifY histamine from other 

constituents present in human urine and a commercially available heparin formulation. 

The analytical recovery of 3H-labeled histamine after the purification on octadecasilyl­

silica cartridges was 95.16 ± 0.92 % (mean ± SEM, n=22). The concentration of the 

'Correspondence to (current address): Klaus Hermann Ph.D., Sanofi Diagnostics Pasteur, 1000 Lake 
Hazeltine Drive, Chaska, MN 555318, USA. Tel: (612) 368-7616; Fax: (612) 368-1397. 
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histamine-like material in urine samples from healthy volunteers was 46.28 ± 15.42 Ilgl24h 

(mean ± SEM; n=7). In the heparin formulation the histamine concentrations were 81. 93 

nglml before and 279.24 nglml after the purification on octadecasilyl-silca cartridges. The 

histamine-immunoreactive material in urine samples could be characterized on a TSK SP-5 

PW cation exchange column as 19.69 ± 7.86 % histamine and 46.74 ± 12.89 % 1-

methylhistamine (mean ± SEM, n=7). Rechromatography of the I-methylhistamine peak 

from the ion exchange column on the reversed phase C8 column disclosed a substance of 

unknown nature with a different retention time than I-methylhistamine. Histamine puri­

fied from heparin eluted from the ion exchange column as a single peak with the same re­

tention time as the histamine standard. 

INTRODUCTION 

The biogenic amine histamine (H) is predominantly found in mast cells and basophil 

leukocytes. Besides its numerous biological effects on blood vessels, the heart, the 

bronchial tract and the stomach, H is an important mediator of immediate type 

hypersensitivity and a marker for allergic reactions (1-4). The determination of histamine 

in blood, serum, urine or cell cultures as a diagnostic parameter is therefore not only of 

scientific interest but also of significance for the routine allergy practice. Numerous 

analytical procedures such as radioenzymatic (5), photometric (6) or gas chroma­

tographic-mass spectrometric assays (7) have been developed for the qualitative and 

quantitative measurement of H in plasma, urine and cerebrospinal fluid. These ap­

proaches are either tedious or require expensive equipment and specially trained personal. 

Likewise, radioimmunoassays (RIA) have been introduced to determine H in urine, whole 

blood and cell supernatants after in-vitro H-release (8-10). Although the radioim­

munological determination possess high sensitivity and specificity, crossreactions with H­

metabolites, the H-precursor or other components may occur. Therefore, other proce­

dures such as HPLC are needed for the accurate evaluation of the radioimmunological 

data. 

In this study we report the use of HPLC to separate H from its precursor L-histidine and 

its metabolites l-methylhistamine (MH) and methylimidazole acetic acid (MJAA) using ion 

exchange and reversed phase paired ion chromatography. The influence of CIS, Cs and 

C4 reversed phase columns and penta-l- and octan-1-sulfonic acid as ion pairing reagents 

upon the resolution of H from MH and the effect of different wavelengths on the detector 

signal was investigated. Octadecasilyl-silica gel (ODS) cartridges were used to purify H in 

urine and heparin. HPLC in combination with a specific radioimmunoassay (RIA) for H 

was applied to measure and characterize H in partially purified human urine samples and a 

commercially available heparin formulation. 
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EXPERIMENTAL 

High performance liquid chromatography (HPLC) 

An ERC HPLC equipment model ABEO 88 (ERC, Alteglofsheim, FRG) was used. All 

separations were performed at room temperature. The mobile phases were passed 

through aRC 55 membrane filter (Schleicher and Schull, Dassel, FRG) prior to use. 

Jon exchange chromatography 

Ion exchange chromatography was carried out on a cation exchange TSK SP-5 PW 

column (75 x 7.5 mm, TasoHass, Stuttgart, FRG) with gradient elution. The mobile 

phases were solution A: HPLC water and solution B: 0.5 M NaH2P04 solution in HPLC 

water, adjusted to pH 5.0 with concentrated phosphoric acid. Initially, 10 % of solution B 

corresponding to 0.05 M was delivered for 9 min followed by an exponential increase in 

solution B to 60 % corresponding to 0.325 M for 16 min. At 25 min the column was 

flushed isocratically with 60 % of solution B. The column was equilibrated under the 

initial conditions for 20 min. The separations were carried out at a flow rate of 0.6 

mVmin. The column was calibrated with H, MH, L-histidine and MIAA using UV detec­

tion at 210 nm and a sensitivity of 0.1 absorbance units full scale (AUFS). 

Paired ion chromatography 

Paired ion chromatography was conducted on a reversed phase CI8, C8 or C4 column 

(Nucleosil C18, Cg, C4, 300 A ,7 1lDl, 250 x 4 mm, Macherey and Nagel, DUren, FRG). 

