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PERFORMANCE OF ZWITTERIONIC 
AND CATIONIC FLUOROSURFACTANTS AS 

BUFFER ADDITIVES FOR CAPILLARY 
ELECTROPHORESIS OF PROTEINS 

A. EMMER AND J. ROERAADE 
Royal Institute of Technology 

Department of Chemistry, Analytical Chemistry 
S-JOO 44 Stockholm, Sweden 

ABSTRACf 

In this work, a study has been made of the performance of a zwitterionic 
fluorosurfactant and mixtures of a zwitterionic and a cationic 
fluorosurfactant, when used as buffer additives in capillary electrophoresis. 
Thus, it showed to be possible to change the direction of the electroosmotic 
flow by changing the pH of the buffer solution. Possible mechanisms for the 
behaviour of the electroosmotic flow at different pH and when using 
different surfactant combinations are suggested. 
High efficiency separations of some model proteins can be obtained, when a 
mixture of a cationic and a zwitterionic fluorosurfactant is added to the 
running buffer solution. By changing concentration proportions between the 
surfactants, a change in separation selectivity is obtained. This procedure 
provides an alternative way for selectivity tuning in protein separations by 
capillary electrophoresis. 
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INTRODUCTION 

Capillary electrophoresis has been recognized as a highly promising tool 

for separation of biomolecules, and a considerable effort has been made to 

improve the performance of this technique. In particular, separation of 

proteins has been a target object of several research groups (e.g. 1). One of 

the most important problems recognized in this context has been the 

tendency of proteins to adhere onto the capillary inner wall. This leads to a 

severe degradation of the separation performance, and in some cases, even 

an irreversible adsorption of solutes can occur. 

Several methods for suppression of protein adsorption have been 

proposed. A variety of permanent wall coatings, with the purpose of 

shielding the silanol groups of the silica surface have been presented (e.g. 

2-10). However, the drawbacks of permanent wall coatings include time 

consuming and labourious procedures, sensitivity towards buffer pH 

extremes, and limited colurmi. life time. 

An alternative to permanent coatings is the use of a running buffer with 

a high salt concentration, where the increased ionic strength leads to a 

competitive interaction with the negative sites of the wall (11). Other means 

to decrease adsorption problems are to use either a low buffer pH, resulting 

in a more neutral wall charge, as the silanols are protonized (12), or a high 

buffer pH, leading to a negative charge of both the wall and the solutes, 

which counteracts wall interactions by electrostatic repulsion (13). However, 

the use of extreme buffer pH values or buffers with a high ionic strength can 

cause either protein denaturation, or excessive electric currents and joule 

heating. 

Previously, we have presented a concept where a cationic 

fluorosurfactant was employed as a buffer additive. The fluorosurfactant 
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fonns an admicellar bilayer. This leads to a charge reversal and an 

electrostatic repulsion of positively charged proteins from the wall. A 

considerable improvement in protein bandshapes, separation efficiencies and 

reproducibility was obtained. (14, 15 ). 

An interesting possibility to decrease adsorbtion, is by using of 

zwitterions as additives to the running buffer. Such compounds have a 

similar effect as adding salts, however without causing the drawback of an 

increased electrical conductivity (16-18). Zwitterions have also been 

incorporated in polyacrylamide layers of wall coated capillaries (19). The 

unique characteristics of zwitterions in addition to our encouraging earlier 

results obtained with fluorosurfactants, initiated the present study, where the 

behaviour of a zwitterionic fluorosurfactant as well as combinations of 

fluorosurfactants as a buffer additive was investigated. 

EXPERIMENTAL 

A custom made CZE apparatus, which is described elsewhere (14), was 

used. A UV-detector (Model 200, Linear Instruments, Reno, NY, USA), 

including a capillary cell (model 9550-0155, Linear Instruments) was 

employed for on-column detection. Injections were carried out by timer

controlled electromigration. Prior to use, new capillaries (fused silica, 50 ~m 

ID, ca. 60 cm total length, and 50 em length from the injection point to the 

detection window) were flushed with O.4M NaOH for 30 min - 1 hour and 

then to neutrality with water, and finally with running buffer for 20 minutes. 

When a change between buffers of different compositions was made, the 

capillary was rinsed for 20 minutes with the new buffer. In some cases, a 

stabilization of the surface conditions was obtained by applying a voltage 

(20kV) across the capillary for 20 minutes. The cationic surfactant FC134 -
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the zwitterionic fluorosurfactant -

(Dupont, 

Wilmington, DE, USA) were added to the running buffer, either as individual 

additives or in different combinations, at concentrations ranging between 10 

and 400 l1m/ml. The model proteins myoglobin, ribonuclease, trypsinogen 

and lysozyme (Sigma, St. Louis, MO, USA) were used in concentrations 

between 0.02 mg/ml and 0.04 mglm1 each. The total protein concentration of 

the samples was kept below 0.2 mg/ml. 

RESULTS AND DISCUSSION 

The proposed mechanism, causing the effective reduction of protein 

adsorption, when a cationic fluorosurfactant (FC134) is added to the running 

buffer has been described earlier (14, 15). One of the important 

characteristics of this additive is the formation of an admicellar bilayer at the 

capillary wall surface. This leads to a positively charged wall , which will 

repell positively charged solutes. The use of a zwitterionic fluorosurfactant 

presents opportunities to change the magnitude and sign of the charge on the 

wall, by changing the buffer pH. This drastically influences the 

electroosmotic flow (BOF) and associated separation characteristics, as will 

be shown below. 

To determine the pI of the zwitterionic fluorosurfactant, the 

electrophoretic migration time of a neutral compound (mesityl oxide) was 

determined in a series of experiments, where buffers with different pH values, 

containing the surfactant, were used. The pI showed to be around 8 

(figure 1). When a negative potential is applied at the inlet side of the 

capillary, and the pH is kept below 8, the EOF is in the direction from the 
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FIGURE 1. Migration time of mesityloxide vs. buffer pH. 
2()() jlglml zwitterionic fluorosurfactant added to the running 
buffer. 
Applied voltage: -20 kV (pH3-8), +20 kV (pH 9-11.5). 

cathode to the anode. The EOF decreases with increased pH, since the 

positive charge of the zwitterion is decreasing. Above pH 8 , the zwitterion 

changes sign of charge, and the compound will then behave as an anionic 

additive. At this point the electroendosmotic flow reverses towards the 

direction of the cathode. 

Recently, we observed that combinations of different fluorosurfactants 

added to the running buffer can be used to influence the separation selectivity 

between different proteins (20). This gave raise to the question how different 

mixtures of the zwitterionic and the cationic fluorosurfactant, used at 

different buffer pH, would influence the electroendosmosis, the separation 

selectivity and protein peak shapes. 

In a frrst study, the migration time for mesityl oxide was measured as a 

function of the buffer pH, where a mixture of the cationic and the 

zwitterionic fluorosurfactant had been added. The results are shown in 
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FIGURE 2. Migration time of mesityloxide vs. buffer pH. 
100 j.l.g/ml zwitterionic fluorosurfactant and 50 j.l.g/ml cationic 
fluorosurfactant (FC 134) added to the running buffer. 
Applied voltage: -20 kV (pH 3-8 ), +20 kV (pH 8.5-9). 

figure 2, and it can be seen that the turnover pH for flow reversal is the same 

as in the case where only the zwitterion was added (el fig. I), However, in 

the range between pH 3 and pH 8, the use of the surfactant mixture resulted 

in a more constant and also higher electroosmotic flow rate (as can be 

observed from the migration data in fig. 2). It is fairly obvious that these 

results are related to the behaviour of the surfactant bilayer on the capillary 

wall. An increased charge density is obtained when the cationic compound is 

added to the zwitterion. This explains the differences in migration rates 

between the results shown in fig. 1 and 2. Also, the zwitterion rapidly loses 

charge, as the pH is raised from 3 to 8. In the case where the cationic 

surfactant is also present, the charge at the wall will be more dense and 

stable, until a pH is reached, where negative charges from the zwitterion 

begin to interact with the quarternary ammonium group of the cationic 

surfactant. 

Figure 3 shows a proposed model for the appearance of the bilayers at 

different pH conditions. 
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FIGURE 3. Proposed models for adhered layers of fluorosurfactants on a 
silica wall. 
a, c and e) : buffer solution containing a cationic and a 
zwitterionic fluorosurfactant. b, d and f) : buffer solution where 
only a zwitterionic fluorosurfactant is added. a and b) : The pH 
of the buffer is below the isoelectric point of the zwitterion, 
c and d: The pH of the buffer is at or near the isoelectric point of 
the zwitterion. e and f: The pH of the buffer is above the 
isoelectric point of the zwitterion. 
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In subsequent investigations, the influence of having different 

proportions of the two fluorosurfactants on the magnitude of the EOF was 

examined. In all experiments, a mixture of the two surfactants was employed, 

where the concentration of either one of the two compounds was varied, 

while the concentration of the other fluorosurfactant was kept constant. The 

migration speed of mesityl oxide was measured at pH 7, (where both 

surfactants are positively charged). At this pH value, an increased 

concentration of zwitterion surfactant resulted in longer migration times (a 

decrease of the EOF). On the other hand, a constant concentration of the 

zwitterion and a increase of the cationic surfactant FC134 resulted in shorter 

migration times. The results are shown in table 1. The obtained results can be 

explained in the following way: At pH 7, the cationic surfactant FC134 has a 

higher net positive charge then the zwitterion, which has lost a large part of 

its positive charge at this pH value. If the relative amount of cationic 

fluorosurfactant is increased, the positive charge of the bilayer at the wall will 

increase, which leads to an increased electroendosmotic flow. 

At pH 9, the two surfactants are oppositely charged, which results in a 

more complex behaviour of the mixture. It has been suggested that cationic 

surfactants will co-adsorb together with anionic surfactants from such 

mixtures and form ion pairs onto a negatively charged surface (21-23, figure 

3 e). Thus, when adding the cationic surfactant to a solution, containing the 

zwitterionic surfactant, a form of " charge-buffering" action is obtained. This 

suggestion corresponds well with the results obtained from the experiments 

(table 2 - upper part). A progressive increase of cationic surfactant did not 

influence the EOF to an appreciable extent, as long as a sufficient excess of 

the zwitterion was present. 

When the concentration of the cationic surfactant was kept constant, and 

the concentration of the zwitterion was changed, the results obtained were 
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TABLE 1 
Migration Times for Mesityl Oxide Using Different Concentrations of 
Fluorosurfactant Buffer Additives. 

Concentration of cationic 
fluorosurfactant (f.lg/ml) 

10 
25 
50 

Concentration of 
zwitterionic fluorosurfactant 

(p.g!ml) 

Buffer pH = 7 

25 
100 
400 

Migration time for 
mesityl oxide (min) 

8.7 
7.4 
6.2 

Migration time for 
mesityl oxide (min) 

5.6 
6.2 
7.0 

Upper part of the table: Different cationic fluorosurfactant concentrations, 
while the zwitterionic fluorosurfactant concentration was 100 Ilg/ml in all 
experiments. 
Lower part of the table: Different zwitterionic fluorosurfactant 
concentrations, while the cationic fluorosurfactant concentration was 
50 Ilg/ml. 
The applied voltage was- 20 kV. 

significantly different (table 2 - lower part). At present, we have only a 

partial explanation for this behaviour. It is known that a mixture of 

oppositely charged fluorosurfactants behaves in a non-ideal way, which 

makes it difficult to predict the influences of surfactant concentration 

changes on the EOP. It is known for example (21) that the critical micellar 

concentration (CMC) for such mixtures is considerably lower than the 

average value, calculated from the CMC values of the individual 

components. Also, there can be a difference in composition between the 

micelles, the bilayer at the wall, and the free monomer solution (24-29). 
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TABLE 2 
Migration Times for Mesityl Oxide When Different Concentrations of 
Fluorosurfactant were Added to the Running Buffer. 

Concentration of cationic 
fluorosurfactant (jlg/ml) 

10 
25 
50 

Concentration of zwitterionic 
fluorosurfactant O..t.glml) 

BufferpH=9 

25 
100 
400 

Migration time for 
mesityl oxide (min) 

7.6 
7.5 
7.9 

Migration time for 
mesityl oxide (min) 

9.2 
7.9 
10.2 

Upper part of the table: Different cationic fluorosurfactant concentrations, 
while the zwitterionic fluorosurfactant concentration was 100 jl.glml in all 
experiments. 
Lower part of the table: Different zwitterionic fluorosurfactant 
concentrations, while the cationic fluorosurfactant concentration was 
50 jl.glml. 
The applied voltage was + 20 kV. 

These differences in distribution of the surfactants can change, as the 

proportions between the individual surfactants are altered. 

In view of the results obtained, it was of interest to investigate, how the 

presence of the fluorosurfactants would influence the CE separation 

behaviour of proteins. Thus, evaluations, using some model proteins (table 3) 

were carried out in presence of either the zwitterionic fluorosurfactant, or a 

combination of the cationic and the zwitterionic surfactant. 

Figure 4a, b and c show the electropherograms recorded at pH 3, 4 and 

5 respectively in presence of the zwitterionic fluorosurfactant. Significant 

differences in selectivity can be noted. However, the separation efficiency 
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TABLE 3 
Characteristics of the Four Model Proteins. 

Protein 
Myoglobin 
Trypsinogen 
Ribonuclease 
Lysozyme 

Isoelectric point (pI) 
7.4 
9 

9.6 
11 

3841 

Molecular weight (Mw) 
17000 
24000 
13700 
14300 

does not exceed 60.000 theoretical plates, which is considerably below the 

efficiencies, that were obtained in an earlier study (14), where we used the 

cationic fluorosurfactant as an additive. We attribute the inferior efficiency to 

the lower density and charge of the admicellar bilayer of zwitterions. As the 

pH increases, the charge and bilayer density will be further reduced, and wall 

interactions become more pronounced. This can also be part of the cause for 

the decrease of the peak: height for the most basic protein, lysozyme, at pH 5. 

(fig. 4 c) 

Considerably improved results can be obtained when combinations of 

the zwitterionic and the cationic surfactant FC 134 are added to the running 

buffer. However, a concentration of not less then ca 50 Ilg/ml FC 134 is 

needed to obtain a sufficiently dense admicellar bilayer. An initial trial with a 

low FC 134 concentration (10 Ilg/ml) did not give satisfactory results 

(figure 5 a). The separation between the trypsinogen and ribonuclease was 

poor, and the separation efficiency was moderate. When the FC 134 

concentration was increased to 50 Ilg/ml, a distinct improvement of both the 

selectivity and the efficiency was obtained (ca 200 000 theoretical plates). By 

changing the concentration of the zwitterion, the selectivity of the separation 

can be influenced, while the pH of the buffer is kept at a constant value 

(figure 5 b - d ). 
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a) 

2 

b) 

2 3 

15 minutes 

c) 

3 

10 15 minutes 

FIGURE 4. Electropherograms of model proteins in presence of the 
zwitterionic fluorosurfactant at different buffer pH. 
a) pH 3, b) pH 4, c) pH 5. Zwitterion concentration: 200 Ilg/ml. 
Running buffer: 0.02 M phosphate. Applied voltage: -20 kV. 
Injection: Electromigration at 10 kV for 10 sec. Total protein 
concentration: 0.2 mg/ml. Wavelength: 210 nm.Compounds: 1. 
Myoglobin. 2. Ribonuclease. 3. Lysozyme. 
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10 minuleS 

c) 
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10 minutes 

b) 

d) 

2 
1 

2 
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FIGURE S. Electropherograms of model proteins in presence of a 
zwitterionic and a cationic fluorosurfactant 
a) Concentration of the zwitterion: 100 J.lg/ml, Concentration of 
the cation: lOJ.lg/ml. b) Concentration of the zwitterion: 25 
J.lg/ml, Concentration of the cation: SOJ.lg/ml. c) Concentration of 
the zwitterion: 100 J.lg/ml, Concentration of the cation: SOJ.lg/ml. 
d) Concentration of the zwitterion: 400 J.lg/ml. Concentration of 
the cation: SOJ.lg/ml. Running buffer: 0.01 M phosphate buffer at 
pH 4. Other conditions as in fig. 4. Compounds: 1. Trypsinogen. 
2. Ribonuclease. 3. Lysozyme. 
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When comparing with results from our earlier work (14), where only the 

cationic fluorosurfactant FC 134 was added to the buffer, we found that the 

reproducibility of the migration times was lower, when surfactant mixtures 

were utilized. The migration time reproducibility of the separations in the 

present work are ca 2 - 3 % RSD. One of the reasons for this may be that the 

mixed systems are more sensitive to small pH changes. It should also be 

pointed out that the employed electrophoretic system did not have 

possibilities for temperature control or automated injection. It is likely, that 

the reproducibility can be improved by utilizing such facilities. 

In conclusion, it showed to be possible to change the direction of the 

electroosmotic flow by a change of buffer pH, if a zwitterionic 

fluorosurfactant is added to the running buffer. This can also be 

accomplished when a mixture of a zwitterionic and a cationic 

fluorosurfactant are utilized. 

A high separation efficiency and short migration times can be obtained 

for some basic proteins, when mixtures of the fluorosurfactants are employed 

as buffer additives zwitterionic fluorosurfactant. In this context, a number of 

issues, like quantitative aspects, interaction of the fluorosurfactants with the 

proteins etc. still need to be further investigated. However, we have shown 

that the separation selectivity can be tuned at a particular pH, by changing 

the individual concentrations of the additives. This charge-tuning method 

should provide new possibilities for optimization of protein separations. 
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ABSTRACT 

Tamoxifen and its metabolites were separated using a non-aqueous mobile phase consisting 
of ammonium acetate and a mixture of organic solvents, namely, methanol and acetonitrile. 
The effects of using other organic salts as the conducting medium and varying the 
composition of the mixture of acetonitrile and methanol on the separation were also 
investigated. Optimum separation was obtained by using 25 mM ammonium acetate in a 
50:50 acetonitrile/ methanol mixture. High efficiency separations and shon analysis times of 
less than 8 min were obtained. The reproducibility of migration time was better than 0.4 %. 
The detection limits of tamoxifen and its metabolites were less than 40 pg. 

INTRODUCTION 

Tamoxifen, a non-steroidal anti-estrogen, has been used extensively in the treatment of 

breast cancer in humans over a decade [IJ. Tamoxifen forms several metabolites in the body, 

the major metabolite being N-desmethyltamoxifen. The structures of tamoxifen and its major 

metabolites are depicted in Fig 1. 

The widespread use of tamoxifen has stimulated effons to develop routine assays for this 

drug and its metabolites. Established HPLC assays involved the use of high percentage of 
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No. COMPOUND R 

1 N-Dcsmethyltamoxircn OCH2CH2NHMe 

2 N-Desdimethyltamoxifcn OCH2CH2NH2 

3 Tamoxifcn OCH2CH2NMc2 

4 Me(abolite Y OCH2CH2OH 

5 Metabolite E 011 

Fig 1 : Structures of tamoxifen and its metabolites. 

organic solvents, high flow rates and long analysis times (> 50 min) owing to the hydrophobic 

properties of the analytes [2-6]. In some instances, ion-pairing reagents were added to 

improve selectivity [7]. Capillary gas chromatography with mass spectroscopic detection 

(GC-MS) was also used for the analysis of tamoxifens [8-9], but the major disadvantage was 

the need for analyte pre-derivatization before analysis. 