The column was developed isocratically at a flow rate of 1.0 mVmin. The mobile phase 

was 15 % methanol and 85 % of an aqueous solution of 0.05 M NaH2P04 pH 3.1 which 

contained 0.5 mM EDTA-Na4 and 0.005 M pentan-l-sulfonic acid or octan-l-sulfonic 

acid sodium salt. The column was calibrated with MJAA, L-histidin, H and MH using UV 

detection at 205, 210, 215, 225 and 254 nm and a sensitivity of 0.1 AUFS. 

The standard substances were dissolved in 0.01 N HCI to yield a concentration of 1 

mg/ml. For all separations the injection volume of each standard was 1-2 III correspond­

ing to 1-2 Ilg. 

Radioimmunoassay (RIA) 

RIA for H was carried out using a test kit delivered by ffiL (Immuno Biological 

Laboratories, Hamburg, FRG). Briefly, 0.1 ml samples or standards were incubated for 

30 min at room temperature with an acylation reagent to form acyl-H. Then 0.05 ml 125r_ 
labeled Hand 0.05 ml anti-H-antiserum were added and the mixture was incubated over 

night in the refrigerator at 6-goC. The next day 1.0 ml of second antibody solution was 

added. After incubation at room temperature for 15 min the precipitate was spun for 15 

min at 2 000 x g and 20°C. The supernatant was aspirated and the pellet was counted in a 

gamma counter. The crossreactivity of the antibody with acyl-H was 100 % and with MH 
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0.0 I %. L-histidine, imidazole acetic acid, MIAA, serotonin and 5-hydroxyindole acetic 

acid did not crossreact with the antibody. 

Collection of urine samples 

Urine was collected in individual fractions over 24 h from 7 healthy volunteers, 4 females 

and 3 males, mean age 30 ± 6 years. Each time the individual had to urinate the urine was 

collected in aiL plastic flask. The time and the volume was recorded. From the total 

urine volume 40 m! were poured from the I L flask into a 50 ml plastic tube which con­

tallIed 0.32 m! of25 % HC!. The samples were thoroughly mixed and stored at -80°C. 

Purification of histamine from urine and heparin 

H was purified from urine usillg octadecasilyl-silica cartridges (ODS, Sep Pak C18, 

Millipore Waters, Eschborn, FRG). The cartridges were first rinsed with 3 ml methanol 

followed by 3 ml 0.01 N HC!. 

Urine samples were thawed at 4°C and centrifuged for! 0 min at I 000 x g and 4°C. The 

pellets were discarded and the clear supernatants of the urine samples were further proc­

essed. The distinct urine samples collected over 24 h from the 7 volunteers were pooled 

to obtain a 24 h urine pool of the 7 volunteers. From the 7 pooled urine samples, 2 ml of 

the clear supernatants were applied to the primed cartridges and the flow through of the 

cartridges were collected (fraction # I). The cartridges were washed 3 times with I ml 

0.01 N HCI and the eluates of the 3 washing steps were collected ill sillgle fractions 

(fraction # 2 to 4). The samples (fractions # 1 to 4) were dried in a vacuum centrifuge. 

The dried residues, fractions I and 2 were dissolved ill I ml HPLC water each. Fractions 

I and 2 were pooled and spun at 20°C, 10 000 x g and 2 mill. 

H was also purified from a heparin formulation using the ODS cartridges. The heparin 

sample (1.0 ml) was applied to the primed cartridge and \ ml of the flow through was 

collected. The cartridge was then washed once with I ml 0.01 N HCI and the elutillg 

fraction was collected. The two elutillg fractions were combilled and dried ill a vacuum 

centrifuge. The dried residues were dissolved in 1.0 ml HPLC water and spun at 20°C, \ 0 

000 x g for 2 min. The heparin formulation contained 25 000 I.E. heparin/Sm!. 

H was measured radioimmunologically ill the reconstituted urine or heparin samples. 

Recovery of 3H-Histamine ill urine samples 

The analytical recovery of the ODS cartridges for H in urine samples was determined by 

the addition of 3H-labeled H (3H-H) to the urine samples before purification. Fractions I 

to 4 were collected and aliquots of 0.\ ml of the radioactive 3H-H were mixed with 5.0 ml 

scintillation fluid and counted for I min in a liquid scintillation counter. 
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HPLC characterization ofH-like material 

For the characterization of H-like material, I ml urine or I ml of heparin which were 

purified on ODS cartridges were injected and separated on the cation exchange TSK SP-5 

PW column. Fractions of 0.6 ml were collected. Aliquots of 0.1 rnl of each fraction were 

withdrawn for the radioimmWlological measurement of H. Rechromatography was per­

formed on a reversed phase C8 column using paired ion chromatography as mentioned 

above. 