Capillary electrophoresis (CE) has been used for pharmaceutical analysis such as the 

determination of components in drug formulations [lO-11J and the monitoring of drugs in 

body fluids [12-13]. The use of CE for the analysis of tamoxifen and its metabolites has not 

been described previously and would pose as a challenge for the following reasons. Firstly, 

tamoxifen and its metabolites are very hydrophobic and hence there exists a solubility 

problem in aqueous buffers. Secondly, due to the similarity in structures between the 

tamoxifens, commonly used electrophoretic buffers would not be expected to provide adequate 

selectivity for their separation. Acetonitrile, methanol and ethanol have been added into the 

electrophoretic medium to increase the solubility of the analytes in the separation buffer as 

well as to increase the migration window in CE [14-15]. The disadvantage of using this type 

of system is the long analysis times attributable to the reduction in electroosmotic flow. 

Recently, the use of a non-aqueous buffer solution for the separation of some anti-tumor 

agents has been reported by Naylor and co-workers [16]. In this approach, a totally organic 
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mobile phase such as methanol containing ammonium acetate as the electrolyte was used. 

An advantage of using CE with a non-aqueous medium for pharmacokinetic studies is the 

small sample requirement and the ability of such a system to perform sample preconcentration 

to increase sensitivity [16]. Furthermore, a totally organic mobile phase would allow the 

separation system to be conveniently coupled to a mass spectroscopic detector. 

In this work, optimum conditions based on the use of a totally organic separation medium 

was determined for the separation of tamoxifen and some of its major metabolites. In 

addition, the effects of various organic salts and different compositions of organic mixtures 

used in the electrophoretic medium on the separation were investigated. 

EXPERIMENT AL 

A home-built CE system was used to conduct the experiments. An Isco Model CY4 UY 

detector (Lincoln, NE, USA) with wavelength set at 254 nm was employed for the detection 

of peaks. Chromatographic data were collected with a Hewlett Packard Model 3394A 

integrator (Avondale, Palo Alto, USA) or a Perkin Elmer Model Rloo chart recorder (Illinois, 

USA). A Spellman Model CZEIOooR220 high power voltage supply (Plainview, NY, USA) 

capable of delivering up to 30 kY (with reversible polarity) and fused silica capillaries 

obtained from Polymicro Technologies (phoenix, AZ, USA) of dimension 50 pm i.d., 44 cm 

effective length and 55 cm overall length were used in the experiments. 

Tamoxifen ([Zl-I-[p-dimethylaminoethoxyphenyl]-I ,2-diphenyl-I-butene) and its 

metabolites N-desdimethyltamoxifen, N-desmethyltamoxifen, metabolite E and metabolite Y 

were synthesized by colleagues from the same department. Standards were used without 

further purification. Sample solutions were prepared in the concentration range of 150-200 

pg/mL. The structures of tamoxifen and the metabolites are shown in Fig I. 

Ammonium acetate, tetrabutylammonium bromide, tetrabutylammonium hydrogen 

sulphate and tetrapentylammonium bromide were obtained from Sigma Chemical Comapny 

(St Louis, MO, USA). The ammonium salts were first dissolved in methanol and appropriate 

volumes of acetonitrile were subsequently added to the required percentage (v/v). The two 

buffer reservoirs were capped to prevent evaporation. Methanol and acetonitrile of HPLC 

grade were purchased from BDH (Poole, England). Sample was injected at a height of 5 cm 

for 10 sec. The volume of injection was calculated to be 4 nL by using the equation [17] : 

q = (pgIlr4.ol.ht; )/ ( 8'l1L) 
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where q is the amount injected, p is the density of the sample solution, g is the acceleration 

due to gravity, r is the radius of the capillary column, .... h is the injection height (5 cm) raised 

and 1; is the time of injection, " is the viscosity of the sample solution and L is the length of 

the column. 

RESULTS AND DISCUSSION 

Since the tamoxifens are hydrophobic in nature and neutral at all pH conditions, they 

would not be expected to be separated by varying the buffer pH alone. In fact, even with the 

addition of SDS (MEKC) and y-cyclodextrin to the micellar solution (y-cyclodextrin modified 

MEKC), only a single peak was observed, as shown in Fig 2(a) and (b). This could be due 

to the similarity of the structures of tamoxifen and its metabolites. The addition of organic 

modifiers into the electrophoretic buffer has been shown to decrease electroosmotic flow and 

increase solubility of sample components in the electrophoretic buffer [14-15]. The effect of 

adding 10 % (v/v) of acetonitrile into a electrophoretic buffer consisting of SDS and y

cyclodextrin is shown in Fig 2(c). Although there is an improvement in resolution, the peaks 

observed were broad and the total analysis time was increased to more than 20 mins. 

Since tamoxifen and its metabolites are more readily soluble in organic solvents, the use 

of a non-aqueous separation buffer was considered. When 25 mM ammonium acetate was 

added to 100 % methanol to form the electrophoretic medium, the peaks were better resolved 

but analysis times were long (ca 30 min) and the peaks were broad. Based on the 

consideration that acetonitrile is a better solvent for the tamoxifens and its viscosity is less 

than methanol, the addition of acetonitrile was expected to shorten the migration times. The 

effect of varying the percentage of acetonitrile in methanol on the migration times of the 

tamoxifens is illustrated in Fig 3. From the plot, it can be observed that a marked decrease 

in migration times of the tamoxifens was observed after the addition of 5 % acetonitrile. The 

sharp decrease in migration time could be partly due to a drop in viscosity of the 

electrophoretic medium. Another reason could be that the solutes are more soluble in 

acetonitrile than in methanol, thus the addition of acetonitrile increased solubility of the 

analyteS in the separation medium. Increase in acetonitrile concentration above 50 % resulted 

in a more gradual decrease in migration time. At 50 % acetonitrile, satisfactory separation 

was achieved. The use of 100 % acetonitrile as the separating medium was attempted without 

success since the solubility of ammonium acetate in acetonitrile was too low. 

The effect of varying concentrations of ammonium acetate on the migration time and 

separation is shown in Fig 4. Increasing the concentration of ammonium acetate increased 
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Fig 2 : Typical electropherogram of the separation of tamoxifen and its metabolites. 
Electrophoretic conditions : 
(a) 25 mM phosphate / borate at pH 8.0 and 50 mM SOS; voltage : 18 kV; detection 
wavelength : 254 nm; column : 50 pm i.d. fused silica, 44 cm effective length and 55 cm 
overall length. 
(b) 25 mM phosphate / borate at pH 8.0, 60 mM SOS and 20 mM 'Y-cyclodextrin. Other 
conditions as in (a). 
(c) 25 mM phosphate/ borate at pH 8.0, 60 mM SOS, 20 mM 'Y-cyclodextrin and 10 % 
acetonitrile; voltage: 14 kV. Other conditions as in (a). 
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Fig 3 : Variation of migration time with percentage of acetonitrile in methanol 
Legend : • : N-desmethyltamoxifen; • : N-desdimethyltamoxifen; 0 : tamoxifen; <> : 
metabolite Y; • : metabolite E. 
Electrophoretic conditions : 25 mM ammonium acetate in organic buffer of varying 
acetonitrile in methanol. Other conditions as in Fig 2(a). 

the ionic strength of the separation medium. It has been shown that electroosmotic flow 

decreased with increase in ionic strength [15], which subsequently led to longer migration 

times. No further improvement in resolution was obtained with the addition of more than 25 

mM of ammonium acetate. Hence, the optimum separation condition of 25 mM ammonium 

acetate in 50:50 % acetonitrile / methanol was chosen which offered the best separation and 

shortest analysis time. A typical electropherogram obtained in such a condition is shown in 

Fig 5. Analytes which contain hydroxyl groups, such as metabolites E and Y, exhibited 

stronger interactions with methanol, and thus migrated out later. Efficiencies for this system 

ranged from 140 000 to 240 000 plates per meter whereas in typical HPLC analysis, the 

number of theoretical plates would be less than 4000. Another advantage of using the non

aqueous medium is the low current observed which resulted in reduced Joule heating, and 

consequently, less peak broadening. Reproducibilities in migration times was better than 0.4 

% over 5 consecutive runs. The effect of various organic salts on the selectivity was also 
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Fig 4 : Variation of migration time with concentration of ammonium acetate. 
Legend : • : N-desmethyltamoxifen; • : N-desdimethyltamoxifen; 0 : tamoxifen; <> : 
metabolite Y; • : metabolite E. 
Electrophoretic conditions: varying concentration of ammonium acetate in 25:75 (v/v) % 
acetonitrile:methanol mixture. Other conditions as in Fig 2(a), 
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Fig 5 : A typical electropherogram of tamoxifen and its metabolites. 
Electrophoretic conditions: 25 mM ammonium acetate in 50:50 acetonitrile:methanol. Other 
conditions as in Fig 2(a), 
Peak identification: I : N-desmethyltamoxifen; 2 : N-desdimethyltamoxifen; 3 : tamoxifen; 
4 : metabolite Y; 5 : metabolite E. 
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Fig 6 : Comparison of different organic salts on the selectivity and efficiency. 
(a) tetrabutylammonium bromide 
(b) tetrapentylammonium bromide 
(c) tetrabutylammonium hydrogen sulphate 
Electrophoretic conditions: 20 mM of the organic salts in 33:67 acetonitrile:methanol. Other 
conditions as in Fig 2(a). Peak: identification as in Fig 5. 

investigated. Instead of ammonium acetate, three other salts ie, tetrabutylammonium bromide, 

tetrabutylammonium hydrogen sulphate and tetrapentylammonium bromide were used. 

Typical electropherograms obtained using different salts are shown in Fig 6. Fig 6(a) and (b) 

show the electropherograms obtained using tetrabutylammonium bromide and 

tetrapentylammonium bromide. It was observed that although short analysis times were 

obtained, slight peak: tailing and broadening were evident. In Fig 6(a) and (c), where the only 

difference is the presence of different anions in the buffer, tetrabutylammonium hydrogen 
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TABLE I 

Detection Limits of Tamoxifen and Its Metabolites. 

No. Compound Detection Limit* 

pg ppm 

1. N-desmethyltamoxifen 4 1 

2. N -desdimethyltamoxifen 20 5 

3. Tamoxifen 8 2 

4. Metabolite Y 40 10 

5. Metabolite E 8 2 

* based on SIN = 2 

sulphate seemed to offer slightly higher efficiency separations than tetrabutylammonium 

bromide. However, none of the tetra-alkyl ammonium salts provided selectivity as high as that 

obtained by ammonium acetate. 

The detection limits for tamoxifen and it metabolites were determined and the results are 

tabulated in Table 1. Although the concentration detection limit were only in the 1-10 ppm 

range, the mass sensitivity was higher than those obtained by HPLC with post column 

derivatization and fluorescence detection (50-500 pg) [2,3], UV detection (5 ng) [18], GC-MS 

(200 pg) [19] or recently, electrochemical detection (50-100 pg) [6]. 

CONCLUSION 

A non-aqueous electrophoretic separation medium was employed for the separation of 

tamoxifen and its metabolites. Different organic solvents or a mixture of them and various 

organic salts could be used for the separation. High efficiencies, short analysis times and 

relatively low detection limits were obtained. The sensitivity and specificity of the system, 

the use of low volume of sample and the possiblity of coupling this technique to mass 

spectroscopic detection makes CE potentially a very powerful technique for the analysis of 

pharmaceuticals and their metabolites. 
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ABSTRACT 

Each isoform was identified within the mixture in the natural 

sarafotoxin-a: Ser7 and Thr7 -SRTX-a has been identified by chemical 

sequencing and recently by the sequencing of c-DNAs encoding for the 

sarafotoxins family. Mass spectrometry (MS) of the natural SRTX-a displayed 

the presence of two isoforms as noted by chemical and c-DNA sequencing. In 

order to evaluate the role of the 7 th residue in the bioactivity of SRTX-a 

we carried out the separation of Ser7 and Thr7 -SRTX-a from the natural 

SRTX-a isolated from the venom successicely by gel filtration, ion-exchange 

and reversed-phase HPLC. The capillary electrophoresis in micellar 

conditions (MECC) enabled us the separation of the Ser7/ Thr7 -SRTX-a in an 

analytical range of peptide only. Due to the low range of the CE process in the 

quantitative recovery of two isoforms , each isoform was then synthesized 
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by solid phase for the bioassays and further spectroscopic studies. The MW 

and migration time of each synthetic isoform were found to fit with the 

corresponding natural product. Overall, CE (off-line in this study) with MS 

are the method of choice for the identification of natural products such as 

the SRTX-a isoforms because of its speed, nanogram scale sensitivity. 

INTRODUCTION 

The sarafotoxins( SRTX a,b,c,d) are a family of isopeptides (21 amino 

acids) , which were purified from the venom of the Israeli burrowing asp 

Atractaspis engaddensis (1). These toxins have powerful cardiotoxic effects 

and induce the contraction of various smooth muscles.(2). A related family of 

cardiovascular and vasoconstrictor peptides, endothelins ET-l , ET-2 , ET-3 , 

found in mammals and in other vertebrates (3) show a high degree of 

sequence homology with the sarafotoxin family. 

The purification of SRTX-a from the venom successively by gel 

filtration, ion-exchange and reversed-phase HPLC and its sequencing by 

Edman degradation, enabled us to demonstrate the mixture of two 

isopeptides in the same HPLC peale SRTX-a and SRTX-al which differ by 

only one residue ( Thr/Ser) at the 7th position (4) ( Figure 1). Furthermore, 

recent c-DNA cloning of the SRTXs family in our laboratory shows the 

existence of the two SRTX-a isopeptides namely SRTX-al or (Ser7)-SRTX-a 

and SRTX-a or (Thr7)-SRTX-a and also two SRTX-b isopeptides, namely 

SRTX-bl or (Ser7)-SRTX-b and SRTX-b or (Thr7)-SRTX-b ( 5 ) . The different 

biological potencies of sarafotoxins have been attributed to the sequence 

heterogeneity in the N-ter region (4th to 7th residue) of the peptide (6), and 

specifically for the two most potent SRTXs ( a and b) the difference between 

Ser 7 and Thr7 raised a question on the role of the 7th residu on the 

biological potency of each isoform separately . Therefore, an attempt to 

isolate each natural isoform ( SRTX-a / SRTX- al) was carried out and the 

toxicity and bioactivity each isoform should be then tested to adress this 

question. 
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Cy.1.Ser.Cys.Lys.Asp5 .Met. Ser .Asp.Lys. GI u10 .Cys.Leu.Asn.Phe.Cys 15 His.Gln.Asp. Val.lle. TrpZ 1 
Thr 

FIGURE 1 

Amino-acid sequences of SRTX-a I( Thr7) and al I(Ser7 ) ( disulfide bonds 

between Cys 1 and Cys 15 I Cys3 and Cys 11) . 

The analysis of the natural SRTX-a by mass spectrometry (MS) 

showed the presence of two isopeptides , as noted previously by 

chemical sequencing (4) . Capillary Electrophoresis (CE) only enabled us 

the separation of the two isopeptides. Due to the difficulty in scaling-up 

the separation of the two isoforms from the natural SRTX-a by CE, we 

decided to synthesize by solid phase the two isopeptides for the 

bioassays and further physico-chemical studies. In this paper, we wish 

to demonstrate II the high resolving power and speed of the CE in the 

separation of two SRTX-isoforms and 21 the usefulness of mass 

spectrometry and capillary electrphoresis in an off-line mode for the 

identification and characterization of the two SRTXs-a. 

EXPERIMENT AL. 

Purification of the mixture of two SRTX-a isoforms from the crude 

venom 

The mixture of two SRTX-a isoforms was isolated and purified by 

column chromatography from the venom of Atractaspis engaddensis by gel 

filtration (Sephadex 0-50) and ion-exchange (DEAE-cellulose) ( 4 ) . The 

fraction S6a of the DEAE-cellulose step was then purified by reversed phase 

chromatography on a Lichrosorb RP-18 column (250x4 mm, Merck, 

Damstadt, FRO) . The column was developed at 1 mllmin with a linear 

gradient of 0-80% acetonotrile in 0.1 % trifluoroacetic acid using a Gilson 

model 303 HPLC system. 

(252 Cf)-PDMS 

Plasma desorption mass spectra were obtained with a DEPIL-(252 Cf)

time of flight mass spectrometer (7) at the Institut de Physique Nucleaire 



3862 LAMTHANH ET AL. 

(Orsay, France). The sample preparation method used is devised by 

Sundquist et al. (8). The peptide solution (10~L) was applied to a 

nitrocellulose target obtained by electrospraying a nitrocellulose solution 

onto an aluminized mylar foil. The nitrocellulose target was allowed to 

absorb the peptide solution (5 min.) and then spin dried. The concentration 

of peptide used for the PDMS analysis was estimated by UV spectra: 

1 ~g/mL to 10 ~g/mL. Therefore, the quantity of the analyzed peptide was 10 

ng to 100 ng for the deposit of 10 ~L. The target was then submitted to 

fission fragment in the mass spectrometer without being rinsed with water. 

The variable time of flight distance was set to 40 cm and the accelerating 

voltage to 15 kV. All spectra were collected for 15 min. in the positive 

mode, although the molecular peaks were clearly identifiable within a few 

seconds. Mass values are calculated from the centroids of time of flight peaks 

( 7 ) . 

Capillary Electrophoresis (CE) 

The separation of the two natural isopeptides and the elution of 

synthetic peptides were carried out on the ABI 270 A-HT apparatus (ABI, 

USA) with a 500 mm x 50 ~m i.d. fused-silica capillary. Samples were 

introduced from the cathodic end of the capillary by 1 s. vacuum injection. 

Peptide solutions were prepared to be about 1 ~g/ mL and the volume of one 

peptide solution injected corresponded approximately to a quantity of 10 ng 

of peptide. UV detection was at 200 nm. Before each run the capillary was 

washed with 1.0 M NaOH for 2 min followed by wash with buffer fOT 5 min. 

Micellar electrokinetic capillary chromatography (MECC) conditions 

were based on the use of a surfactant concentration of 50 mM SDS in running 

buffer of 50 mM sodium tetraborate pH 8 

are described in the legends of the figure. 

Solid Phase Peptide Synthesis 

(9). The experimental conditions 

SPPS was carried out on the automatic synthesizer (ABI 430 A) using 

the Boc-chemistry (10) and the two disulfide bonds were formed seqentially 

by using a specific chemistry: ferricyanide oxidation of Cys3 and Cysl 1 
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(11) and iodine oxidation of Cys(Acm)1 and Cys(Acm)15 (12). Boc-(L)

Trp(For)-Pam-Resin (0.66 mM/g) was used as the starting resin. The linear 

peptide Cys3, II and Cys(Acm)II,15 was cleaved from the resin and purified 

by reversed phase HPLC. The mono-disulfide peptide was obtained after the 

ferricyanide oxidation and HPLC purification steps. The bi-disulfide-peptide 

or SRTX-a was obtained after the iodine oxidation and HPLC purification 

steps. The synthetic peptides were characterized by amino acid analysis , 

PDMS and CEo 

RESULTS AND DISCUSSION 

The mass spectrometry measurements of the purified natural SRTX-a 

displayed one protonated molecule (MH+) observed at m/z 2511.79 

corresponding to the (Thr7)-SRTX-a (m/z calc 2512.90) and other 

protonated molecule (MH+ ) observed at m/z 2497.62 corresponding to the 

(Ser 7)-SRTX-a (m/z calc. 2498.60). The difference in mass (14 a.m.u.) fit in 

with the substitution of one H atom from the serine side-chain by one CH3 

group for the threonine side-chain (Figure 2-A)· Two other peaks with a 

minor intensity at m/z 2466.52 and m/z 2452.37 (difference of 45 a.m.u. 

respectively from the two major peaks) can not be assigned as a product of 

fragmentation from the two previous isoforms. The identity of these two 

peaks was not studied, but we thought that these two MH+ values can likely 

correspond to the isoforms of the respective natural (Thr7)-SRTX-a and 

natural (Ser7)-SRTX-a. 