Chemicals 

All chemicals used were of analytical grade. L-Histidine, Hand MIAA were purchased 

from Sigma Chemie, Deisellhofen, FRG. MH was delivered by Calbiochem, Frankfurt, 

FRG. All other chemicals including HPLC solvents were delivered by Merck AG, Darm­

stadt, FRG. 

RESULTS 

HPLC separation of histamine on an ion exchange column 

On the cation exchange TSK SP-5 PW column and gradient elution, a baseline separation 

was achieved for H, its metabolites MH and MIAA and its precursor L-histidine (Fig. IA). 

The retention time for H was 32.54 ± 0.04 min, for MH 30.57 ± 0.02 min, for L-histidine 

8.11 ± 0.12 min and for MIAA 4.05 ± 0.01 min (mean ± SEM; n=3). 

HPLC separation of histamine on different reversed phase columns 

Using an aqueous mobile phase of 0.05 M NaH2P04 which contained 0.5 ruM EDTA­

Na4 (in the absence of an organic modifier and the ion pairing reagent pentan-I-sulfonic 

acid or octan-l-sulfonic acid), Hand MH were not retained on a reversed phase C18, C8 

or C4 column and eluted in the void volume of the columns. The addition of pentan- 1-

sulfonic acid had no influence of the retention times for H and MH on CI8 column. Hand 

MH still eluted in the void volume of the column with retention times of 1.78 and 1.96 

min, respectively. Although, the retention times of H and MH increased on a C8 or C4 

column, H could not be separated from MH (Tab. I). Replacement of the pentan-I-sulfo­

nic acid by the octan-I-sulfonic acid significantly increased the retention time of H (62.79 

min) and MH (82.48 min) on the C8 column (Tab. I). Substitution of the C8 column with 

a C4 column induced a notable reduction of the retention times ofH and MH from 62.70 

to 18.16 min and 82.48 to 21.76 min (Tab. I). 

The retention times for Hand MH could be significantly reduced from 62.70 to II. 14 and 

82.48 to 12.60 min on a reversed phase C8 column using a mobile phase which was 

composed of a mixture of 15 % methanol as an organic modifier and 85 % of an aqueous 
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Figure 1 

HPLC separation of H, L-histidine, MH and MIAA on an ion exchange TSK SP-5 PW 

column (A) and a reversed phase Cg column (B) and UV detection at a wavelength at 

210 nm. A: I=MIAA, 2=L-histidine, 3=MH, 4=H. B: 1,2=MIAA and L-histidine, 3=H 

and 4=MH. For more detailed information see text. 

solution of 0.05 M NaH2P04 which contained 0.5 mM EDTA-Na4 and 0.005 M octan-I­

sulfonic acid (Tab. 1). With the use of a reversed phase Cs column in combination with 

this mobile phase H could be separated from its precursor L-histidine and its metabolites 

MH and MIAA. However, MIAA and L-histidine could not be separated from each other 

(fig. lB). The retention time for H was 11.14 ± O.OS min, for MH 12.60 ± 0.09 min, for 

L-histidine 4.10 ± 0.02 min and for MIAA 4.34 ± 0.03 min (mean ± SEM; n=3). For this 

HPLC setup the detection limit for H was 20 ng at a detector sensitivity of 0.01 AUFS. 

The influence of different wavelengths on the detector signal for H and MH for this HPLC 

setup were investigated. The highest detector signals for H and MH were obtained at a 

wavelength setting of 21 0 or 215 run. The detector signals were significantly lower at 205 

or 225 nrn. At a wavelength of254 urn no detector signal was obtained for H or MH (Fig. 

2). 



T
ab

le
 I

 

In
fl

ue
nc

e 
o

f p
en

ta
n-

I-
su

lf
on

ic
 a

ci
d 

an
d 

oc
ta

n-
l-

su
lf

on
ic

 a
ci

d 
on

 t
he

 r
et

en
ti

on
 t

im
es

 o
f H

 

an
d 

M
H

 u
si

ng
 C

IS
, 

C
s 

or
 C

4 
co

lu
m

ns
 i

n 
th

e 
ab

se
nc

e 
o

f 
th

e 
or

ga
ni

c 
m

od
if

ie
r 

m
et

ha
no

l. 

F
or

 m
or

e 
de

ta
ile

d 
in

fo
rm

at
io

n 
se

e 
te

xt
. 

R
et

en
ti

o
n

 T
im

es
 

(m
in

) 

Io
n 

P
ai

rin
g 

re
ag

en
t 

H
is

ta
m

in
e 

1-
M

et
hy

lh
is

ta
m

in
e 

C
ol

um
n 

E
xp

er
im

en
ts

 

P
en

ta
n-

1-
su

lfo
ni

c 
ac

id
 

1
.7

8
 

1
.9

6
 

C
18

 
n

=
l 

3
.5

0
 

+
 /-

0.
01

 
3

.9
5

 
+

 /-
0

.0
4

 
C

8 
n

=
3

 

2
.8

3
 

+
 /-

0.
01

 
2

.9
4

 
+

/-
0.