In the first step, we tried to separate the two natural isopeptides by 

C.E. for bioassay measurements. Classical conditions of separation of (Ser7)

SRTX-a and (Thr7)-SRTX-a by C.E. were not successful. Different conditions 

were extensively investigated in the optimization of the resolution of the two 

natural isoforms: acidic, alkaline buffers, buffer concentration and applied 

voltage. C.E. in micellar conditions (MECC) e.g. in the presence of the 

detergent SDS, enabled the separation of the two components in the natural 

SRTX-a : the (Thr7)-SRTX-a migration time is longer to that of (Ser7 )-SRTX-a 

(Figure 2 B). Two minor peaks at 7.92 min and 7.74 min are observed as in 
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A- (252_Cf)-PDMS of natural SRTX-a purified from the Atractaspis 

engaddensis venom. The synthetic (Ser7)-SRTX-a and (Thr7)-SRTX-a 

positions' on the respective mass spectrum are indicated by the arrows. 

B- CE in MECC conditions of natural SRTX-a purified from the 

Atractaspis engaddensis venom. The synthetic (Ser7)-SRTX-a and (Thr7)

SRTX-a positions' on the respective capillary electrophoregram are indicated 

by the arrows. The experimental conditions are : capillar lenght L=50 cm 

15 kV ; 38 JlA ; borate 50 mM pH 8.0 ; SDS 50 mM . Detector at 200 nm , 

30°C. Samples are dissolved in 4 mM sodium citrate buffer at pH= 2.5. 
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the PDMS spectrum and can be likely assigned as the assumed isoforms of 

(Thr7)-SRTX-a and (Ser7)-SRTX-a (Figure 2B). This separation can be 

considered as the result of a difference in the partitioning of (Ser 7 )/(Thr 7)_ 

SRTX-a into the micelle (9) . At this point, it seems to us that the secondary 

structure of SRTX-a must be taken into account for the partitioning of the 

two isoforms into the micelle. The 6th-7th residues in the SRTX-b lying 

between the 3th-6th l3-turn region and the helicoidal core (8th-15th region) 

are believed to have a l3-sheet preference according to the NMR study of 

the SRTX-b ( 13 ) , an analog of the SRTX-a , peptide which has the same 

sequence from the 1st to the 12th residue ( 4 ). The Ser7 or Thr7 side-chain 

in SRTX-a should be exposed to the solvent and the detergent , which in turn 

facilitates the separation of the two isoforms: the greater the 

hydrophobicity of the side-chain , the longer the migration time (R t ) . The 

recovery of purified sample by CE for further studies is usually not 

quantitative. Therefore, we synthesized the two isopeptides SRTX-a and al. 

The details of the solid-phase peptide synthesis will be published elsewhere. 

Mass spectrometry and the CE migration time of each synthetic isopeptide 

were compared individually to the natural product ( Figure 2 A and B). Each 

synthetic peptide's MH+ and Rt values are exactly at the same values to 

those of the corresponding natural product. The synthetic peptide's 

behaviour in MECC is identical to that of the natural product. 

These CE results in MECC conditions demonstrate the high resolving 

power of the method :1/ good resolution of the 21 residues-peptide which 

differes only by one methyl group ( serine I threonine side-chain ) 

21 need of low quantity of natural product (nanogram scale). Used in 

combination with mass spectrometry, off-line in our study, the CE method 

seems to be ideal for the purification, identification and characterization of 

natural products on a nanogram scale. 

The toxicity of each peptide was then measured. Preliminary results on 

the toxicity of each SRTX ( a and al) show an identical LD50 for both 

peptide (10 nglg b.w. in mice) . This results suggest that the mutation of 

the 7th residue (Thr-Ser) didn't affect the toxicity of the SRTX-a. The 

bioactivity of each isoform is under study. 
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REFERENCES 

1/ E., Kochva, C.c. , Viljoen and D.P. , Botes, Toxicon, 20 , 581, 1982. 

2/ Z. , WolIberg , R. , Shabo-Shina , N. , Intrator , A. , Bdolah , E. , Kochva , 

G. , Shavit , Y. , Oron, B.A., Vidne and S. , Gitter, Toxicon ,26 ,525 ,1988. 

3/ M. , Yanagisawa , H. , Kurihara, S. , Kimur , Y. , Tomobe , M. , Kobayashi , 

Y. , Mitsui, Y. , Yasaki , K. , Goto and T., Masaki, Nature, 322 , 414 ,1988. 

4/ c., Takasaki, N. , Tamiya , A. , Bdolah , Z. , Wollberg and E. , Kochva , 

Toxicon , 26 , 543, 1988. 

5/ F. , Ducancel , V. , Matre , C. , Dupont , E. , Lajeunesse, Z. , Wollberg , 

A., Bdolah, E. , Kochva , J. C. , Boulain and A. Menez, J. BioI. Chern. , 

268 , 3052, 1993. 

6/ Y. , Kloog and M. , Sokolovsky, Trends in Pharmacological Sci. , 

10 , 212, 1989 . 

7/ S. , Della-Negra, C. , Deprun and Y. , Le Beyec, Revue Phys. Appl. , 

21 , 401, 1986. 



ISOFORMS OF NATURAL SARAFOTOXIN-a 

8/ G.P. Jonsson, A.B., Hedin, P.L. Hakansson, B.U.R., Sundquist, B.G.S., Save, 

P.S. , Nielsen, P. , Roepstorff, K.E. , Johansson, J. Kamensky and M.S.L. 

Lindberg, Anal. Chern. , 58 , 1084 ,1986. 

9/ S. , Terabe , K., Otsuka, K. , Ichikawa , A. ,Tsuchiya and T. , Ando, 

Anal. Chern. , 56 , 113 ,1984. 

10/ R.B. , Merrifield, J. Am. Chern. Soc. , 85 , 2149, 1963. 

11/ J.E. Rivier, R., Kaiser, and R. , Gaylean , Biopolymers , 17, 1927 ,1978. 

3867 

12/ D.F. , Veber, Milkowski, J.D., S.L. , Varga, R.G. , Denkewalter ,R.G. and R. 

Hirschman, J. Am. Chern. Soc. , 94 , 5456 , 1972. 

13/ A. , Aumelas , L. ,Chiche ,E., Mahe , D. , Le-Nguyen , P. ,Sizun , 

P. , Berthault and B. , Perly, Neurochem. Int. ,18 ,471, 1991. 

Received: May 27,1994 
Accepted: June 14, 1994 





JOURNAL OF LIQUID CHROMATOGRAPHY, 17(18), 3869-3888 (1994) 

CAPILLARY ELECTROPHORESIS OF ALKALI 
AND ALKALINE-EARTH CATIONS WITH 

IMIDAZOLE OR BENZVLAMINE BUFFERS 

PH. MORIN·, C. FRANCOIS, AND M. DREUX 
Universitl d'Orleans 

Laboratoire de Chimie Bioorganique et Analytique 
URA 499, BP 6759 

45067 Orleans Cldex 2, France 

Abstract 

The separation of alkali, alkaline earth, and ammonium cations in several samples 

of water was achieved by capillary electrophoresis with indirect UV detection. A solution of 

imidazole (10-2 M, pH 4.5) was used as buffer to resolve a mixture of six cations (K+, Na+, 

Ca2+, Ba2+, Li+ and Mg2+) by capillary electrophoresis at 214 nm in less than 10 min. The 

addition of potassium cation to the running buffer has an influence on the resolution of 

Ca2+lNa+ and Na+/Mg2+ peaks. A linear relationship between the corrected peak area and 

concentration was obtained in the 1-10 ppm range for these cations using a hydrodynamic 

injector. This electrophoretic system permitted the separation of these inorganic cations at a 

50 ppb-level concentration with an hydrodynamic injection, thus making it possible to 

quantitatively determine their presence in mineral waters by capillary electrophoresis. 

At pH 4.5, potassium and ammonium unfortunately have identical ionic mobilities 

causing them to comigrate in an imidazole buffer. Using an alkaline solution of benzyl amine 

(10-2 M, pH 9) as carrier electrolyte, their separation can be successfully achieved with 

excellent resolution at 204 nm. 

The analyses of tap water and several mineral waters have been achieved by 

capillary electrophoresis. 
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INTRODUCTION 

Capillary electrophoresis, a recent analytical technique, is currently undergoing 

rapid development owing to its efficiency, high resolution, relative simplicity, UV detection 

with low wavelengths (190 nm), speed and automatization of separations, and low buffer 

consumption. Compared to liquid phase chromatography, one disadvantage, seems to be not 

only a rather weak reproducibility of the electroosmotic flow assuring the migration times, but 

also a lower concentration sensitivity. However, this technique is available not only for the 

separation of inorganic and organic anions and cations but also for the separation of ionizable 

and neutral organic molecules [1]. 

Until today, capillary electrophoresis had been studied more for the analysis of 

anions than of cations. Nevertheless, the analytical approach is similar, in that indirect 

detection is required because of the transparency of inorganic ions in the UV region (except 

for a few inorganic anions such as nitrate and bromide), and the operating conditions such as 

the electroosmotic flow must be in the same direction as the electrophoretic mobility of the 

ions analyzed in order to minimize their migration time. Table I shows some of the articles 

relative to the separation of cations by capillary electrophoresis [2-13]. 

Several types of detectors have been utilized for the separation of cations with the 

two major ones being the indirect UV detector and indirect fluorimetric detector. Initially, 

Aguilar et al. [2] separated the cations Fe2+, Cu2+ and Zn2+ in the form of their cyano 

complexes in capillary electrophoresis; a phosphate buffer (20 mM) was used at pH 7 and 

cation detection was carried out at 214 nm. Then Foret et al. [5] separated fourteen 

lanthanides by capillary electrophoresis using an electrophoretic buffer consisting of an a

hydroxylisobutyric acid as complexing agent and creatinin as the indirect UV detector marker; 

in fact, the similarity between the electrophoretic mobilities of alkali and alkaline-earth, rare

earth and metal cations requires the addition of a water-soluble complexing reagent to the 

electrolyte. The electrophoretic mobility of each cation thus decreases following their 

complexation in-situ by a-hydroxylisobutyric acid and selectivity is largely improved. The 

factors affecting the separation of such cations were studied by Weston et al. [6,7]; the 

complexing agent was also a-hydroxylisobutyric acid and the compound allowing indirect UV 

detection was called UV Cat 1, a proprietary reagent developed at Waters. Very recently, Beck 

et al. [9] firstly proposed a nice alternative way for the separation of several alkali and alkaline 

earth cations by using an imidazole-based electrophoretic buffer and indirect UV detection at 

214 nm. Finally, Swaile and Sepaniak [12] used a laser-based fluorimetric detector to detect 

cations Ca2+, Mg2+ and Zn2+, complexed by 8-hydroxyquinoline-5-sulfonic acid; this 

technique was applied to the detection of Ca(II) and Mg(II) in blood serum. 

In order to use indirect photometric detection and to obtain symmetrical peaks, a 

UV absorbing cationic compound having similar electrophoretic mobility to that of the cations 

analyzed was chosen as main constituent of the buffer; several organic bases were considered 

among which was an aromatic amino (benzylamine) or a heterocyclic azote (imidazole). 
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Table I. A few examples of some inorganic cation separations by capillary electrophoresis. 

Cations 

Zn 2+, Cu 2+ 
Fe2+ 

Au(CN)2-

Ag(CN)2-

A13+ 
AIF2';, AIF2+ 

lanthanides 

alkali 
alkaline-earth 
lanthanides 

lanthanides 

Detection 

Direct UV 
214 nm 

Direct UV 

214 nm 

Indirect UV 
214 nm 

Indirect UV 
220 nm 

Indirect UV 
214 nm 

Indirect UV 
214 nm 

K+, Na+, Ba2+ Indirect UV 
Ca2+, Mg2+, U+ 214 nm 

K+, Ca2+, 
Na+, Mg2+ 

alkali 
alkaline-earth 

Indirect UV 
214 nm 

Indirect 
Fluorimetry 

Mg 2+, Ca 2+ Fluorimetry 
Zn 2+ 

alkali 
alkaline-earth 

Indirect 
Fluorimetry 
"exc = 251 nm 

"emis= 345 nm 

conductimetry 

Electrolyte pH 

phosphate 20 mM 7,0 

NaHC0310mM 9,6 

imidazole 5 mM 3,5 

acetate 30 mM - 4,8 
creatinine- HIBA 4 mM 

UV Cat-1 5 mM 
HIBA 6,5 mM 

4,4 

benzylamine 9 mM 4 , 6 
HIBA4 mM 
CH3COOH 20 mM 

imidazole 5 mM 4,4 

UV Cat-1 5 mM- 4,0 
HIBA 6,5 -4,0 mM 

quinine sulfate 
H2S04 0,58 mN 

HQS- 2,5 mM 

"exc = 325 nm 

Aemis= 425 nm 

Ce(llI) 0,5 mM-
18-crown-6 2.5 mM 

MES 20 mM
histidine 

3,7 

8,0 

6,0 

HIBA: 
HQS- : 

a-hydroxyisobutyric acid 
8-hydroxyquinoline-5-sulfonic acid 

Time 

5 min 

5 min 

5 min 

Sensitivity 

2,82 ~g/mL Au 

3,48 ~g/mL Ag 

10-5 M 

10-7 M 

Ref. 

2 

3 

4 

5 

10 min 0,05-0,1~g/mL 6,7 

0, 1-0,2 ~g/mL 

8 min 8 

10 min 0, 1 ~g/mL 9 

10 min 5 ~g/mL 10 

5 min 0,1-0,5fmol 11 

10 min 0,05-0,6 ~g/mL 12 

7 min 1-3.10-6 M 13 

8 min 2.10-6 M 14 

UVeat 1: UV background-providing component of the electrolyte (Waters product) 
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Several examples of cation separations are presented (K+, Na+, Ca2+, Ba2+, Li+, Mg2+, and 

NH4+) as well as their quantitative analyses. 

EXPERIMENTAL 

Capillary Electrophoresis Materiels 

Different capillary electrophoresis systems were employed for this study; one was 

used in manual mode (Europhor), and the others in automatic mode with a thermostated 

capillary column (Spectra, Beckman). 

Separations carried out on a Spectraphoresis 1000 apparatus (Spectra-Physics, San 

Jose, CA, USA) used a capillary column whose dimensions were 70 cm (or 44) total length, 

63 cm (or 37) from the point of injection to the detector cell, and 50 !lm l.D. Separations were 

achieved at an adjustable temperature (25-40°C) under positive power supply (15-30 kV) with 

a few tenths of microampers. Detector time constant was set at 0.1 s. The hydrodynamic 

injection was achieved in a short time (0.5 or 1 s). Data was kept in an mM PS/2 computer 

model 70 386 using data acquisition software and electrophoretic data manipulation. This 

apparatus also contained a variable wavelength detector which allowed the recording of the 

UV -visible spectrum of the migrating compound. 

Separations carried out on a PlACE 2100 apparatus (Beckman Instruments Inc., 

Fullerton, CA, U.S.A.) equipped with a UV detector with wavelength filters (190, 200, 214, 

254, 260, 280 nm). Fused silica capillaries (Beckman Intruments Inc.) of 75 flID LD. x 375 !lm 

O.D. and 57 cm long (50 cm to the detector) were used. The part of the capillary where 

separation takes place was kept at a constant temperature by immersion in a cooling liquid 

circulating in the cartridge with a detection aperture of 100 !lm x 800 !lm. The solutes were 

injected at the anode end of the capillary in the hydrodynamic mode by azote superpressure 

(0.5 psi). Data were collected using a IWT data acquisition system. Detector time constant 

was 0.1 s and data acquisition rate was 20 Hz. 

Electrophoretic separations carried out on a Prime Vision apparatus (Europhor, 

Toulouse, France) utilized a fused-silica capillary tube with the following dimensions: total 

length, 96 cm; injector-detector length, 65 cm; LD., 75 !lm. Positive power supply (15 to 25 

kV) delivered by a high-voltage generator (Prime Vision V) was applied between the two 

electrodes. The hydrodynamic injection times ranged between 1 and 10 s. The UV-visible 

detector (Prime Vision II) has variable wavelengths. A small section of polyimide was 

removed in order to carry out on-column UV detection with an optical length close to 75 !lm; 

the detection wavelength was set at 214 and 204 nm for the imidazole and benzylamine 
buffers, respectively. The electropherograms were recorded on a Shimadzu C-R 5A integrator 

(Kyoto, Japan). 

The pH of each solution was verified on a Beckman pH meter (Model q,1O, 

Fullerton, CA, USA). The capillary tubing of fused silica was conditioned daily by rinsing 

with a solution of sodium hydroxide 1 N (10 min), then water (10 min), and finally with the 
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electrophoretic buffer (15 min). Between two consecutive analyses, the capillary was rinsed 

with water (3 min) then with the electrophoretic buffer (5 min) to improve reproducibility of 

the electroosmotic flow and migration times of the solutes. 

Reagents and Products 

All chemical products used were of analytical qUality. Imidazole (99% purity) 

was obtained from Sigma (St Louis, MO, USA) whereas the tetrabutylammonium bromide 

(TBABr) (99% purity) and benzylamine (99% purity) were purchased from Aldrich 

(Milwaukee, WI, USA). The water used in the preparation of buffers as well as that necessary 

for dilutions was of HPLC quality (Fisons, Farmitalia, Milan, Italy). The electrophoretic 

buffer pH was adjusted with acetic acid 1M (Carlo Erba, Milan, Italy). Finally, each buffer or 

rinsing solution was filtered before use through a membrane filter having a diameter of 25 mm 

and porosity of 0.2 J.l.Il1 (Whatman, Maidstone, Great Britain). 

RESULTS AND DISCUSSION 

The electrophoretic buffer used for the separation of inorganic cations must 

contain an organic cation (stable within the 4-9 pH range to resolve cations K+ and NH4+' 

particularly), which has an electrophoretic mobility close to that of the inorganic cations to be 

separated in order to obtain symmetrical and efficient electrophoretic peaks, and also an 

intense chromophore group in the UV region. 