01
 

C
4 

n
=

3
 

O
ct

an
-1

-s
ul

fo
ni

c 
ac

id
 

6
2

.7
 

8
2

.4
8

 
C

8 
n

=
l 

1
8

.1
6

 
+

/-
0

.4
5

 
2

1
.7

6
 

+
 /-

0
.1

9
 

C
4 

n
=

3
 

e:l U
'>

 ~ ~ ~ '" § ~ .?"
 ~ ~ o t: ~ I-

-'
 

~
 



196 HERMANN, FRANK, AND RING 

_____ Histamine 

16 
lI'l 
0 

0---0 I-Methylhistamine 

--~ 12 

-; 
8 61 

1.i5 
... 

4 Q ... 
U 
QJ ... 
QJ 
Q 0 

205 210 215 225 254 

Wavelength (nrn) 

Figure 2 

Relationship between the wavelength and the detector signals on the reversed phase C8 

column. The highest detector signal for Hand MH was noted at a wavelength of 21 0 run. 

Recovery of 3H-H 

TIle overall analytical recovery of 3H-H in urine samples on ODS cartridges was 95.16 ± 

0.92 % (n=22). In the fraction which was collected at the same time the sample was ap­

plied to the cartridge 63.10 ± 1.23 % of the radiolabeled H was recovered (fraction # I). 

In the I st wash 27.32 ± 1.26, the 2nd wash 3.79 ± 0.49 and the 3rd wash 0.99 ± 0.13 % 

could be recovered (Fig. 3 top panel). HPLC separation of 3H-H in a pool of the applica­

tion and the I st wash fractions showed a single peak of intact 3H-H indicating that H has 

not been degraded in the acidified urine (Fig. 3 bottom panel). 

Histamine in human urine samples 

H-immunoreactivity was present in human urine samples purified on ODS cartridges. The 

concentration ofH-like material excreted in 24 h was 29.57 ± 10.16 Ilg (mean ± SEM; 

n=7). 

HPLC characterization of H-like material on the cation exchange column showed the 

presence of H, a compound with the same retention time as MH and a variety of 

substances which crossreacted with the anti-H-antibody (Fig. 4). 

With regard to the capability of the HPLC system separating H from MH, the urine 
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Top panel: Analytical recovery of 3H-H in human urine samples on ODS cartridges. The 

overall recovery of 3H-H on ODS cartridges was 95.16 ± 0.92 (n=22). Bottom panel: 

HPLC characterization of 3H-H which was added to human urine samples prior to ODS 

purification on a TSK SP-5 PW cation exchange column. The chromatogram showed a 

single peak of intact H indicating that H was not degraded in the acidified urine samples. 

For more detailed information see text. 
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HPLC characterization of H-immunoreactive material in human urine samples on a TSK 

SP-5 PW cation exchange column. Two substances with the same retention times as H 

and MH were found in the HPLC fractions. For further information see text. 

samples could be divided into 2 distinct types: one with mainly H (Fig. 4 bottom panel) 

and the other with MH (Fig. 4 top panel) as the prominently excreted product. Only H 

and no MH was identified in one subject (#4) while MH and no H was detected in another 

subject (#5). In one subject (subject #2) H was identified with minute amounts of MH. 

The H metabolite MH was mostly found in 4 of the 7 subjects (#1,2,6 and 7). The ratio 

of Hand MH to the total amount of H-Iike material present in 7 urine samples from 

healtllyvolunteers was 19.69 ± 7.86 % for Hand 46.74 ± 12.89 % for MH (Tab. 2). 



Table 2 

Concentration of H-immunorective material in partially purified human urine before and 

after HPLC separation on a TSK SP-5 PW cation exchange column. Numbers in paren­

thesis gives the percentage of H and MH in the HPLC fractions in relation to the H­

immunorective material before HPLC separation. For further information see text. 

beforeHPLC 

Subject 
B-like 

if 1 83.69 
if 2 45.55 
# 3 10.33 
if 4 24.18 
# 5 9.98 
if 6 20.75 
if 7 12.49 

29.57 ± 10.16 
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Figure 5 

afterHPLC 

MB 

69.25 (82.75) 
35.71 (78.39) 

0.26 ( 2.56) 
0 
4.57 (45.83) 
9.86 (47.55) 
8.76 (70.13) 

18.35 ± 9.65 
(46.74 ± 12.89) 

I-Methylbistamine 

Histaminel 

1 

10 15 

Fraction No 

B 

1.76 ( 2.10) 
4.30 ( 9.43) 
3.31 (32.05) 