The imidazole (or 1,3-diaza-2,4-cyclopentadienyl ring) is a heterocyclic azote 

(pKal = 6.9 and pKa2 = 14.5) whose UV absorption spectrum maximum at pH 4.5 was set at 

21I nm (Fig. I). Moreover, the imidazole cation appears to have an electrophoretic mobility 

close to that of the calcium and sodium cations [9]. By using an imidazole buffer 

concentration of 10-2 M and a pH adjusted to 4.5, a mixture of five inorganic cations (K+, 

Ba2+, Ca2+, Na+ and Li+) was nicely separated in 5 min (Fig. 2); separation voltage was 

equal to +20 kV (current 12 J.lA). The sample injection was carried out at the anodic end of 

the capillary and detection at the cathodic end; the electroosmotic flow (at 10.3 min) was in 

the same direction as the electrophoretic mobility of the cation. The number of theoretical 

plates was fairly high (from 377 000 for Ba2+, 231 000 for Ca2+, 257 000 for Na+ to 102000 

for K+) as mentionned in Table II. The migration order of Na+ relative to Ca 2+ and Mg 2+ 

differs from that reported previously [9] but the buffer has not exactly the same composition. 

Besides, as already been reported, the co-ion buffer concentration may influence the migration 

of the anal ytes. 

Addition of a Cation to the Electrolyte 

A clear separation improvement of the sodium-magnesium cations was observed 

when the K+ cation was added to the electrophoretic buffer (Fig. 3). Fig. 4 shows the 
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Figure 1. On-line UV spectra of selected buffers in the separation of cations by capillary 

electrophoresis. 

1) imidazole ( at pH 4.5); 2) benzylarnine (at pH 9). 

influence of the K+ ions added to the buffer on the resolution of the Ca2+lNa+ and 

Na+/Mg2+ peaks. The resolution of the Ca2+lNa+ peaks decreases for increasing potassium 

concentration added to the imidazole buffer and becomes smaller than 2.0 at potassium 

concentration greater than 10-3 M. At the opposite, the resolution of the Na+/Mg2+ peaks 

increases for increasing potassium concentration in the running buffer. For a concentration of 

K2S04 close to 0.5 mM, the resolution of Na+-Mg2+ was greatly improved, and the 

separation of six cations was completed in less than 5 min (see Fig. Sa). However, the addition 

of a potassium cation to the buffer disturb indirect UV detection of the potassium cation, 

generally present in various samples (mineral water), by causing continually decreasing 

sensitivity loss for K+ cation (Figs. 3a-e) and even a negative peak (Figs. 3d-e). An alternate 

solution would be to add to the electrophoretic buffer a cation not present in the sample to be 

analyzed; for example, the tetrabutylammonium cation added to the buffer at a concentration 

of 10-3 M avoided this detection drawback by maintaining the same resolution of cations 

Ca2+, Na+ and a slightly higher resolution of cations Na+, Mg2+ (see Fig. 5b). 
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Figure 2. Separation of a standard mixture of five inorganic cations by capillary 

electrophoresis with imidazole as carrier electrolyte. 

Buffer, 10-2 M imidazole (pH 4.5); applied voltage, + 19.8 kY; thermostatted capillary 

dimensions, 70 cm x 50 Ilm LD.; wavelength detection, 214 nm; current, 12 IJ.A; 

hydrodynamic injection, 5 s; temperature, 25 cC; cation concentration, 4 ppm. Identification: 

1) K+; 2) Ba2+; 3) Ca2+; 4) Na+; 5) Li+. 

Table II. Electrophoretic parameters of cations. 

Applied voltage, + 19.8 kY; field strength, 283.5 v/cm; electroosmotic flow, 3.59.10-4 cm2/ 

y-1.s-1; experimental conditions: as the Figure 1. 

cation efficiency asymetry factor electrophoretic mobility 

( x 104 cm2. v- i.s- I) 

K+ 102 000 0.29 7.63 

Ba2+ 377 000 0.79 6.18 

ea2+ 231000 0.46 5.74 

Na+ 257 000 0.53 5.25 

Li+ 60 000 5.31 4.17 
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Figure 3. Addition of K+ ions to the imidazole buffer. 
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Applied voltage, + 15 kV; capillary dimensions; 65 cm x 75 !lm I.D.; wavelength detection, 

214 nm; temperature 22°C. Identification: 1) K+; 2) Ba2+; 3) Ca2+; 4) Na+; 5) Mg2+; 6) 

Li+. 

Concentration of K+ cation added to the imidazole buffer (10-2 M, pH 4.5): a) 0 mM; b) 0.25 

mM; c) 0.5 mM; d) 1 mM; e) 1.5 mM 
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Figure 4. Influence of K2S04 concentration added to the imidazole running buffer on the 

electrophoretic resolution of the Ca2+lNa+ and Na+/Mg2+ peaks. 

Buffer, imidazole 10-2 M + K2S04, pH 4.5. Capillary dimensions: 65 cm x 75 !-lm J.D. UV 

detection at 214 nm; hydrodynamic injection time, 3s. a) Ca2+lNa+; b) Na+/Mg2+. 

Some of the experiments must be repeat with coated capillary with lower pH 

buffer or different inorganic and organic cations as buffers additives to gain additional 

insights into the role of cation/silica interactions. 

Separation of Potassium and Ammonium Using Benzylamine Carrier 

The simultaneous separation of anunonium and potassium cations is very useful in 

the analysis of food products or water. Unfortunately, these two cations have nearly identical 

electrophoretic mobilities (at 25 DC, 73.5 and 73.4 mho-cm2/eq for K+ and NH4+, 

respectively), bringing about their comigration with the imidazole buffer (pH 4.5). In an 

alkaline medium, their separation is successful by partially transforming the anunonium cation 

to NH3 (pKa = 9.25). Under these electrophoretic alkaline conditions, the mobility of the 

NH4+ cation decreases and the potassium cation migrates faster than the anunonium; on the 

other hand, the electroosmotic flow increases bringing about a shorter analysis time (see Fig. 

6). The selected buffer chosen was benzylamine (pKa = 9.3) which has an high absorbance in 

the 200-204 nm UV range (Fig. Ib); its concentration was 10-2 M with the pH adjusted to 9. 
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Figure 6. Separation of potassium and ammonium cations by capillary electrophoresis with 

benzylarnine as carrier electrolyte. 

Applied voltage, + 20 kV; thermostatted capillary dimensions, 44 cm x 50 !lm J.D.; 

wavelength detection, 204 nm; temperature, 25°C; hydrodynamic injection time, 2 s; buffer; 

10-2 M benzylarnine (pH 9); solute concentration, 5 ppm. Cations: 1) K+; 2) NH4+; 3) Na+. 

Determination of Electroosmotic Flow 

The electroosmotic flow may be graphically determined by plotting for each 
cation the reciprocal migration time tm(i) versus the equivalent conductance limit A. ~ . Indeed, 

the migration speed of cation i in the capillary zone electrophoresis is expressed by the 

Figure 5. Addition of K2S04 or TBABr to the imidazole buffer 

a) Buffer, 10-2 M imidazole + K2S04 5 10-4 M (pH 4.5); applied voltage, + 25 kV; 

thermostatted capillary dimensions, 70 cm x 50 !lm J.D.; wavelength detection, 214 nm; 

electromigration injection, 5 s at 10 kV; solute concentration, 10 ppm. 

b) Buffer, 10-2 M imidazole + tetrabutylammonium bromide (TBABr) 1.10-3 M (pH 4.5); 

applied voltage, + 25 kV; thermostatted capillary dimensions, 70 cm x 50 !lm I.D.; 

wavelength detection, 214 nm; electromigration injection, 5 sat 10 kV; solute concentration, 

10 ppm. Cations: 1) K+; 2) Ba2+; 3) Ca2+; 4) Na+; 5) Mg2+; 6) Li+ 
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following equation: 

(1) 

where IDep(i) is the electrophoretic mobility of cation i, IDeo the electroosmotic mobility, and 

E is the electric field. The reciprocal migration time may be expressed as a function of the 

electrophoretic mobility IDep(i) following equation 2: 

1 1 m,p(i). V 
--=-+---
tm(i) to L,.Ld 

(2) 

where 4 represents the total column length, Ld the column length from the injector to the 

detector, V the electric voltage, to the migration time of a neutral compound, and tm(i) the 

migration time of cation i. Moreover, the electrophoretic mobility depends on the ionic 

strength 1 of the medium according to the Debye-Hiickel theoretical equation 3: 

1 

m,p (i)=m; (iHo. 23Zi
2 .m;(i)+3 1. 4. 10-5 zJii (3) 

where m;(i) is the electrophoretic mobility of cation i at infmite dilution and Zi its electrical 

charge. Suppose that only the strength of Coulomb and Stokes is exerted on cation i, then its 
equivalent conductance limit A. ~ is directly proportional to the electrophoretic mobility 

according to the Nernst-Einstein relationship 4: 

(4) 

where F is the Faraday constant. For each cation i, we may assume that rIlep(i) was close to 
m;(i) due to the low ionic strength (I = 0.00965) of the imidazole buffer (10-2 M, pH 4.5). 

Thus, the value of time to, and consequently, of the electroosmotic flow can be determined by 
plotting the graph I/tm(i) = f(A.~ .VIF.Ld.4). 

(5) 

According to the experimental data related to the Fig.2 , the reciprocal migration time varies 
linearly with the quantity, A.~.VIF. Ld . 4., (see Fig. 7); the experimental slope is equal to 

0.95 (close to theoretical value unity) and the time to is found to be equal to 9.9 min from the 
original ordinate value. The equivalent conductance limits A. ~ of alkali and alkaline-earth 

cations are sufficiently different for their separation to be achieved in free solution [15] as 

shown in Fig. 2. Migration times decrease with the equivalent conductance limit, according to 
the following decreasing migration time order for the cations: potassium (A. K. = 73.5 rnho-
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Figure 7. Determination of the electroosmotic flow plotted against the inversed migration 
time [tm(i)] of each cation as a function of A~VlFLdLt, where A~ is the equivalent 

conductance limit (mho-cm2/eq) of the cation i, Lt the total column length (cm), Ld the 

column length from the ~ector to the detector (cm), V the electrical voltage, and tm(i) the 

migration time of the cation (i), 

Buffer, imidazole 10-2 M, pH 4.5. Capillary dimensions: 70 cm x 50 Ilm l.D; UV detection, 

214 nm; hydrodynamic injection, 3 s; applied voltage, + 24.8 kV; temperature, 40°C; 

concentration of cations, 10 ppm, 
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cm2), baryum (A. Ba" = 63.6), calcium (A. Ca'. = 59.5), magnesium (A. Mg'. = 53.1), sodium 

(A. Na. = 50.1), and finally lithium (A. Li. = 38.7). However, magnesium having the slowest 

migration time compared to that of sodium is contradictory to the order of their respective 

equivalent conductance limits unless we suppose a possible complexation of these cations by 

imidazole or a strong interaction of magnesium with the silica [11]. 

Dependence of Efficiency versus Injection Time and Solute Concentration 

As would be expected for a capillary separation technique, the capacity of 

capillary electrophoresis is limited. The efficiency of the electrophoretic peaks was 

determined for these cations analyzed in different experimental conditions with a no

thermos tatted capillary. The experimental influence of the injected cation concentration and of 

the hydrodynamic injection time on the number of theoretical plates, N, were studied with the 

imidazole buffer (10-2 M, pH 4.5). 

Fig.Sa shows the plots of the relative number of theoretical plates NlNmax as a 

function of cation concentration for sodium and lithium (NlNmax is the highest number 

observed for a concentration of 1 mgIL). The separation voltage (+12 kV) and the 

hydrodynamic injection time (2 s) were kept constant while the cation concentration varied 

fromI I J.lg/mL to 10 J.lg/mL. The highest efficiency (200 300 for sodium and 177 100 for 

lithium) was observed at the lowest injected concentration. A notable decrease in efficiency 

was observed with the concentration (Fig.S), as already mentionned by ROW [16]; thus, there 

were a decrease in the number of theoretical plates for sodium peak (from 200 300 to 110 

200) and for lithium peak (177 100 to 55 000) when the cation concentration rises up from 1 

to 10 J.lg/mL 

Just as, with a constant concentration, an increasing injected volume brings about 

a loss in efficiency of the electrophoretic peaks (see Fig. Sb); thus there was a 47% decrease in 

the number of theoretical plates for sodium peaks (from 175 000 to 93 000) when the injection 

time was increased from I to 5 s for a concentration of 1 ppm. This study confirms the rather 

limited column capacity in free zone electrophoresis. 

Quantitation 

By using hydrodynamic injection, the sample curves linking the corrected surface 

variations of the electrophoretic peaks to the analyzed cation concentrations are plotted for 

cations K+ and Nli4+, Na+, Ca2+ and Mg2+ (Figs. 9a, 9b). The calibration curves were 

determined with either an imidazole buffer 10-2 M, pH 4.5 (experimental conditions: voltage, 

+IS kV; hydrodynamic injection time, 3 s), or with a benzylarnine buffer 10-2 M, pH 9.0 

(experimental conditions: voltage, +24 kV; hydrodynamic injection, 10 s). The linear 
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Figure 8. Effect of injected solute amount on peak efficiency. 

a) at constant hydrodynamic injection time (2 s); 

b) at constant solute concentration (10 ppm). 

Buffer, imidazole 10-2 M (pH 4.5); capillary, 65 cm x 75 ~ I.D; UV detection at 214 nm; 

hydrodynamic injection, 3 s; applied voltage, + 18 kV. 
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Figure 9. Relationships between concentrations (ppm) of the cations and corrected peak areas 

(arbitrary units). 

a) buffer, imidazole 10-2 M (pH 4.5); capillary, 65 cm x 75 11m I.D.; UV detection at 214 nm; 

hydrodynamic injection, 3 s; applied voltage, + 18 kV. b) buffer, benzylamine 10-2 M (pH 

9.0); capillary 65 cm x 75 /lffi 1.D.; detection at 204 nm; hydrodynamic injection, 10 s; applied 

voltage, + 24 kV. 

regression coefficients were equal to 0.999 for K+ and NH4+. Using a longer hydrodinamic 

injection time, the separation of a 50 ppb-Ievel cation mixture may be achieved without any 

resolution loss (Fig. 10). 

Analysis o/mineral Waters 

Fig. lla shows the capillary electrophoresis separation of alkali and alkaline-earth 

cations found in tap water using an imidazole buffer (10-2 M, pH 4.5). The electrophoretic 

peaks correspond to potassium, sodium, calcium and magnesium, respectively. Generally, the 

alkali cations Na+, Ca2+, and Mg2+ present in mineral waters are of very different quantities 
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Figure 10. Separation of sub-ppm level cation mixtures by capillary electrophoresis, 
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Buffer, 10-2 M imidazole (pH 4,5); applied voltage, + 10 kV; thermostatted capillary 

dimensions, 57 cm x 75 J.lm I.D.; wavelength detection, 214 nm; current, 7 J.lA; hydrodynamic 

injection, 20 s (except for 5 s for 4 ppm); temperature, 25°C. Identification: 1) K+; 2) Ca2+; 

3) Na+; 4) Li+. 

Cation concentration: 50 ppb. 

which make the quantitative analysis less accurate, especially in the case of the sodium cation. 

An alternative solution to maintain the resolution would consist by adding TBABr (Fig. lIb) 

or methanol to decrease the EOF value (Fig. llc) to the electrolyte; the resolution of the 

Ca2+lNa+ and Ca2+/Mg2+ peaks is improved at the small expense of an increase in analysis 

time. In particularly, Fig. llc shows the analysis of mineral water by capillary electrophoresis 

using an imidazole buffer (10-2 M, pH 4.5) with 20% CH30H; the concentration ratio was 

nearly 70 between Ca2+ and Na+, and 12 between Na+ and Mg2+. 

CONCLUSION 

The separation of alkali (sodium, potassium) and alkaline-earth (magnesium, 

calcium, barium) cations and also ammonium cation was achieved by capillary electrophoresis 
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Figure 11 Separation of inorganic cations by CE in several waters. 

a) Tap water; applied voltage, + 30 kV; thermostatted capillary dimensions 44 cm x 50 Ilm 

l.D.; wavelength detection, 214 nm; hydrodynamic injection time, 0.5 s; buffer 10-2 M 

imidazole (pH 4.5). 

b) Mineral water; buffer, 10-2 M imidazole + TBABr 5.10-3 M (pH 4.5); applied voltage, 10 

kV; capillary dimensions, 44 cm x 50 Ilm l.D.; wavelength detection, 214 nm; hydrodynamic 

injection time, I s. 

c) Mineral water; buffer: 10-2 M imidazole + TBABr 10-3 M (pH 4.5) + 20% methanol; 

applied voltage, 8 kV; capillary dimensions, 44 cm x 50 Ilm l.D.; wavelength detection, 214 

nm; hydrodynamic injection time, 1 s; temperature, 4Q°C. 

Cations: 1) K+; 2) Ca2+; 3 Na+; 4) Mg2+. 
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using imidazole- or benzyl amine-based electrophoretic buffers (pH 4.5 or 9.0, respectively) 

allowing indirect UV detection with carrier electrolytes. 

Using an imidazole buffer (10-2 M, pH 4.5), the separation of cations K+, Na+, 

Ca2+, Mg2+, Ba2+ and Li+ was carried out in a few minutes with excellent resolution (in 

particular for the Na+/Ca2+ couple). 

The separation of cations K+ and NH: is possible using an alkaline 

electrophoretic buffer (pH 9.0) in order to decrease the electrophoretic mobility of the 

ammonium cation, hence differentiating it from the potassium cation. 

The advantage of capillary electrophoresis over other separation techniques comes 

from its simple equipment, the use of a constant composition buffer and analysis speed 

compatible with routine analyses (especially for mineral waters). 
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ABSTRACT 

The separation of anions was performed by capillary zone 
electrophoresis with indirect UV detection. optimum conditions 
for the separation of 12 anions, including the concentration of 
electroosmotic flow modifier, the concentration of the UV 
absorbing component and the pH etc. were obtained. This method 
was applied for the determination of anions in different water 
samples. The relative standard deviations for the analysis of 
anions were in the range of 1.2 to 6.9 percent. The detection 
limits were from 0.12 to 0.84 ppm for the 12 anions. 

INTRODUCTION 

Ion chromatography (IC) has been widely used to separate and 

analyze anions since it was introduced into the field of 

chromatography [1]. The most often and successful application of 

IC is to separate strong acid anions with conductivity detection 

[2]. simultaneous separation of both strong and weak acid anions 

requires gradient elution to increase peak capacity [3] because 

of large affinity differences between the strong and weak acid 

anions to the ion exchange resin. Restrictions have resulted 

3889 
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from the specific columns and system complexici ty. Inadequate 

selectivity and efficiency are also potential problems in some 

applications [1-2]. 

Capillary zone electrophoresis (CZE) is a relatively new 

separation method, which is based on the electrophoretic 

migration of the solutes. CZE has been widely used to separate 

ionic species with much better efficiency than HPLC and IC. The 

early application of CZE for the separation of inorganic anions 

was hampered mainly by the lack of universal detectors. A few 

studies have been performed using conductivity detector [4-6]. 

In the past few years, great progress has been made in the 

separation of inorganic anions using CZE method with indirect 

detection. The applicability of indirect detection for CZE has 

been discussed [7,8]. Some works dealing with the separation of 

organic and inorganic anion have been reported [9-19]. Because 

of the great influence of electroosmotic flow (EOF) on CZE 

separations [20], it is often necessary to use EOF modifier to 

control the EOF and to achieve optimal separation. Excellent 

separations of anions have been performed by Jones and coworkers 

[11] using chromate-based electrolyte systems. Optimal conditions 

for the separation of inorganic and organic anions have been 

discussed, but the detailed conditions and the EOF modifier were 

not revealed due to commercial reasons. Another excellent study 

performed by Harrold et al [15] reported on the separation of 

anions using pyromellitic acid as the UV background providing 

component and alkyl amine as the EOF modifier. 