13.93 (57.59) 
0 
5.88 (28.33) 
1.04 ( 8.35) 

4.32 ± 1.77 
(19.69 ± 7.86) 

20 

Rechromatograpy of the MH peak from the separation on the TSK SP-5 PW cation 

exchange column on a reversed phase C8 column. The compound eluted with a retention 

time of 5 min which was different from the retention time of MH. Arrows indicate the 

retention times ofH and MH. For further infonnation see text. 
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HPLC characterization of H extracted from a commercial heparin preparation using ODS 

cartridges on a TSK SP-5 PW cation exchange column. A compound with the same 

retention time as H could be identified in the HPLC fractions. For further information see 

text. 

TIle substance which eluted from the cation exchange TSK SP-5 PW column with the 

same retention time as MH was submitted to a rechromatography on the reversed phase 

Cs column with octan-l-sulfonic acid as anion pairing reagent. This compound showed a 

retention time different from MH (Fig. 5). 

Histamine in heparin 

In a commercially available heparin formulation SI.93 ng/ml H-immunoreactive material 

was detected. After ODS purification the concentration of the H-immunoreactive material 

was 279.24 ng/ml. HPLC characterization of the H-immunoreactive material on an ion 

exchange TSP SP-5 PW column demonstrated the presence of a substance with the same 

retention time as H (Fig. 6). 

DISCUSSION 

Au ion exchange and reversed phase HPLC procedure for the separation of H from MH 

was developed and a combination of HPLC and RIA was utilized to characterize H and 
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MH in human urine samples and a heparin fonnulation. With an ion exchange TSK SP-5 

PW column and gradient elution using a phosphate buffer pH 5.0 as a mobile phase H was 

separated from its precursor L-hlstidine and its metabolites MH and MIAA. In addition, 

H was separated from MH and MIAA on reversed phase Cs column with isocratic elution 

in the presence of methanol as an organic modifier and octan-l-sulfonic acid sodium salt 

as an ion pairing reagent. 

The effects of different stationary phases and the composition of the mobile phases upon 

the retention times of Hand MH were studied. The results indicated a close interaction 

between the polarity of the mobile phases and the polarity of the column matrix which 

strongly effected the elution behavior of Hand MH. The less polar the stationary phase 

was the less polar the ion pairing reagent had to be in order to retain Hand MH. Hand 

MH are very polar substances. They did not interact with the apolar matrix of a reversed 

phase CIS, Cs or C4 column in the absence of methanol and an ion paring reagent and 

eluted without retention in the void volume of the columns. In addition, H and MH were 

not retained on reversed phase C IS column even when the ion pairing reagent pentan-l­

sulfonic acid was added to the mobile phase. Switchlng from a reversed phase C 18 col­

umn to a C8 or a C4 column by decreasing the apolar column matrix induced an increase 

in the retention times for Hand MH. However, no separation between Hand MH was 

obtained. The use of octan- I-sulfonic acid which differs from the pentan-l-sulfonic acid 

only by 3 additional C-atoms had a marked influence on the retention ofH and MH on the 

reversed phase Cs column. Hand MH were retained on the column for 63 and 82 min, 

respectively. Replacing the C8 column with a C4 column by increasing the polarity of the 

column matrix Significantly reduced the retention times of H and MH to 18 and 22 min. 

The best chromatographlc conditions with respect to an optimal retention time for H and 

MH and the ability for separating H from MH were obtained on a reversed phase C8 

column and a mobile phase whlch was composed of 15 % methanol in the presence of 

octan-l-sulfonic acid as an ion pairing reagent. 

The detection of Hand MH was hlgbly influenced by the wavelength setting of the UV 

detector. A wavelength below 210 nm or above 225 nm resulted ill a decrease in the de­

tector signal. The most sensitive detection with the highest detector signal 011 the UV 

detector for Hand MH was obtained at a wavelength of 210 nm. 

The HPLC procedures were applied to characterize H in human urine samples and a 

heparin fonnulation. HPLC separation of native urine or heparin was hampered by the 

fact that these samples are composed of a variety of different substances which interfered 

with the radioimmunological identification of H in the HPLC fractions. Therefore, an 

extraction step to isolate and purifY H from other constituents present in these samples 

was necessary. For thls purpose, H was purified on ODS cartridges which have been used 



202 HERMANN, FRANK, AND RING 

previously for the purification of angiotensin peptides from brain tissue (11). Whereas an­

giotensin peptides were retained by the ODS cartridges, H was not. H passed through the 

cartridges leaving the yellow colored material in urine in the cartridges. With this 

purification step 63 % of 3H-H was recovered in the flow through and another 27 % in 

the I st washing of the cartridges. The overall recovery of 3H-H which was added to the 

urine samples was 95 %. HPLC characterization of the recovered 3H-H showed a single 

peak in the chromatogram indicating that H was not degraded in the acidified urine 

samples or during the sample handling. Moreover, the addition of HCI to the urine sam­

ples was essential to prevent degradation of H. In contrast, native urine samples with pH 

values between 5 to 6 displayed considerable degradation ofH (data not shown). 