This paper presents results for the separation of anions using 

a chromate buffer system with cetyltrimethylammonium bromide as 
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EOF modifier. The optimum conditions for the separation of 

organic and inorganic anions were determined. The CZE method 

developed was applied to the determination of anions in various 

water samples. 

EXPERIMENTAL 

Chemicals and materials 

Ca 10 mg/ml stock solutions for individual anions were prepared 

by dissolving a single weighed amount of analytical or better 

grade sodium or ammonium salt of the anions in deionized water. 

standard mixtures at ppm level were prepared by stepwise dilution 

of the stock solutions fresh daily. Potassium chromate, used as 

the UV background-providing compound and electrophoresis buffer, 

was of analytical grade and was obtained from Aldrich (Milwaukee, 

WI, USA). 14.2 roM cetyltrimethylammonium bromide (CTAB) (Aldrich) 

solution was prepared by dissolving 0.1293 gram of analytical 

grade salt in 25 ml water. All solutions were prepared using 18 

Mn water from a Millipore water purification system. All other 

chemicals and reagents were analytical or better grade. The 

electrophoresis buffer was prepared from 0.58 M chromate and 14.2 

roM CTAB stock solutions daily by stepwise dilutions. CTAB was 

used as an electroosmotic flow modifier to reverse the 

electroosmotic flow, so that an electroosmotic flow direction 

from the cathode to anode was obtained. 1:10 (v/v) high purity 

nitric acid and 100 roM sodium hydroxide were used to adjust the 

pH of the electrolyte in the pH study. All the buffers were 

passed through 0.45 ~m membrane filters and degassed by 

ultrasonication prior to use. 
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Instrument:at:ion 

A home-made capillary electrophoresis system was used for the 

present investigation. A Spellman model RHR30PNlO/RVC high 

voltage supply with reversible polarity and a maximum capacity 

of 30 kV was employed. A model UVIS 20 UV detector (Carlo Erba 

Instruments, Italy) and a piece of fused silica capillary tube 

of 550 rom total length and 450 rom effective length (from the 

injection end to the detection window) with 50 J.lm Ld., were used 

to perform the separation and determination of anions. On-line 

detection was carried out through a window by burning off 2 rom 

of poly imide coating from the capillary tube. Indirect UV 

detection was performed at 254 nm throughout the experiments. 

Samples were introduced into the column hydrodynamically by 

raising the sample vial to a height of 10 cm for 20 or 30 

seconds. Samples were introduced into the capillary either from 

the cathode end when negative polarity power was applied or from 

the anode end when positive polarity was used. Electropherograms 

were recorded and processed with a Carlo Erba model PDP 700 

integrator. The tap and rain water was passed through a 0.45 J.lm 

filter before injection. The mineral water samples were obtained 

from a supermarket and used for the determination without 

pretreatment. 

RESULTS AND DISCUSSION 

Separat:ion of anions wit:h CZE under different: elect:roosmot:ic flaw 

When positive polarity power was used to separate anions, no 

peaks were recorded in the electropherograms except for the water 

peak. This could be explained by the fact that the 

electrophoretic flows for anions were in opposite direction to 
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and faster than the electroosmotic flow. In the case that the 

anions were injected from the anodic end, they could reach the 

detection cell only when electroosmotic flow overcomes the 

electrophoretic flows. Since simple anions have relatively large 

charge to radius ratios, their electrophoretic flows were greater 

than the electroosmotic flow and hence they would not migrate 

towards the detector. This is unlike the cases in most CE 

separations where the electroosmotic flow tends to be great than 

the electrophoretic flows [21]. 

When the polarity of the power supply was reversed, anions could 

reach the anode since their electrophoretic flows were greater 

than the electroosmotic flow. In such a CZE configuration, of the 

12 anions injected into the column, i. e. thiosulphate, bromide, 

chloride, sulphate, nitrite, nitrate, molybdate, citrate, 

fluoride, phosphate, carbonate and acetate, the first eight 

anions were detected and separated within 24 min. The separation 

is illustrated in Figure lA. The other anions could not reach the 

detection window within 1 hour, probably because the 

electrophoretic flows of these anions were slower than but close 

to and in opposite direction to the electroosmotic flow (if their 

electrophoretic flows were much slower than the electroosmotic 

flow, these anions would be expected to be detectable in a 

positive polarity CZE configuration [21]), and hence very slow 

migrations of these anions were expected. To speed up the 

migration of these anions, CTAB was added to the electrolyte 

buffer to modify the electroosmotic flow. CTAB concentration was 

found to affect the migration times of the anions significantly. 

Figure lB and lC show the separation of anions at different CTAB 

concentrations. At CTAB concentration of 2.0 X 10-5 M, 10 peaks, 
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Figure 1. eZE separation of anions at different eTAB 

concentrations. (A) eTAB = 0 (B) eTAB = 2.0 X 10-5 M (e) eTAB = 

6.2 X 10-5 M. ero4
2- = 5.8 roM; pH = 8.5; 20 kV. eE column, 550 mm 

X 50 ~m i.d. fused silica capillary column (effective length 450 

mm). Peak identification. 1 = thiosulphate, 2 = bromide, 3 = 

chloride, 4 = sulphate, 5 = nitrite, 6 = nitrate, 7 = molybdate, 

8 = citrate, 9 = fluoride, 10 = phosphate, 11 = carbonate, 12 

acetate. 



ANIONS IN WATER SAMPLES 3895 

Le. the eight peaks obtained in Fig. 1A and fluoride and 

phosphate, were detected within 25 min and the migration times 

for all the anions were shortened. At this CTAB concentration, 

the water peak, used as a marker of the electroosmotic flow, 

could not be detected in the electropherogram. This indicated 

that the EOF direction was still from the anode to the cathode, 

although its speed was hindered by the added CTAB cations which 

resulted in partial masking of the negative charges of the 

silanol group on the inner wall of the capillary tube. When CTAB 

concentration was further increased to 6.2 X 10-5 M, all the 12 

anions could reach the detection cell, al though 3 pairs of 

anions, i.e. thiosulphate and bromide, sulphate and nitrite as 

well as fluoride and phosphate, overlapped due to the fast but 

reversed electroosmotic flow (Fig. 1C). In Fig. 2, the effect of 

CTAB concentration on the migration times of the anions is shown. 

It can be seen that the migration times of the anions were 

greatly shortened by increasing the CTAB concentration to above 

4 mM. In subsequent experiments, a CTAB concentration of 4.8 X 

10-5 M was used to modify the electroosmotic flow and 

satisfactory separation for the 12 anions was achieved. 

The influence of CTAB concentration on the migration times of 

anions could be explained as follows. At low concentrations of 

CTAB, the EOF was hampered by the added CTAB cations which 

reduced the negative charges of the silanol groups on the 

capillary tube. It was then reversed by the further increases in 

the CTAB concentration due to the positive charges of CTAB, and 

finally the reversed EOF reached a maximum when the capillary 

surface was completed covered by CTAB. This process resulted in 

the greatest increase in the migration velocities for the anions 
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Figure 2. Effect of CTAB concentration on the migration times 

of anions. conditions as in Fig. 1. 

at low concentration of CTAB in buffer (see Fig. 2), and the 

increase in the migration velocities at higher concentrations was 

not so remarkable once the EOF reached a maximum when the surface 

of the silica capillary was saturated with CTAB. 

Effects of chromate concentration on the separation of anions 

The effect of chromate on the separation of anions could be 

attributed to two aspects. The first consideration is the UV 
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detection, which requires a low chromate concentration to achieve 

high sensitivity in the indirect uv mode. This is becasue the 

noise level in an indirect uv system is proportional to the 

concentration of the UV background-providing component [20]. In 

addition, chromate concentration affects the ionic strength of 

the electrophoresis buffer. A high chromate concentration 

increases the current passing through the column, resulting in 

a high noise level due to inadequate dissipation of the Joule 

heat. For these reasons, the chromate concentration should be 

kept low. On the other hand, a decrease in chromate concentration 

results in a decrease in the efficiency of displacement of the 

background ions by the sample ions [7], which is a function of 

the ratios of the analyte to the UV background component. As a 

result, a low sample loading capacity and narrow linear dynamic 

range would be expected [15]. Furthermore, if the concentration 

of chromate is too low, a decrease in the peak efficiency would 

be obtained, since the CZE efficiency is expected to increase 

with an increase in ionic strength [22], provided that effective 

heat dissipation can be achieved. Figure 3 shows the influence 

of the concentration of chromate on the migration times of the 

anions. The migration times of the anions increased with an 

increase in the concentration of chromate due to the slower EOF 

at higher chromate concentration. 

From Fig. 3, the optimum concentration of chromate for the 

separation of the anions could be found. Although the separation 

for anions was generally improved at higher chromate 

concentration, particularly for fluoride and phosphate, as well 

as for sulphate and nitrate, at chromate concentration of 11.8 

roM, the peaks for thiosulphate and bromide overlapped. Figure 4 
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Figure 3. Effect of chromate concentration on the migration times 

of anions. CTAB = 4.8 X 10·S M. Other conditions and peak 

identifications as in Fig. 1. 

shows the electropherograms of anions at three different 

concentrations of chromate. It can be seen that the resolution 

and sharpness of the peaks were significantly affected by changes 

in the concentraction of chromate. In the present work, chromate 

buffers at concentrations in the range of 5.8 to 8.2 mM was used 

as electrophoresis buffers for the separation of anions which 

provided reasonably good efficiencies and sensitivities. 
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Peaks in (A) were not identified, and peak identification in (8) 

and (e) as in Fig. 2. 
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Effect; of pH of t;he elect;rolyt;e buffer on t:he separat;ion of 

anions 

The migration times of anions decreased with an increase in pH 

in the pH range of 7 to 12, mainly due to the slower 

electroosmotic flow at lower pH (Figure 5). This observation was 

consistent with an earlier investigation [9]. The 12 anions could 

be separated within the pH range of 6.5 to 11.5, but bromide 

comigrated with thiosu1phate at pH 11.5 or higher. The migration 

order for strong acid anions was not changed in this pH range. 

However, the migration times for the weak acid anions, i. e. 

carbonate, phosphate and acetate, were affected significantly by 

changes in pH. This could be explained by the fact that these 

anions were progressively protonated as the pH of the 

electrophoresis buffer was decreased. As a result, their 

electrophoretic velocities became slower since the migration 

rates of the anions were mainly controlled by the charge to anion 

size ratio. Fluoride and phosphate, which overlapped with each 

other at pH higher than 11.5 due to the fast migration of the 

completely ionized phosphate at high pH, could be separated 

completely at lower pH. Migration rate of carbonate increased 

remarkably at pH higher than 9.5, and it migrated ahead of 

phosphate, fluoride and citrate and just after molybdate at pH 

11.5. The migration time for acetate was relatively long in the 

pH range of 6.5 to 8.5. Figure 6 illustrates the separations of 

anions at pH 9.5 and 12.0. Since a pH value lower than 6.5 was 

not applicable because of the change of chemical form of 

chromate, and pH higher than 12.5 resulted in very noisy 

baseline, in this investigation, the pH range 7.5 to 10 was used 

to perform the determination of anions in water samples. 
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Figure 5. Effect of pH on migration times of anions. CTAB = 4.8 

X 10-5 M, cro/- = 5.8 mM. Other conditions and peak identification 

as in Fig. 1. 

Figure 7 illustrates a typical CZE separation of 12 anions using 

the optimal conditions obtained above. 12 anions were separated 

within a migration time window of 89 seconds. 

APPLl:CATl:ONS 

To demonstrate the usefulness of the CZE method developed, 

analyses of a variety of samples were performed. The 
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Figure 6. Separation of anions at different pH values. (Al pH 
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electropherograms obtained are shown in Figure 8 to Figure 12. 

Result of the quantitative analysis are included in Table 1 and 

II. 

Figure 8 is an electropherogram of anions in tap water obtained 

using an applied voltage of 25 kV and a buffer containing 8.2 mM 

chromate as the UV absorbing component. Four anions, i.e. 

chloride, sulphate, nitrate and carbonate, were identified by 

spiking the sample with standards, and an unknown peak was 

observed. Figure 9 shows the CZE separation of anions in a 

commercial mineral spring water. In this and subsequent 
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Figure 7. Typical CE separation of anions using the optimal 

conditions. Peak identifications as in Fig. 1. 
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Figure 8. Electropherogram of anions in tap water. peak 

identification: 1 = chloride, 2 = sulphate, 3 = nitrate, 4 = 

carbonate, 5 = unknown. Other conditions as in Fig. 7. 
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Figure 9. Electropherogram of anions in mineral spring water 

"Evian". 1=chloride; 2=sulphate; 3=nitrate; 4=bicarbonate. CZE 

conditions: 8.2 mM Chromate, 4.8 X 10-5 M CTAB, 25 KV applied 

voltage. Other conditions as in Fig. 1. 
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Figure 10. Electropherogram of anions in mineral spring water 

"Amust". l=chloride, 2=sulphate, 3=nitrate, 4=bicarbonate. CZE 

conditions as in Fig. 9. 

determinations, the applied voltage was 30 kV and a buffer 

containing 8.2 roM chromate was used to separate the anions. Very 

fast separation and high efficiencies for anions were obtained. 

Figure 10 is the electropherogram for anions in another mineral 

water sample, the concentrations of anions in the sample in 

Figure 10 are lower than those in sample in Figure 9. Figure 11 

presents the separation of anions in a rain water sample. 



3906 

4 

2 

3 , 

MIGRATION TIME IMIN. 

I 
o 

LIAND LI 

Figure 11. Electropherogram of anions in rain water sample. 

l=chloride, 2=sulphate, 3=nitrate, 4=carbonate. CZE conditions 

as in Fig. 9. 
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Figure 12. Electropherogram of anions in Pepsi-cola. l=phosphate. 

Other conditions as in Fig. 9. 
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Table I. Analytical Results of anions in water samples. 

Concentration (ppm) 
CI- SO/- N03- C03

2-
1. tap water: 
Measured value 32.3 31.0 5.0 
R. S. D. (%) 3.6 4.5 2.7 

(n=4) (n=3) (n=4) 

2. Mineral water "Evian": 
Reference value 4 10 1 357 
Measured Value 4.9 8.17 1.25 407 
RSD (%) 1.2 1.6 4.3 2.4 

(n=3) (n=3) (n=3) (n=3) 

3. Mineral water "Amust": 
Reference value NA 0.94 0.11 59.1 
Measured value 4.0 1. 24 ND 59.1 
RSD (%) 1.4 6.5 2.8 

(n=4) (n=3) (n=3) 
4. Rain water 
Measured value 0.83 0.53 ND ND 
RSD (%) 6.9 6.1 

(n=3) (n=3) 
5. Pepsi-cola 
Measured value 
RSD (%) 

*: Chemical forms for carbonate and phosphate were not 
determined 

NA: not available 
ND: not detected 
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P04
3-

NA 
NA 

NA 
ND 

ND 

1052 
5.62 

(n=3) 

Table II. Detection limits of anions using CE method (ppm)·. 

thiosulphate 
bromide 
chloride 
sulphate 
nitrite 
nitrate 
molybdate 
citrate 
fluoride 
phosphate 
carbonate 
acetate 

0.84 
0.50 
0.17 
0.16 
0.42 
0.25 
0.80 
0.55 
0.13 
0.14 
0.27 
0.37 

.: based on 23.5 nl injection 
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Sulphate was quantitatively determined. It is suggested that the 

CZE method adopted here could be used for the monitoring of other 

anions of environmental interest. Figure 12 is the 

electropherogram of a soft drink (Pepsi-cola) after 40 times 

dilution. Phosphate was identified and quantitatively determined. 

Table I summarizes the analytical results for the determination 

of anions in water samples with the CZE method. In Table II, the 

detection limits of the anions are listed. The detection limits 

were below 1 ppm, and are comparable to those typically obtained 

by ion chromatography (IC). 

The results obtained in the present experiments showed that CZE 

provides a rapid and reliable method for the determination of 

anions in aqueous samples. Determination of anions in many 

different matrices can be readily carried out without the need 

to perform extensive sample preparations. 
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M. G. QUAGLlAl ., A. FARINA2, F. KlLAR3, 
S. FANALI4, E. BOSSiJl, AND C. DELL'AQUlLAl 

lDipartimento Studi Farmaceutici 
University of Rome "La Sapienza" 
P.le A. Moro 5, 00185 Rome, Italy 

2Istituto Superiore di Sanitd 
V.le Regina Elena 269, 00161 Rome, Italy 

3 Central Research Laboratory 
Medical Schoo~ University of Pees 

Szigeti ut 12, H-7643 Pees, Hungary 
4Istituto di Cromatografia del C.N.R 

Area della Ricerca di Roma 
c.P. 10, 00016 Monterotondo Scalo, Rome, Italy 

ABSTRACT: 

High performance capillary electrophoresis was applied to analyse FCE 
23762, a new antracycline analogue (doxorubicin derivative) with anti-tumor 
activity. It has been shown earlier that a FCE 23762 sample may contain two main 
impurities, one of the optical isomers of FCE 23762 and the most probable 
degradation product, adriamycinone. The pharmacologically active compound and 
its diastereomer were resolved in free zone electrophoresis experiments. 
Adriamycinone, a neutral compound, is baseline separated from the other two 
(cationic) compounds by micellar electrokinetic chromatography. The use of two 
different separation methods was advantageous for an efficient and sensitive 
analysis for the synthetic product ofFCE 23762. 
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INTRODUCTION 

Anthracycline antibiotics are chemotherapeutic agents with significant anti

tumor activity. Besides doxorubicin and daunorubicin a large number of analogue 

compounds have been synthesized with the aim to fmd anti cancer drugs with 

improved efficacy and minor toxicity. The clinical use of doxorubicin and other 

related compounds in cancer diseases, e.g., acute leukaemia, lymphoma and solid 

tumor, has been approved (1-5). The emergence of the resistance against these 

drugs observed in experimental conditions as well as in patients, however, initiated 

further research to develop (synthesize) new analogues. Among those, the class of 

morpholino anthracyclines and particularly a new compound, 3'-deamino-3'-[2-

(S)-methoxy-4-morpholino]-doxorubicin (laboratory code FCE 23762), 

maintained good effect on doxorubicin-resistant tumor cells (6). FCE 23762 is a 

derivative of doxorubicin with a modified daunosamine moiety in position 3' 

synthesized and studied in the Chemical Research and Development Department 

of Farmitalia - Carlo Erba (Milan, Italy). 

Figure 1. shows the structures of 3'-deamino-3'-[2-(S)-methoxy-4-

morpholino]-doxorubicin (I, code: FCE 23762), 3'-deamino-3'-[2-(R)-methoxy-4-

morpholino]-doxorubicin (ll, named in this paper as "R-isomer") and 

adriamycinone eill). The "R-isomer" might appear as synthetic impurity in a FCE 

23762 sample together with adriamycinone which is the most probable 

degradation product of both, FCE 23762 and "R-isomer". 