H was identified radioimmwlOlogically in the purified urine samples. The H-immunoreac­

tive material could be characterized on the ion exchange column with subsequent 

radioinununological detection as H and a substance with the same retention time as MH. 

However, the identity of MH could not be confirmed upon rechromatography of the MH 

peak on the reversed phase Cs column. The nature of this substance is still unknown. 

Since the ion exchange column allowed a separation of H from MH the ratio of H to MH 

in human urine was calculated. H constituted about 20 % and MH about 47 % of the total 

H-immunoreactive material found in the urine samples without HPLC separation. The rest 

obviously accounted for material of unknown nature which crossreacted with the anti-H 

antiserum. This confirms findings of our previous study in urine of healthy volunteers 

where we also identified 50 % of the H-immunoreactive material as MH (12). It has been 

shown that H and MH were separated on a reversed phase C IS column with the addition 

of sodium dodecyl sulfate to the mobile phase using electrochemical detection (13). The 

authors could demonstrate a baseline separation and a highly sensitive detection for Hand 

MH. Although, electrochemical detection is very sensitive it is also very susceptible to 

various interferences. We have tried to use electrochemical detection in our experiments 

but obtained variable and discouraging results and were unable to reproduce the results by 

Houdi et al (13). 

H-immunoreactivity could be identified radioimmunologically in a commercially available 

heparin formulation. ODS cartridges were also used to purifY H from other constituents. 

The partially purified H-immunoreactivity was clearly identified as H on the ion exchange 

TSK SP-5 PW column. Previously, Sjodin and Svensson reported the contamination of 

heparin with H. Administration of heparin in cats showed vasodepressor activity which 

could be blocked by a H I-antagonist indicating the involvement of H (14). According to 

their study they estimated that 5 000 I. U. of heparin can be contaminated with as much as 

100 ng H. Likewise, Adt et al showed that injection of H induced cardiopuhnonary 

reactions and an increase in plasma H (15). 
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In summary: ion exchange and reversed phase HPLC in combination with a specific H 

RIA is fast, reproducible, specific and sensitive method for the determination of H in bio­

logical samples. This approach was successfully applied for the qualitative and quantita­

tive determination ofH in human urine and a commercially accessible heparin formulation. 
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THE BOOK CORNER 

THIN-LAYER CHROMATOGRAPHY, TECHNIQUES AND APPLICATIONS, Third 
Edition, Revised and Expanded, by B. Fried and 1. Sherman, Marcel Dekker, Inc, New York, 
NY, 451 pages, 1994. Price: $165.00. 

This new edition of the book has been written to update and expand coverage of the 
topics in the second edition. It provides extensive coverage of qualitative and quantitative thin­
layer chromatography (TLC) and high-performance TLC, and compares modern TLC with other 
separation methods, especially gas and column liquid chromatography 

The authors state that they have maintained the overall organization of the second edition, 
namely, a series of initial chapters on theory and practice, and a second section of chapters 
concerned with applications to important compound types. As in the previous two editions, 
practical, rather than theoretical, aspects of TLC have been stressed Coverage of certain modern 
principles, techniques, and instrumentation (such as optimization of separations and densitometry, 
overpressurized and multiple development, and preparative layer chromatography) has been 
expanded. 

This edition updates and extends references to the literature The TLC literature is 
voluminous and references in this book are selective Citations are mainly to the 1980-1993 
literature. 

The second part of this book is concerned with the applications of TLC to various classes 
of compounds. The third edition also provides extensive coverage of sample preparation. 

Overall, the book is a good introduction to TLC. The discussion of multi-modal TLC and 
use of cyano and amino phases as multi-modal supports is inadequate, however The section on 
biphasic layers is very weak and almost non-existent. Recent reviews were not included in this 
updated edition. 

Table of Contents: 

1. Introduction and History, (3) 

2. Mechanism and Theory, (II) 

3. Sorbents, Layers, and Precoated Plates, (25). 
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4. Obtaining Material for TLC and Sample Preparation, (51). 