The high toxicity and easy degradation of the doxorubicin derivatives 

require sensitive and selective analytical methods to perform stability tests and 

drug monitoring in biological fluids. HPLC techniques have been used widely for 

the analyses of anthracyclines (7-13), and among them two specific methods have 

been developed for stability studies of FCE 23762 and for its determination in 
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FIGURE 1. Chemical structures of (I) 3'-deamino-3'-[2-(S)-methoxy-4-morpholi
no ]-doxorubicin, (ll) 3'-deamino-3'-[2-(R)-methoxy-4-morpholino ]-doxorubicin 
and (Ill) adriamycinone. 

plasma (11,12). Some of the HPLC methods (13), however, showed low 

efficiency. 

High performance capillary electrophoresis (HPCE) has also been.employed 

to analyse daunorubicin, doxorubicin and epirubicin in human plasma (14). Since 

HPCE is a promising new separation method, providing high efficiency and 

sensitivity within short analysis time, we applied capillary electrophoretic methods 

for the determination ofFCE 23762 and its related compounds. 

EXPERIMENTAL 

Chemicals 

Samples (reference standards) ofFCE 23762, "R-isomer" and adriamycinone 

were kindly supplied by the Chemical Research and Development Department of 
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Farmitalia - Carlo Erba (Milan, Italy). The purity of the FCE 23762 sample 

(considered as reference standard), attested by the Department, was: 3'-deamino-

3'-[2-(S)-methoxy-4-morpholino]-doxorubicin 90.0 %, water 7.0 %, 3'-deamino-

3'-[2-(R)-methoxy-4-morpholino]-doxorubicin 1.6 %, adriamycinone 0.4 % and 

unknown impurities 0.8 %. 

Double distilled water was used for the separation of the electrolyte and the 

sample solutions. All common chemicals (acetic acid, sodium hydroxide, 

acetonitrile, etc.) were purchased from Merck. The solutions were degassed and 

kept at room temperature during the working day. 

Stock solutions of the samples were prepared in water and diluted to the 

appropriate concentration before the electrophoretic analyses. 

Capillary electrophoresis 

Capillary zone electrophoresis (CZE) was performed in sodium phosphate 

(pH 2.5, 5.0, 6.0 or 7.0) or sodium acetate buffer (PH 4.2 or 5.0) without or with 

CH3CN, as organic additive. Micellar electrokinetic chromatography (MEKC) 

experiments were made in a 15 mM phosphate - 6 mM borate buffer (PH 7) 

containing 20 mM SDS. 

The analyses were carried out with a Spectra Phoresis 1000 Instrument 

(Thermo Separation Products, San Jose, CA, USA), equipped with a 

multiwavelength UV-VIS detector. Separations were performed in a CElect FS75 

(75 11m ill) bare fused silica capillary (Supelco, Bellefonte, PA, USA) with a total 

length of 42 cm and effective length of 34 cm. Capillary conditioning were done 

every day (washing with 0.1 M NaOH for 30 min) and before every runs (washing 

with 0.1 M NaOH for 2 minutes, with water for 2 min and with background 
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electrolyte for 3 min). The samples were applied with vacuum for 1.S s or 2 s (ca 3 

nlls). The temperature of the capillary cartridge was kept at IS °C in the zone 

electrophoresis and 2S °C in the micellar electrokinetic chromatography 

experiments. 

The SpectraPhoresis 1000 equipment was controlled and the data were 

evaluated with the SpectraPhoresis CE v.1.0SB software (Thermo Separation 

Products). The samples were identified either with spiking or with the help of their 

spectra obtained by the multiwavelength detection. 

RESULTS AND DISCUSSION 

The purpose of this study was to obtain a fast capillary electrophoresis 

method to analyse the homogeneity and purity of FCE 23762, a new doxorubicin 

derivative with anti-tumor activity. In the synthetic procedure of FCE 23762 two 

other compounds might cause inhomogeneities, the "R-isomer", and a degradation 

product, adriamycinone (see Fig. 1). We have investigated the effect of separation 

mechanism (zone electrophoresis and micellar electrokinetic chromatography), pH 

and organic additive (modifier) in the background electrolyte on the resolution of 

the above three compounds. 

The samples obtained from Farmitalia - Carlo Erba were considered as 

reference standards. At the same time, however, they were also regarded as 

"unknown" samples to be characterized by electrophoretic runs, because it was 

attested by the producer, that FCE 23762 sample contains also "R-isomer" and 

adriamycinone as impurities. The other two samples were not characterized in 

details by the supplier. In the electrophoretic experiments, therefore, mixtures of 

the samples (containing high amount of each compounds) were used to find 
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optimal conditions for the separations, but afterwards the stock solutions of the 

samples were investigated in the conditions, where the components had been best 

resolved. 

FCE and "R-isomer" migrate in electric field as cations, while 

adriamycinone is a neutral compound. The separation of the two diastereomers, 

FCE 23762 and the "R-isomer", does not need, in principle, a chiral selector 

because they have different physico-chemical properties and therefore they could 

migrate with different electrophoretic mobilities. For resolving these compounds 

we used zone electrophoresis experiments in different buffer systems, such as, 

sodium phosphate at pH 2.5, 5, 6 or 7 and sodium acetate at pH 4.2 or 5.0. For the 

improval of the resolution different concentrations of acetonitrile, as organic 

additive, were tested. 

Zone electrophoretic experiments, performed at acidic pH, showed, that an 

organic additive, acetonitrile, was always necessary for obtaining the resolution of 

the two diastereomers. This is probably due to the changes in the solvatation of the 

two diastereomers caused by the organic modifier which may influence the 

effective mobilities of the substances. Higher concentration of the acetonitrile, 

however, caused longer experimental runs (i.e., longer migration times of the 

substances in the same background electrolyte). In the phosphate buffer at pH 2.5 

it was not possible to obtain baseline resolution of the two diastereomers, even an 

acetonitrile concentration as high as 70 % was applied (results not shown). Fig. 2a 

shows the baseline separation of FCE 23762 and "R-isomer" in 50 mM sodium 

acetate pH 4.2 in the presence of 70 % acetonitrile. Increasing the pH to 5.0 the 

acetonitrile concentration could be lowered to 30 % (Fig. 2b). Further increase of 

the pH was not useful, since the high electroosmotic flow (EOF) did not allow the 

separation of the two components because they were moving with the EOF (results 

not shown). Adriamycinone (neutral substance) in a mixture of all three 
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FIGURE 2. Capillary zone electrophoresis analyses of sample mixtures of (a) FCE 
23762 (10 /lg/ml) and "R-isomer" (10 /lg/ml) and (b) FCE 23762 (5 /lg/ml), "R
isomer" (5 /lg/ml) and adriamycinone (8 /lg/ml). Background electrolyte (a) 50 
mM Na-acetate, pH 4.2, containing 70 % acetonitrile, (b) 50 mM Na-phosphate, 
pH 5.0, containing 30 % acetonitrile. Experimental conditions: capillary 75 /lm ill 
x 42 em (34 em effective length); voltage 20 kV; current (a) 16 /lA, (b) 30 /lA; 
detection 225 nm; temperature 15°C. Sample application was made by vacuum 
for 1.5 s. (EOF, electroosmotic flow). 
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FIGURE 3. Capillary zone electrophoresis of a mixture of FCE 23762 (10 llg/m1; 
insert: a) "R-isomer" (8 Ilg/ml; insert: b) and adriamycinone (7 Ilg/ml; insert: c). 
Background electrolyte and experimental conditions are as in Fig. 2a. (EOF, 
electroosmotic flow). The spectra were obtained with multiwavelength detection. 

compounds of interest (see Fig. 2b and Fig. 3) moved with the EOF forming an 

asymmetric peak. 

For the separation of adriamycinone we used micellar electrokinetic 

chromatography in a phosphate-borate buffer containing 20 mM SDS. The two 

diastereomers of interest are not resolved in this condition (Fig. 4a), however, 

both, FCE 23762 and "R-isomer" were baseline separated from adriamycinone 

(Fig. 4b,c). 
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With the above two electrophoretic methods we analysed the original 

samples, as well. Using the experimental conditions in Fig. 2 and 3, the minimum 

detectable amount of "R-isomer" was obtained to be 0.5 % of the amount of FCE 

23762 (using) in a mixture of both (the experimental error of the determination of 

the peak area ratio was found to be ± 0.3 % due to the baseline variations, probably 

caused by the influence of the organic additive or the other impurities). As it was 

expected from the purity testing attested by the producer, the FCE 23762 sample 

contained a small amount of the "R-isomer" (1.6 % of the sample that corresponds 

to ca. l.8 % of the FCE 23762 content). The amount of the "R-isomer" was 

estimated from the electropherogram of the FCE 23762 stock solution (not shown) 

and found to be 2.0 % ± 0.3 % of the FCE 23762 content, which is in a good 

agreement of the previous characterization. However, the :MEKC experiments did 

not show detectable amount of the adriamycinone in the sample (Fig. Sa), which 

means that our method has a detection limit of the related compound ca. 0.4 % of 

FCE 23762 or higher. Unexpectedly, the sample of the "R-isomer" showed the 

presence of adriamycinone detectable in the :MEKC experiments (Fig. Sb) and 

estimated as 1.4 % ± 0.1 % of the "R-isomer" content. This impurity was also 

observed when the mixture of FCE 23762 and "R-isomer" was investigated (see 

Fig. 4a). The adriamycinone sample was found to be pure with either CZE or 

:MEKC (results not shown). 

CONCLUSIONS 

Since we used two different separation mechanisms for the analysis of the 

anthracycline analogues, the impurities in the samples could be verified very 

efficiently. As a validation of the methods developed in this study we did not find 
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FIGURE 5. Micellar electrokinetic chromatography experiments of the (a) FCE 
23762 (10 ~g/ml) and (b) "R-isomer" (30 ~g/ml) samples. Experimental 
conditions as in Fig. 4. 

FIGURE 4. Micellar electrokinetic chromatography experiments of sample 
mixtures of (a) FCE 23762 (13 ~g/ml) "R-isomer" (12 ~g/ml), (b) FCE 23762 (8 
~g/ml) and adriamycinone (7 ~g/ml) and (c) "R-isomer" (9 ~g/ml) and 
adriamycinone (6 Ilg/ml). Background electrolyte 15 mM Na-phosphate - 6 mM 
Na-borate, pH 7, containing 20 mM SDS. Experimental conditions: capillary 75 
~m ill x 42 cm (34 cm effective length); voltage 20 kV; current 34 ~A; detection 
225 nm; temperature 25°C. Sample application was made by vacuum for 1.5 s. 
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other impurities in the FCE 23762 sample than it was given by the producer. We 

were able to determine the impurities, determined by the other techniques above 

the detection limits of our methods. At the same time we characterized the sample 

of the "R-isomer" and described a small adriamycinone content in it. 

The results demonstrate that the capillary electrophoresis analysis of FCE 

23762, "R-isomer" and adriamycinone can be performed within short run time, 

and with high sensitivity. This makes the technique a potential complementary one 

to HPLC. 
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CAPILLARY ELECTROPHORESIS 
OF STEROID CONJUGATES 

JOSEPH C. TOUCHSTONE AND SIDNEY S. LEVIN 
School of Medicine 

University of Pennsylvania 
Philadelphia, Pennsylvania 19104-6080 

ABSTRACT 

Capillary Electrophoresis of Steroid Conjugates 

Advances in medical sciences have mandated increased separation efficiency 

and high level sensitivity. This is especially true when sample availability is in the 

ultra micro range. Because of this a study of capillary electrophoresis (CE for 

separation of steroid conjugates was carried out. There are few methods available to 

separate these molecules without first hydrolysis of the conjugates. The initial focus 

was on the estrogen conjugates since many of these are readily available for 

reference material. We avoided the use of derivative formation often necessary for 

optimal sensitivity. 

The determination of steroids and their metabolites, the sulfates and 

glucuronides has been hampered for considerable time due to tedious methodology. 

Since this laboratory has been involved in this area for a number of years it seemed 

appropriate to investigate the utility of capillary electrophoresis (CE) for the 

separation of these substances. Only recently has there been reported investigation 

3925 
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on the use of CE for separation of small molecules; most of the prior work being with 

macromolecules and proteins. Chromatographic methods have been applied but 

required a high level of analytical skill. High performance liquid chromatographY 

has been used but, has not been developed to a level of universal acceptance in this 

area. 

Recent reports have indicated that CE can be successfully applied to smaller 

molecules. K.J. Lee, et al. have shown the separation of antiepileptic drugs in plasma, 

phenobarbital among them (1). Pleasance, et al. used CE for separation of sulfa type 

pharmaceuticals including sulfamethazine (2). Lukkari, et al. (3) were able to 

resolve ten ~-blockers from urine by CEo Holland and Sepaniak (4) separated 10 

mycotoxins in 45 minutes using micellar electrokinetic capillary chromatography. 

Wernly and Thormann (5) used this technique in analyses of drugs of abuse in 

human urine. Whang and Chen (6) separated riboflavin, thiamine, nicotinamide and 

pyridoxal using capillary zone electrophoresis. Smith and Khaledi (7) studied the 

effect of pH on separation of phenols. 

CE thus has been indicated to be an attractive tool for pharmaceutical analysis 

because of ease of operation and high sensitivity. This report describes results 

obtained with CE of a number of steroid conjugates. 

Experimental 

Steroids 

The steroids were obtained as follows: estriol-3-glucuronide and estriol-16a

glucuronide were obtained from Sigma Chemical Co. (St. Louis, MO); estriol-3-sulfate, 

estrone-sulfate, dehydroepiandiosterone-sulfate, equilenin sulfate, and equilin 

sulfate were generously supplied by Wyeth-Ayerst (Rouses Point, NY). All chemicals 

were EM Science (Gibbstown, NJ) reagent grade. 
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The biological samples were aliquots of samples collected from the clinic or 

from animals during the course of other experiments. All samples were filtered 

through 0.45 /.lm. Millipore filters prior to injection into the system. 2-4 nl. were 

injected by electromigration. 

The instrument used was an ISeQ Model 3850 (Lincoln, NB) capillary 

electrophoresis system. This provided variable current and voltage capabilities. The 

detection system was on column variable wavelength. 

The capillary was an uncoated fused silica column of 50 /.lm. 1D and 50 cm 

length with the detection window at 31 cm. In the experiments reported the buffer 

used was a borate-sodium hydroxide solution of pH 10.2 and concentration of 0.2 mm. 

in borate. This was routinely degassed by filtering through a 0.45 /.lm. filter 

(Millipore). Urine samples were diluted 1:50 and the amniotic samples 1:25 with the 

buffer. 

Results and Discussion 

Table 1 shows that the steroid conjugates listed are readily separated. The 

estrogen conjugates are those present in urine or blood. These are present in larger 

quantities in the urine of pregnant women or pregnant mares. Because estriol-3-

glucuronide did not separate completely from the 16-analogue, further investigation 

was carried out to improve the resolution. It was found that reducing the current 

increased resolution along with an increased retention time that resulted in a more 

complete separation of these two homologues as seen in Table II. Figure 1 indicates 

that the resolution provided by the conditions used was excellent for separation of 

the standard steroid conjugates studied. It is of interest that the sulfates have longer 

migration times than the glucuronides. 

Figure 2 shows the separation of conjugates from amniotic fluid. The peak at 

6.88 (13.7 mm) coincides with that of estriol-3-glucuronide. Figure 3 shows the 
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Table I 

Migration Times (min.) for Steroid Conjugates 

44mA, 20kV, 210nm 

Estriol-16a-Olucuronide 

Estriol-3 -01 ucuronide 

Estriol-3 -Sulfate 

Estrone-Sulfate 

*dehyd roepiandiosterone 

13.4 

12.0 

14.55 

16.60 

Table II 

DHA * Sulfate 

Equilin Sulfate 

Equilenin Sulfate 

Effect of Voltage on Separation 

(Time in min.) 

Estriol-16a-0 lucuronide 

Estriol-3 -0 I ucuronide 

44 rnA 

20 kV 

12.5 

13.0 

15.9 

16.2 

17.5 

18 rnA 

10 kV 

16.57 

14.91 

separation of estriol-16a-glucuronide from urine of term pregnancy. The peak at 

17.85 min. has the migration shown by estriol-16a-glucuronide. Figure 4 shows the 

separation of conjugates in the urine of a rat with a bile fistula to which was 

administered phenobarbital. At present the separated peaks are not identified but 

some presumably are phenobarbital metabolites. 

The results given in the foregoing discussions demonstrate that the conditions 

for capillary electrophoresis as described may provide means to separate steroid 



c 

I D 

Figure 1 Resolution of Steroid Conjugates by Capillary Electrophoresis 

a Estriol-3-glucuronide 

b Estriol-16a-glucuronide 

c Estrone-sulfate 

d Estriol-3-sulfate 

Figure 2 Separation of Components of Amniotic Fluid from Term Pregnancy. 

Peak at 13.0 min. coincides with E3-3-g1ucuronide. 
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Figure 3 Separation of Components of Urine of Term Pregnancy. Peak at 17.85 is 

E3-16-g1ucuronide as noted by migration time. 

C\J 
~ 

~ ~ 
1e. 5 
~ 

Figure 4 Separation of Components of Rat Urine. Separated Peaks as yet not 

Identified. 
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conjugates in biological media. Further work is in progress to evaluate the utility of 

this tool in metabolic studies. 
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CORRELATION BETWEEN THE CHEMICAL 
STRUCTURES OF DIALKYL PEROXIDES AND 

THEIR RETENTION IN REVERSED-PHASE 
HIGH-PERFORMANCE LIQUID 

CHROMATOGRAPHY 

STEFAN BAJ AND MALGORZATA DAWID 
Institute of Organic Chemistry and Technology 

Silesian Technical University 
uL Krzywoustego 4 

44-101 Gliwice, Poland 

ABSTRACT 

High-performance liquid chromatographic capacity factors were determined on LiChrosorb 
RP 18 10 fun stationary phase for various organic peroxides. Studies of the quantitative structure
retention relationship (QSRR) employing non-empirical structural descriptors for the investigated 
compounds were performed by means of multiple regression analysis. Semi-empirical methods 
MINDO/3, MNDO, AMI. PM3 were employed to determine the structural descriptors which may 
influence the retention in a reversed-phase chromatographic system. Informative values of non
empirical structural descriptors determined with varions semi-empirical methods have been compared. 

INTRODUCTION 

Organic peroxides are a group of organic compounds of considerable practical 

and theoretical importance [1-4]. Mixtures which contain organic peroxy substances 

are on the whole difficult to analyse by means of conventional techniques. 

High-performance liquid chromatography (HPLC) is a versatile, efficient and 

relatively rapid method of separating non-volatile, thermally labile compounds, and it is 
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ideal for the separation and study of mixtures containing peroxy compounds [5-9]. The 

importance ofHPLC in the analysis ofperoxy compounds seems to be quite obvious. 