5. Application of Samples, (73). 

6. Solvent Systems, (87). 

7. Development Techniques, (101). 

8. Detection and Visualization, (133). 

9. Qualitative Evaluation and Documentation, (157). 

10. Quantification, (173). 

11. Reproducibility of Results, (201). 

12. Preparative Layer Chromatography, (209). 

13. Radiochemical Techniques, (221). 

14. Basic TLC Design and TLC of Organic Dyes, (237). 

15. Lipids, (245) 

16. Amino Acids, (287). 

17. Carbohydrates, (303). 

18. Natural Pigments, (321). 

19. Vitamins, (337) 

20. Nucleic Acid Derivatives, (361) 

21 Steroids and Terpinoids, (373). 

22. Pharmaceuticals, (391). 

23. Miscellaneous Applications, (405). 

Directory of Manufacturers and Sources of Standards, Sample Preparation Supplies, and 
TLC Instruments, Plates, and Reagents, (421). 

Glossary, (429) 
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MEETING REPORT 

THE INTERNATIONAL CONGRESS ON 
NATURAL PRODUCTS RESEARCH 

Halifax, Nova Scotia, Canada 
July 31 - August 4, 1994 

The 1994 International Congress on Natural Products Research, which is held 
once every five years, which is a joint meeting of the American Society of 
Pharmacognosy (35th Annual Meeting), Association Francaise pour I'Enseignement et 
la Recherche en Pharmacognosie, Gesellschaft fur Arzneipflanzenforschung, and 
Phytochemical Society of Europe, was held at the World Trade and Convention Centre 
in Halifax, Nova Scotia, Canada. The theme of the Congress was "Natural Toxins and 
Their Impact on Society." 

The Congress was attended by over 600 conferees. The excellent program 
was divided into the following categories: thirteen symposium lectures by leaders in 
natural products research, each talk was 45 minutes; four award speakers; 45 oral 
communications (20 minutes each); four lectures by outstanding young investigators, 
which were awarded scholarships to attend; and 267 posters. 

The posters were divided into four sessions, which allowed ample time for 
review and discussion. The day started with a continental breakfast from 7:00-8:00 
AM, followed by symposium lectures, a refreshment break for 30 minutes, and by 
another symposium. After the lunch break from 12:00-1 :30 PM, oral presentations 
were given until 3:00 PM, followed by another refreshment break for 30 minutes. At 
3:30 p.rn. another symposium (or poster session) and from 4:15-6:00 p.m. a poster 
session (or a series of oral presentations). 

On the first day, an additional poster session was held from 8:00-11:00 p.rn. 
This resulted in the conferees becoming saturated by the end of the Congress, dreaming 
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of natural toxins, drugs, poisons and pharmaceuticals. The program was excellent 
and, for the novice, this was quite an introduction to an exciting and complex field 
which is, with all honesty, a very important area of research. It is by no means an easy 
area, it is complex and the search for a toxin or a drug is tedious, difficult and time 
consuming. It is comparable to searching for a needle in a hay stack, if not harder. 

It was clear to me, as a separation scientist, that separation science is an 
integral and important part of natural products research. TLC, HPLC, GC and column 
chromatography are important tools which are used extensively. However, capillary 
electrophoresis and micellar electrokinetic chromatography are extremely important 
and useful tools in this complex area of natural products research, due to their high 
resolving power. This was clear from one of the posters, which showed that CE is 
superior to HPLC in resolving a complex crude extract. 

The scientific and organizing committees deserve all the praise that one can 
shower on them. Dr. F. Chandler, the host and Chairman of the Congress, deserves 
much credit for a very successful and enjoyable Congress, for the quality of the 
presentations and for the smooth running of the scientific and social programs. Dr. 
Chandler and his colleagues were very generous and caring to the conferees and 
offered them their "money's worth," both scientifically and socially. They did not try to 
save the registration fees for their own purposes or to invite their own friends to fancy 
dinners, as we often see at other meetings around the world. They offered the 
conferees breakfast and refreshments all day including juice, coffee, tea, and cold 
drinks. They even gave the conferees a free lunch when the poster sessions ran from 
11 : 3 0-1 : 3 0 PM. The social events were of the highest quality and I am sure that most 
of the registration fee was spent on the conferees. 

Scientifically, the Congress was enlightening and socially it was rewarding. Dr. 
Chandler and his committee should be congratulated on a job well done. 

Haleem J Issaq, PhD. 
Associate Editor 
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MEETING ANNOUNCEMENT 

Prep'95 
1995 International Symposium, Exhibit 

& Workshop on Preparative Chromatography 

June 11 - 14, 1995 

Washington, DC 

The Prep'95 Symposium will address all aspects of preparative chromatography from empirical 
laboratory applications to large scale process optimization. Some sessions will be devoted to 
practical applications by authors from industry. The program will incorporate lectures; poster 
sessions; discussions; seminars; workshops; an instrumentation exhibit. 

Specific topics which will be covered include 

* Industrial Applications 
* Recombinant Technology 
* Peptide & Protein Purification 
* Chiral Separations 
* Instrumentation 
* Economic Considerations 
* Simulated Moving Bed 
* Overload Elution 
• Bulk Adsorption Processes 
* Case Studies 

Concerns which will be discussed: 

* Isolation of Impurities 
• Development of Preparative Methods 
* Drugs & Biopolymers 
* Column Technologies 
* Experimental Optimization 
* Regulatory Aspects of GMP 
* Displacement Chromatography 
* lon-Exchange Chromatography 
* Low Pressure Applications 
* High Pressure Applications 

* What's new in preparative Chromatography? 
* Is displacement going to remain a technique of the future? 
• Should I use a large preparative column? 
• Is a moving bed column the answer to my separation problem? 
* What about the bed compression approach? 
* What are the trends in stationary phase developments? 
* Will chiral phases become economical for preparative separations? 

Further information about Prep'95 may be obtained from Ms. Janet Cunningham, Barr 
Enterprises, P. o. Box 279, Walkersville, MD 21793, USA. 
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LIQUID CHROMATOGRAPHY CALENDAR 

1995 

FEBRUARY 13 - 15: PrepTech '95, Sheraton Meadowlands Hotel, East 
Rutherford, New Jersey. Contact: Dr. Brian Howard, ISC Technical 
Conferences, Inc., 30 Controls Drive, Shelton, CT 06484-0559, USA. 

MARCH 6 - 10: PittCon'95: Pittsburgh Conference on Analytical Chemistry 
& Applied Spectroscopy, New Orleans, Louisiana. Contact: Pittsburgh 
Conference, Suite 332,300 Penn Center Blvd., Pittsburgh, PA 15235-9962, USA. 

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

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

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

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

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

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

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

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

JUNE 14 - 16: 50th Northwest/12th Rocky Mountain Regional Meeting, 
ACS, Park City, Utah. Contact: 1. Boerio-Goates, Chern Dept, 139C-ESC, 
Brigham Young Univ, Provo, UT 84602, USA. 

JULY 9 - 15: SAC'95, The University of Hull, UK, sponsored by the 
Analytical Division, The Royal Society of Chemistry. Contact: The Royal 
Society of Chemistry, Burlington House, Picadilly, London WI V OBN, UK. 

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

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

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

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

SEPTEMBER 12 - 15: 5th International Symposium on Drug Analysis, 
Leuven, Belgium. Contact: Prof 1. Hoogmartens, lnst. of Pharmaceutical 
Sciences, Van Evenstraat 4, B-3000 Leuven, Belgium. 
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OCTOBER 18 - 21: 31st Western Regional Meeting, ACS, San Diego, Calif. 
Contact: S Blackburn, General Dynamics, P. O. Box 179094, San Diego, CA 

92177-2094, USA 

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

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

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

NOVEMBER 5 - 7: 30th Midwestern Regional Meeting, ACS, Joplin, 
Missouri. Contact: J H. Adams, 1519 Washington Dr, Miami, OK 74354, USA 

NOVEMBER 29 - DECEMBER 1: Joint 51st Southwestern/47th 
Southeastern Regional Meeting, ACS, Peabody Hotel, Memphis, Tenn. 
Contact: P.K. Bridson, Chern Dept, Memphis State Univ, Memphis, TN 38152, 
USA 

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

1996 

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

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

MARCH 31 - APRIL 4: 7th International Symposium on Supercritical Fluid 
Chromatography and Extraction, Indianapolis, Indiana. Contact: Janet 
Cunningham, Barr Enterprises, P. O. Box 279, Walkersville, MD 21793, USA 
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MAY 7 - 9: VIIth International Symposium on Luminescence Spectrometry 
in Biomedical Analysis - Detection Techniques and Applications in 
Chromatography and Capillary Electrophoresis, Monte Carlo, Monaco .. 
Contact: Prof. Willy R. G. Baeyens, University of Ghent, Pharmaceutical Institute, 
Hare1bekestraat 72, B-9000 Ghent, Belgium. 

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

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

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

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

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

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

1997 

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

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

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

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

1999 

MARCH 21 - 26: 217th ACS National Meeting, Anaheim, Calif. Contact: 
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

AUGUST 22 - 27: 218th ACS National Meeting, New Orleans, Louisiana. 
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, 
USA. 

2000 

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

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

2001 

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

AUGUST 19 - 24: 222nd ACS National Meeting, Chicago, llIinois. Contact: 
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 
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2002 

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

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

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

a) Name of the meeting or symposium, 

b) Sponsoring organization, 

c) When and where it will be held, and 

d) Whom to contact for additional details. 

Incomplete information wiIl not be published. You are invited to send 
announcements to Dr. Jack Cazes, Editor, Journal of Liquid 
Chromatography, P.O. Box 2180, Cherry Hill, NJ 08034-0162, USA. 
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