The study of the relationship between retention indices and parameters 

describing the structure of molecules of the solute is one of the most intensively 

investigated question in modern chromatography [10]. These studies concern a set of 

various chemical compounds and various sets of structural parameters have been 

employed; no investigations of this type, however, have been carried out as far as 

organic peroxy compounds are concerne. Using this approach, it is possible to identifY 

the dominant factors which define the interaction of solute molecules with chemical 

entities forming the chromatographic system. The assignment of retention factors for 

various substituents was suggested by Martin [11] and validated by Bate-Smith and 

Westall [12]. Horwath and co-workers [13.14] and others [15,16] have determined the 

quantitative structure-retention relationship (QSRR) for a variety of compounds and 

demonstrated the value of contribution of the functional group for both the prediction 

of retention and structural elucidation. Most QSRR reported in chromatographic 

literature were derived by means of multiple regression analysis. The dependent 

variable formed a set of retention data, while various empirical, semi-empirical and 

non-empirical structural parameters were assumed as independent variables. The 

selection of independent variables (structural descriptors) depends on numerous 

factors, among them the chromatographic techniques applied in the investigations. 

Retention differences related to the chemical structure have been discussed in 

adsorption liquid chromatography, where hydrogen bonding and 1t-1t interaction are 

dominant as well as in reversed-phase and ion-exchange liquid chromatography, where 

the molecular interaction is probably related to solubility. One method of measuring 

this solubility in terms of the hydrophobic fragmental constant (log P) has been 

proposed by Rekker [17]. These QSRR have been discussed in detail by Kaliszan [18-

20] who listed over 100 studies relating the partition coefficient (log P) factor to 

retention in HPLC. 

Recent studies in reversed-phase chromatography have shown that both 

electrostatic and hydrophobic interactions make important contributions to retention 

[21-23]. The former IS directly related to the solute charges and the latter to solute 

hydrophobicity. 

In our study, the QSRR analysis a the variety of organic peroxides on RP 

HPLC was established through the simultaneous solution of a set of linear equations. 

As independent variables (structural descriptors) non-empirical parameters of the 

molecules were chosen which can be related to the hydrophobic or electrostatic 

properties of the molecules. These descriptors were calculated by means of semi-
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empirical methods of quantum chemistry: PM3, AMI, MNDO i MINDO/3. Such an 

approach makes it possible to investigate also the application of this type of method for 

the prediction of retention. 

The experiments described in this paper were designed to obtain some insight 

into the molecular mechanism of retention under reversed phase conditions and to 

evaluate the informative value of structural descriptors most often used in QSRR 

studies by means of different semi-empirical methods. 

EXPERIMENTAL 

Materials 

Ethyl cumyl peroxide, n-propyl cumyl peroxide, iso-propyl cumyl peroxide, n

butyl cumyl peroxide, iso-butyl cumyl peroxide, sec-butyl cumyl peroxide, tert-butyl 

cumyl peroxide, n-hexyl cumyl peroxide, n-heptyl cumyl peroxide, n-oktyl cumyl 

peroxide, n-nonyl cumyl peroxide, allyl cumyl peroxide and benzyl cumyl peroxide 

were synthetized in the Institute of Organic Chemistry and Technology according to 

the method presented in reference [24]. 

Methyl alcohol, HPLC grade; Merck Darmstadt. 

Instrumentation 

The chromatographic system consists of a Philips LC XPD Chromatograph, a 

Reodyne Model 7125 syringe-loading injector with a 20 III loop and a standard 

Cartrige Glass Column LiChrosorb RP 18 (10 Ilm). The mobile phase were methanol

water mixtures at a flow rate of 1.0 cm3/min. The compounds were detected at 257 

nm with LC XPD UV-VIS Detector and integrated with a CDP4 integrator. 

Determination of retention parameters 

Chromatography was carried out using eluents with the following proportions 

(v/v) of methanol to water: 95 :5, 90 : 10, 85 : 15, 80 : 20, 75 :25, 70 : 30. The 

capacity factors k' were calculated assuming a constant dead volume of the column, 
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taking the signal of water as the dead time marker. Logarithms of capacity factors 

(log k') for the respective compounds were plotted against the volume of methanol 

concentration. 

Determination of structural descriptors 

For each investigated peroxide the individual structural parameters which may 

influence retention, are: the total energy (ETOT AL), the heat of formation, the net 

electron charges on individual atoms (01, 02), the dipole moment, the square of the 

dipole moment (DIP2), the torsion angle between some of the atoms in a molecule 

(CI-0I-02-C2) (see Fig. I.), the energy ofLUMO (ELUMO) and HOMO (EHOMO) 

molecular orbitals. Molecular geometries were optimized and all the parameters 

mentioned above were calculated by means of the appropriate orbital package 

MOP AC procedures according to the methods PM3 [25], AMI [26], MNDO [27] and 

MINDO/3 [28]. The structure of a methyl cumyl peroxide molecule, optimised 

according to the MNDO method is presented in Figure 1. 

The values of structural descriptors obtained by means of aU the applied 

methods are listed in tables I-IV. 

RESULTS AND DISCUSSION 

Logarithms of the capacity factors (log k') for the respective organic peroxides 

were plotted against the volume fraction of methanol in the eluent. The parameters 

derived from least squares regression for the investigated systems are given in Table V. 

Excellent linear relationships were obtained. 
From the regression equations obtained ( log k' = a*x + b), the log k' 

coefficients were calculated for all investigated compounds at the point corresponding 

to the proportion (v/v) 82 :12 methanol: water as eluent. The calculated values of log 

k' were then subjected to a correlated analysis with parameters describing the structure 

of the molecules of the organic peroxides. 

In order to describe the relation between the retention indices of organic 

peroxides and the calculated structural parameters, a multiparameter regression 

analysis was performed The QSRR equations were solved first by a stepwise 

regression analysis taking into consideration the significance of the respective 

descriptors. The setting up of such a preliminary correlation made it possible to 
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• Hydrogen 

( ) Oxygen 

() Carbon 

FIGURE I. Molecular structure of ethyl cumyl peroxide calculated with MNDO semi

empirical method. 

eliminate from them those descriptors which did not indicate a good correlation with 

log k'. Based on these calculations the following descriptors were eliminated: the heat 

of formation, the net charge on the atoms 0 I and 02, the torsion angle between the 

atoms CI-OI-02-C2, and the dipole moment. Multiple regression analysis, applying 

log k' as a dependent variable and the total energy (E TOTAL)' the values of LUMO 

and HOMO energy (E HOMO and E LUMO) and the square of dipole moment (DIP)2 as 

dependent variables, was performed for each set of structural descriptors (MINDO/3, 

MNDO, AMI, PM3 results). The obtained QSRR equation are presented below: 

MIND03: 

log k" = -49.6814 - 0.0026 (±0.0002)ETOTAL - 4.5693(±165418)EHOMO 
+ 3.0164(±092318)EwMO + 0.6366(±0.13483)(DIP)2 (1) 

R=0.9900, F=89.386, p< 110-5 

MNDO: 

log k" = - 159.490 - 0.003 (±0.00035)ETOTAL - 16.091(±833871)EHOMO 
+ 11.512(±4.21971)ELUMO + 0.738(±0.59894)(D]P)2 (2) 

R = 0.9620, F= 24.801, P < 1.510-4 
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TABLE 5 

STATISTICAL PARAMETERS OF LINEAR FIT OF LOG k' VERSUS METHANOL CONCENTRATION IN 

MOBILE PHASE 

N umber of calibration points for each compounds, n=5; number of replicates of each injection, m=7 

Compounds Intercept Slope Ra S.Eb 

b a 

Ethyl cumyl peroxide 7.291±0.205 -0.079±0.003 0.998 0.0405 

n-Propyl cumyl peroxide 9.219±O.303 -0.098±0.004 0.998 0.0597 

iso-propyl cumyl peroxide 9.912±0.402 -0. I 1O±0.005 0.997 0.0792 

n-Butyl cumyl peroxide iO.81O±0.61O -0.076±0.00S 0.993 0.1203 

iso-Butyl cumyl peroxide IO.725±O.50S -0.113±O.OO6 0.995 0.0999 

sec-Butyl cumyl peroxide !O. 794±O .500 -0. I 15±0.006 0.996 0.0979 

tert-Butyl cumyl peroxide 8.872±O.091 -0.097±O.OO I 0.999 0.0179 

n-Hexyl cumyl peroxide 12.352±O.766 -0.124±0.087 0.995 0.0978 

n-Heptyl cumyl peroxide 14.076±1.047 -0.147±0.012 0.993 0.1345 

n-Oktyl cumyl peroxide 10 1.7S0±1.24 I -6.596±0.534 0.993 0.9000 

n-Nonyl cumyl peroxide !o2.2SS±1.352 -5.794±0.496 0.993 0.9500 

Allil cumyl peroxide 6.651±0.442 -O.071±0.006 0.991 0.0868 

Benzyl cumyl peroxide 1O.345±O.274 -0.III±O.003 0.998 0.0540 

a R = correlation coefficient 

b S.E. = standard error of rcgrcsion 

AMI: 

PM3: 

log k' = -27.4426 - 0.0028 (±0.00045)ETOTAL - 1.7695(±9.77508)EHOMO 
+ 8.70I9(±4.71280)EWMO + 0.3789(±0.33524)(DIP)2 (3) 

R = 0.9492, F= 18.203, P < 410-4 

log k' = -37.4557 - 0.0028 (±0.00059)ETOTAL - 3.2411(±2.01671)EHOMO 
+ 6.5051(±3.23314)EHOMO - o 5614(±0.58134)(DIP)2 (4) 

R = 0.9355, F= 14.041, P < I 10-3 



DIALKYL PEROXIDES 3943 

TABLE 6 

PARTIAL CORRELATION COEFFICIENTS DERIVED FROM MULTIPARAMETER 

REGRESSION OF LOG K' VERSUS STRUCTURAL DESCRIPTORS CALCULATED 

WITH MINDO/3, MNDO, AMI AND PM3 METHODS. 

Structural Partial Correlation Coefficient 

descriptor MINDO/3 MNDO AMI PM3 

ET()TA' -0.9778 -0.9532 -0.9126 -0.8551 

EJT()M() -0.6987 -0.5637 -0.1201 -0.4940 

E, ()M() 0.7661 0.6942 0.2056 0.5794 

(DIP)2 0.8578 0.4992 0.1574 0.3730 

4.5 

4 

3.5 

""0 3 
Q) 

~ 2: 
Q) ., 2.5 ... .0 
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.2 

1.5 

0.5~~--~----~------~----~------~----~------~----~ 

0.5 1.5 2 2.5 3 3.5 4 4.5 

log(k') Predicted 

FIGURE 2. Relationship between the retention parameters of organic peroxide (log k' ) 
determined experimentally by RP HPLC (stationary phase: LiChrosorb RP 18 
10 11m; mobile phase: methanol: water = 82: 18 v/v) and calculated using eqn. 1 
(MINDO/3). I - Ethyl cumyl peroxide; 2 - allyl cumyl peroxide; 3 - iso-propyl 
cumyl peroxide; 4 - tert-butyl cymyl peroxide; 5 - n-propyl peroxide; 6 - benzyl 
cumyl peroxide; 7 - sec-butyl cumyl peroxide; 8 - n-butyl cumyl peroxide; 9 - iso
butyl cumyl peroxide; 10 - hexyl cumyl peroxide; II - heptyl cumyl peroxide; 12 
- octyl cumyl peroxide; 13 - nonyl cumyl peroxide. 
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FIGURE 3. Relationship between the retention parameters of organic peroxide (Jog k' ) 
determined experimentally by RP HPLC (stationary phase: LiChrosorb RP 18 
10 ~m; mobile phase: methanol: water = 82 : 18 v/v) and calculated using eqn. 1 
(MNDO). I - Ethyl cumyl peroxide; 2 - allyl cumyl peroxide; 3 - iso-propyl 
cumyl peroxide; 4 - tert-butyl cymyl peroxide; 5 - n-propyl peroxide; 6 - benzyl 
cumyl peroxide; 7 - sec-butyl cumyl peroxide; 8 - n-butyl cumyl peroxide; 9 - iso
butyl cumyl peroxide; 10 - hexyl cumyl peroxide; 11 - heptyl cumyl peroxide; 12 
- octyl cumyl peroxide; 13 - nonyl cumyl peroxide. 

The values in parentheses are the standard deviations of regression coefficients, 

R is the correlation coefficient, F is the .I.test value, p is the significance level of the 

whole equation. 

The correlation coefficients R obtained in all the calculation methods, applied 

to determine the structural descriptors, are good. The correlation coefficient R derived 

from equation (I) (MINDO/3 results) is excellent. The partial correlation coefficients 

between the respective variable and the dependent variable (Jog k') after controlling for 

all other independent variables in the equation are presented in Table VI. Negative 

values of these coefficients in the case of ETOTAL and EHOMO are the consequence 

of the fact thet relationship between dependent variable and structural descriptors 

mentioned above is described by a decreasing function. These coefficients indicate the 
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FIGURE 4. Relationship between the retention parameters of organic peroxide (log k' ) 
determined experimentally by RP HPLC (stationary phase: LiChrosorb RP 18 
10 !lm; mobile phase: methanol: water = 82 : 18 v/v) and calculated using eqn. 1 
(AM I). I - Ethyl cumyl peroxide; 2 - allyl cumyl peroxide; 3 - iso-propyl cumyl 
peroxide; 4 - tert-butyl cymyl peroxide; 5 - n-propyl peroxide; 6 - benzyl cumyl 
peroxide; 7 - sec-butyl cumyl peroxide; 8 - n-butyl cumyl peroxide; 9 - iso-butyl 
cumyl peroxide; 10 - hexyl cumyl peroxide; 11 - heptyl cumyl peroxide; 12 -
octyl cumyl peroxide; 13 - nonyl cumyl peroxide. 

descriptor ETOTAL as the most significant in each equation. The total molecular 

energy provides information about the bulkiness of the solute. This size-related 

descriptor may be related to the interaction between the solute molecule and the 

stationary phase occurring in reversed-phase liquid chromatography. The larger the 

solute molecule, the stronger the solute-adsorbent interaction. E HOMO and E LUMO 

descriptors are related to the ability of the solutes to participate in electron pair donor

acceptor interactions with eluent molecules. As may be concluded from the partial 

correlation coefficients, this kind of interaction is rather less importance for retention. 

The last principal component (DIP)2 determines the ability of the solute to 

participate in intermolecular interactions with the stationary and/or mobile phase of the 

dipole-dipole and dipole-induced dipole type. Their participation in the correlation 

equation is rather similar to E HOMO and E LUMa 
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FIGURE 5. Relationship between the retention parameters of organic peroxide (log k' ) 
determined experimentally by RP HPLC (stationary phase: LiChrosorb RP 18 
1 0 ~lm; mobile phase: methanol: water = 82 : 18 v/v) and calculated using eqn. 1 
(PM3). 1 - Ethyl cumyl peroxide; 2 - allyl cumyl peroxide; 3 - iso-propyl cumyl 
peroxide; 4 - tert-butyl cymyl peroxide; 5 - n-propyl peroxide; 6 - benzyl cumyl 
peroxide; 7 - sec-butyl cumyl peroxide; 8 - n-butyl cumyl peroxide; 9 - iso-butyl 
cumyl peroxide; 10 - hexyl cumyl peroxide; 11 - heptyl cumyl peroxide; 12 -
octyl cumyl peroxide; 13 - nonyl cumyl peroxide. 

The remaining factors, i.e. torsion angle CI-0I-02-C2, net charges at 01 and 

02 atoms, the heat of formation and dipole moment are not essential for retention of 

organic peroxides in reversed phase liquid chromatography. 

The correlation coefficient R is excellent in equation (1), where the structural 

descriptors were calculated according to the MINDO/3 method. The remaining 

equations do not provide such good results. The correlation between retention log k' 

and structural descriptors calculated according to the PM3 method is the worst one. 

The conclusion may be drawn that QSRR equations have different form depending on 

the method applied for calculating the structural descriptors. The best results were 

obtained using the MINDO!3 method to describe molecule parameters. The M1ND0/3 

method, applied to calculate the molecular parameter of organic peroxides, can in fact 
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yield more accurate results than much more recent semi-empirical methods like AMI 

or PM3. One of the major assets of MINDO/3 was its demonstrated ability to 

reproduce all ground-state properties [29] of molecules of all kinds. Problems arise, 

however, in the case of molecules containing heteroatoms, such as nitrogen or sulphur, 

conjugated molecules, overcrowded molecules (e.g. neopentane) or molecules 

containing four-membered rings. This method can not be used to estimate activation 

energy, which tends to be too large. After several years of efforts these errors have 

been gradually corrected by means of the new methods MNDO, AM I and PM3. 

In the case of the organic peroxide molecules investigated in this paper, the 

ground-state parameters calculated with MINDO/3 methods are satisfactory and give 

the best correlation with the retention indices. The predictive potencies of eqns. 1 - 4 

are illustrated in Figs 2-5. 

CONCLUSIONS 

The results of this study identify the structural factors which affect retention, 

and provide a quantitative estimation of the importance of these structural factors. 

Retention in reversed-phase chromatography was found to be a net effect of non

specific, dispersive, bulkiness-dependent interactions and electrostatic interactions 

involving solute molecules and molecules of both mobile and stationary phases. The 

ETOTAL descriptors related to the first kind of interaction seem to be dominant in the 

retention mechanism. The correlation obtained between the selected set of structural 

descriptors and the retention indices for a variety of organic peroxides is very good and 

may be used to predict the retention properties of the investigated system of molecules. 

Additionally, the present paper illustrates the applicability of semi-empirical 

calculations to investigations and to the understanding of the retention mechanism. 

This method can be used to predict the chromatographic properties of the investigated 

molecules. The relationship between log k' and the structural descriptors is different in 

the case of the semi-empirical methods employed. For organic peroxide molecules 

MINDO/3 method gives the most reliable values of ETOTAL' E HOMO and E HOMO 
and (DIP)2 parameters. 
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ABSTRACT 

Silver ion high performance liquid chromatography with 
a commercially available column with a simple isocratic 
mobile phase of acetonitrile in hexane and flame 
ionization detection was employed to separate and 
quantitate triacylglycerol species of vegetable oils. 
Coconut, palm, cottonseed, olive, safflower, sunflower, 
corn, pumpkinseed, linseed, soybean, and canola oils 
were analyzed, as well as randomized corn and soybean 
oils, and the blends and interesterified products of 
corn and soybean oil with cottonseed oil stearine. 
Fractionated triacylglycerol species were identified by 
gas chromatography of their methyl esters. 
Triacylglycerol composition was obtained by reversed 
phase and silver ion high performance liquid 
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chromatography of the same oil. Oil fatty acid 
composition was determined by gas chromatography of the 
transmethylated oil and correlated with that calculated 
from the triacylglycerol composition by silver ion 
chromatography of the same oil. The triacylglycerol 
separation was mostly based on the total unsaturation 
of the fatty acids attached to the glycerol moiety. 
However, partial separation of triacylglycerols with 
the same unsaturation content but different fatty acids 
indicates that other separation mechanisms, in addition 
to fatty acid complexation with silver ions, such as 
adsorption and partition, are involved. The flame 
ionization response (area percent) was determined to be 
proportional to weight percent for oil triacylglycerol 
composition. In addition to analyses of vegetable 
oils, the efficacy of the silver ion high performance 
liquid chromatography method with flame ionization 
detection for analyses of margarine base stocks 
produced from corn and soybean oils was demonstrated. 

INTRODUCTION 

Triacylglycerol (TAG) composition of seed oils has 

been determined by high temperature gas chromatography 

(GC) and reversed phase high performance liquid 

chromatography (RP-HPLC) (1-3). High temperatures of 

GC may adversely effect analysis of TAG with 

unsaturated fatty acids (FA) through thermal 

alteration. RP-HPLC avoids thermal alteration but the 

TAGs are resolved with respect to both FA unsaturation 

and chain length, which may give HPLC chromatograms 

that are difficult to interpret. Silver ion high 

performance liquid chromatography (Ag-HPLC) resolves 

TAG primarily by FA unsaturation, resulting in simpler 

chromatograms for TAG identification (2,4). Previously 

reported Ag-HPLC systems for TAG and FA separations use 

complex mobile phases (4,5). A simple isocratic mobile 

phase, acetonitrile in hexane, and a commercially 

available Ag-HPLC column were recently used to resolve 
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cis and trans FA methyl ester isomers (6) and TAG of 

Crepis alpina oil (7). 

Several types of HPLC detectors have been used for 

TAG analysis. Light scattering and ultraviolet 

detectors have been used for semi-quantitative 

determination of TAG composition (5), but these lack 

linear response and require response factors. We have 

previously used the transport flame ionization detector 

(FID) with RP-HPLC analysis of vegetable oils (8-11), 

vegetable oil blends and interesterified products for 

margarine basestocks (12) and for the analysis of 

Crepis alpina and Vernonia galamensis oils (13). The 

FID detector was determined to give a linear response 

without the need for response factors for quantitative 

TAG analysis. Ag-HPLC with an FID detector was 

previously used for the quantitative determination of 

TAG of cocoa butter, palm oil, and soybean oil (14). 

We used the Ag-HPLC FID system with the isocratic 

acetonitrile/hexane mobile phase for the analysis of 

TAG of Crepis alpina oil, an oil with an unusual fatty 

acid which contains an alkyne bond (7). Here we report 

the broad applicability of the technique in the 

analysis of fats and oils which have common fatty acids 

with alkene bonds. 

EXPERIMENTAL 

Material 

A set of complex and varied oils and products were 

selected to illustrate the applicability of the Ag

HPLC-FID technique for TAG analysis. Vegetable oils 

(olive, soybean, sunflower, corn, cottonseed, 

pumpkinseed, peanut, safflower, canola, coconut, 

linseed, and palm) were obtained from either local 
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market or industrial sources as finished oils. Soybean 

and corn oil each was blended (1:1, wt/wt) with 

cottonseed stearine and then interesterified using 0.5% 

sodium methoxide catalyst. Also, soybean and corn oil 
were each randomized in the presence of 0.5% sodium 

methoxide catalyst. 

Methods 

Pure TAGS were prepared from the oils and products 

by solid phase extraction chromatography described 

previously (9). 

Fatty acid location in the TAG was determined by 

the enzymatic lipolysis and capillary gas 

chromatography as reported previously (15) and was also 

used to verify vegetable oil randomization. 

To verify the results of Ag-HPLC-FID, TAGS were 

resolved and quantitated by RP-HPLC-FID (8, 9). 

Quantitation was verified against weighed TAG standards 

(7) . 

For TAG analysis by Ag-HPLC-FID, a Chromosphere 

Lipids column (4.6 mm I.D. x 250 mm, 5 micron particle 

size) (Chrompack International, Middleburg, The 

Netherlands) was used. The TAG (10 ~l; 50 mg solute 

per 2 ml hexane) were injected in triplicate. All TAG 

were eluted in 120 min by an isocratic mobile phase of 

0.5% acetonitrile in hexane (v:v) at a flow rate of 1.0 

ml/min. HPLC flame ionization detector (Tracor Model 

945, Trimetrics, Houston, TX), response was monitored 

by a real time computer and calibrated against weighed 

TAG samples. Fractions were collected via a splitter 

between the column and detector as previously described 

(7) . 

TAGs were characterized and identified by gas 

chromatography flame ionization detection of methyl 

esters prepared by transmethylation of each Ag-HPLC 



VEGETABLE OIL TRIACYLGLYCEROLS 

fraction. TAG identifications were confirmed by 

comparison of TAG composition obtained by Ag-HPLC with 

that obtained by RP-HPLC. Further, TAG identification 

was supported by comparison of the TAG fatty acid 

composition calculated from Ag-HPLC fractions with the 

fatty acid composition determined experimentally for 

the starting TAG mixture (10). 

3955 

Transmethylation was performed on the TAG by 

heating the sample in 0.5 N KOH in methanol at 50°C for 

30 min. The reaction was stopped with acetic acid and 

the mixture was extracted with 5 ml petroleum 

ether:diethylether (1:1 v/v) , water washed to neutral 

Ph and dried with 5 ml acetone azeotrope under helium. 

Fatty acid methyl esters (FAME) samples were 

analyzed by direct injection capillary-GC utilizing an 

SP2380 column (30 m, 0.25 mm ID and 0.2 micron film 

thickness (Supelco, Inc., Bellefonte, PAl in a Varian 

3400 Gas Chromatograph (Walnut Creek, CAl equipped with 

a flame ionization detector. The column was operated 

isothermally at 150°C for 35 min and then programmed to 

210°C at 3°C/min with helium head pressure 10 psi. The 

injector and detector temperature were 240°C and 280°C 

respectively. GC chromatogram peak integration was by 

computer. The FAME were identified by matching their 

retention times with respect to authentic standards. 

RESULTS AND DISCUSSION 

Quantitative analyses of vegetable oil TAG are 

presented in Tables 1-3. The methyl ester quantitation 

by GC-FID was used to characterize the TAG species with 

respect to amount of saturated (S), monenoic (M), 

dienoic (D), and trienoic (T) fatty acids per TAG 

components represented by the Ag-HPLC chromatogram 



T
A

B
L

E
 

1 
V

e
g

e
ta

b
le

 
S

ee
d

 
O

il
 
T

r
ia

c
y

lg
ly

c
e
r
o

l 
C

o
m

p
o

si
ti

o
n

 
b

y
 
S

il
v

e
r
 

Io
n

 
a

n
d

 R
e
v

e
r
se

d
-P

h
a

se
 

H
ig

h
 

P
er

fo
rm

a
n

ce
 

L
iq

u
id

 
C

h
ro

m
a

to
g

ra
p

h
y

 
w

it
h

 
F

la
m

e 
Io

n
iz

a
ti

o
n

 
D

e
te

c
ti

o
n

-

R
e
so

lu
ti

o
n

 

C
o

c
o

n
u

t 

'
!
'
~
i
a
c
y
l
g
l
y
c
e
r
o
l
 

s
a
tu

ra
te

d
, 

m
on

en
o:

:.
.c

, 
d

ie
n

o
l.

c
, 

N
u

m
b

er
 

T
rl

.a
c
y

lg
ly

c
e
ro

l 
tr

l.
e!

1O
l.

C
 

o
f 

M
o

le
c
u

la
r 

fa
tt

y
 
a
c
~
d
 

D
o

u
b

le
 

S
n

eC
l.

es
 

R
e
v

e
rs

e
d

 
S

il
v

e
r 

sp
e
c
l.

e
s"

 
B

o
n

d
s 

R
e
v
e
r
~
e
d
 
Ph

as
e"

'~
 

P
h

a
se

 
Io

n
 

S
S

S
 

P
P

P
, 

P
P

S
, 

P
S

S
, S

S
S

 
3

9
.3

 
8

6
.9

 

SS
M

 
P

O
P

, S
O

P
, 

SO
S 

0
.1

 
0

.2
 

S
S

O
 

P
L

P
, 

S
L

P
, S

L
S

 
v

.3
 

0
.3

 

S
M

M
 

PO
O

, s
aO

 
0

.6
 

O
 .
•
 

S
M

O
 

L
O

P,
!.

.O
S 

0
.5

 
1

.S
 

~l
~l

M 
0

0
0

 
J
.4

 
1

.0
 

S
O

D
 

L
L

S
, L

L
P

 
2

.3
 

2
.3

 

~>
!M

D 
L

O
O

 
l.

-!
 

1
.5

 

D
D

H
, 

T:
·1

M
 

L
L

O
,!.

.N
O

O
 

2
.1

 
2

.3
 

O
D

O
 

L
L

L
 

)
. 

a 
3

.4
 

T
D

O
 

L
N

L
L

 

U
N

ID
E

N
T

IF
I3

0
 

o 
a 

0
.1

 

'H
PL

C
 

a
n

d
 

F
la

m
e 

Io
n

l.
z
a
ti

o
n

 
C

o
n

d
it

io
n

s 
gl

.'.
re

n 
in

 
E

x
p

e
ri

m
e
n

ta
l 

S
e
c
tl

.o
n

. 
"A

re
a 

p
e
rc

e
n

t 
s
ta

n
d

a
rd

 
d

e
v

ia
ti

o
n

 
:= 

0
1

. 
to

 
0

.2
%

. 

?
a
lm

 

R
e
v

e
rs

e
d

 
p

h
a
se

 

7 
7 

.. n
.s

 

6
.8

 

2
7

.6
 

a
.3

 

2
.0

 

1
.3

 

1
.3

 

0
.3

 

Q
u

a
n

t.
l.

ta
ti

o
n

 
(A

re
a 

P
e
rc

e
n

t)
"
 

C
o

tt
o

n
se

e
d

 
a
ll

.v
e
 

P
e
a
n

u
t 

S
il

v
e
r 

R
e
v

e
rs

e
d

 
S

il
v

e
r 

R
e
v

e
rs

e
d

 
S

il
v

e
r 

R
e
v

e
rs

e
d

 
S

il
v

e
r 

Io
n

 
P

h
a
se

 
Io

n
 

?
h

a
se

 
Io

n
 

P
h

a
se

 
Io

n
 

7
.2

 
0

.3
 

~
.
 1

 
3

.9
 

3
.1

 

3
8

 .. 
7 

2
.0

 
2

,6
 

)
.2

 
3 

2 
1

.7
 

1
.4

 

7 
8 

1
2

.5
 

1
1

.5
 

2
. 

2
,1

 
4 

0 
5

.7
 

2
8

.5
 

3 
8 

)
.6

 
2

6
. 

-l 
2

7
.5

 
9

.2
 

9
. 

) 

9
. 

a 
1

3
.3

 
1

2
.3

 
1

1
. 

Q
 

1
0

.9
 

1
7

 .. 
6 

1
6

 

'.
4

 
0

.7
 

1
.5

 
3

3
 .
l
 

3
4

.1
 

1
5

.5
 

1
4

. 
J 

1
.9

 
)0

 
a 

3
0

.1
 

5 
1 

2
.3

 
S 

.4
 

6
.9

 

1
.9

 
2

.6
 

'.
3

 
1

4
.4

 
1

4
 .. 

4 
2

1
. 

6 
2

0
.3

 

a 
6 

1
1

.-
1

 
1

3
 .. 

4 
3

.4
 

4
.4

 
1

4
 .
1

 
1

4
.5

 

2
1

. 
3 

1
9

.8
 

1
.0

 
1

.0
 

2
.7

 
--

l.
6

 

o 
1 

0
.1

 
0

.1
 

0
.8

 

0
.0

 
O

. 
a 

0
.7

 
0

.1
 

0
.1

 
4

.2
 

2
.8

 

-S
, M

, D
: 

T
 

=
 

s
a
tu

ra
te

d
 
(
p
a
l
m
~
t
i
c
 

a
n

d
 
s
t
e
a
r
~
c
 
a
c
~
d
s
 

e
x

c
e
p

t 
fo

r 
c
o

c
o

n
u

t,
 

w
h1

.c
h 

a
ls

o
 
c
o

n
ta

in
s
 

c
a
p

ry
l1

.c
, 

c
a
p

ri
c
, 

la
u

r1
.c

 
a
n

d
 
my

rl
.s

t~
c 

a
c
id

s
 

(
1

9
»

; 
m

o
n

o
en

o
ic

 
(o

le
ic

);
 

d
ie

n
o

ic
 

(l
in

o
le

ic
) 

a
n

d
 
tr

ie
n

o
ic

 
(l

in
o

le
n

1
.c

J 
a
c
id

s
, 

re
sp

e
c
t1

.v
e
ly

, 
a
tt

a
c
h

e
d

 
to

 
th

e
 

tr
ia

c
y

lg
ly

c
e
ro

l 
g

ly
c
e
ro

l 
m

O
l.

et
y

. 
a
s
,?

, 
0

, 
L

a
n

d
 

L
n

 
=:

 
s
t
e
a
r
~
c
,
 

p
a
lm

l.
tl

.c
, 

o
le

ic
, 

li
n

o
le

ic
 

a
n

d
 
li

n
o

le
n

ic
 

aC
l.

as
, 

re
sp

e
c
t:

:.
v

e
ly

, 
a
tt

a
c
h

e
d

 
to

 
th

e
 
t
r
~
a
c
y
l
g
l
y
c
e
r
o
l
 

m
o

ie
ty

. 
~
C
o
c
o
n
u
t
 
o
~
l
 

a
ls

o
 

c
o

n
ta

l.
n

s 
s
a
tu

ra
te

d
 
tr

l.
a
c
y

lg
ly

c
e
ro

ls
 
w
~
t
h
 

c
a
p

ry
li

c
, 

c
a
p

rl
.c

, 
la

u
rl

.c
 

a
n

d
 m

y
ri

s
ti

c
 
a
c
id

s
 

(1
9

).
 



T
A

B
L

E
 

2 
V

e
g

e
ta

b
le

 
S

e
e
d

 
O

il
 
T

ri
a
c
y

lg
ly

c
e
ro

l 
C

o
m

p
o

si
ti

o
n

 
b

y
 
S

il
v

e
r 

Io
n

 
a
n

d
 
R

e
v

e
rs

e
d

-P
h

a
se

 
H

ig
h

 
P

e
rf

o
rm

a
n

c
e
 
L

iq
u

id
 C

h
ro

m
a
to

g
ra

p
h

y
 
w

it
h

 
F

la
m

e 
Io

n
iz

a
ti

o
n

 
D

e
te

c
ti

o
n

'"
 R

e
s
o

lu
ti

o
n

 
Q

u
a
n

ti
ta

ti
o

n
 

(A
re

a
 

p
e
rc

e
n

t)
!>

 

S
af

fJ
..

o
w

er
 

S
u

n
fl

o
w

e
r 

I 
C

o
rn

 
P

u
m

p
k

in
se

e
d

 
~
~
-

---
-,-

-
-
I
 

I 
I 

I 
T

ri
a
c
y

lg
ly

c
e
ro

l 
s
a
tu

ra
te

d
, 

m
on

en
ol

.C
, 

N
u

m
b

er
 

T
ri

a
c
y

lg
ly

c
e
ro

l 
d
i
e
n
o
~
c
,
 

o
f 

M
o

le
c
u

la
r 

S
p

e
c
ie

s
 

tr
l.

e
n

o
l.

c
, 

f
a
tt

y
 

D
o

u
b

le
 

R
e
v

e
rs

e
d

 
P

h
a
se

j 
R

e
v

e
rs

e
d

 
S

il
v

e
r 

R
e
v

e
rs

e
d

 
S

il
v

e
r 

R
e
v

e
rs

e
d

 
S

il
v

e
r 

R
e
v

e
rs

e
d

 
S

il
v

e
r 

a
c
id

 
s
p
e
c
~
e
s
=
 

B
o

n
d

s 
P

h
a
se

 
Io

n
 

p
h

a
se

 
Io

n
 

p
h

a
se

 
Io

n
 

P
h

a
se

 
Io

n
 

S
S

S
 

?P
P

, 
P

P
S

, 
P

S
S

, 
S

S
S

 
O

. 
" 

0
.1

 
0

.3
 

0
.4

 
0

.2
 

0
.4

 
0

.3
 

0
.1

 

SS
M

 
P

O
P

, 
S

P
O

, 5
0

S
 

o 
6 

0
.6

 
0

.7
 

lo
 

0
.5

 
1

.3
 

2
.2

 
l
.2

 

S
S

D
 

P
L

P
, S

L
P

, 
S

L
S

 
1

.4
 

1
.6

 
1

.7
 

l.
4

 
2

.3
 

2
.9

 
" 

.3
 

" 
.1

 

SM
M

 
PO

D
, 

5
0

0
 

0
.9

 
l
o

' 
1

."
 

1 
.•

 
3

.0
 

3
. 

" 
3

.2
 

3
. 

" 

S~
rl

D 
L

O
P

, L
O

S 
5

.3
 

6
.3

 
" 

.1
 

7 
9 

1
1

. 
9 

1
0

. 
a 

1
3

.9
 

1
4

.7
 

~1
r-
1M
 

0
0

0
 

O
. 

" 
0

.7
 

1
.5

 
1

.4
 

3
.0

 
3

. 
a 

4
.2

 
'.

5
 

S
O

D
 

L
L

S
,L

L
P

 
1

7
.6

 
1

8
.7

 
2

0
.4

 
2

0
.8

 
1

8
.7

 
1

7
 

" 
2

0
.6

 
2

0
.7

 

:·l
M

D
 

L
O

a
 

3
.5

 
4

.5
 

6
.0

 
6

.0
 

1
0

.0
 

1
1

. 
a 

9
.5

 
1

0
.5

 

D
m

I 
L

L
O

 
1

9
.6

 
1

9
.8

 
2

3
.4

 
2

3
.3

 
2

3
.3

 
2

3
. 

1
7

.7
 

1
8

.9
 

D
D

D
 

'L
L

 
4

7
.4

 
4

6
.

1 
3

5
 

9 
3

5
 

" 
2

6
 

3 
2

2
.8

 
1

8
.9

 
1

6
.7

 

T
O

O
 

L
N

L
L

 
0

.2
 

0
.2

 
0

.3
 

0
.3

 
o 

7 
0

.9
 

0
.3

 
0

.4
 

U
N

ID
E

N
T

IF
IE

D
 

1
.9

 
0

.0
 

0
.0

 
0

.2
 

0
.1

 
0

.0
 

O
. 

9 
0

.4
 

S
ee

 
n

o
te

s
 
in

 T
a
b

le
 

1 

~ !:l ~ o p ~ ~ ~ IJ
.)

 
\0

 
U

l 
-.

.l 



T
A

B
L

E
 

3 
V

e
g

e
ta

b
le

 
S

e
e
d

 
O

il
 

T
r
ia

c
y

lg
ly

c
e
r
o

l 
C

o
m

p
o

si
ti

o
n

 b
y

 
S

il
v

e
r
 

Io
n

 
a

n
d

 
R

e
v

e
r
se

d
-P

h
a

se
 

H
ig

h
 

P
er

fo
rm

a
n

ce
 

L
iq

u
id

 C
h

ro
m

a
to

g
ra

p
h

y
 w

it
h

 
F

la
m

e 
Io

n
iz

a
ti

o
n

 D
e
te

c
ti

o
n

a 

T
r
ia

c
y

lg
ly

c
e
r
o

l 
sa

tu
r
a

te
d

, 
m

o
n

e
n

O
lC

, 
d

ie
n

O
lC

, 
tr

ie
n

o
ie

, 
fa

tt
y

 
a

C
ld

 
sp

e
c
ie

s"
 

S
S

S
 

S5
r<

1 

S
S

D
 

SM
M

 

SM
D

 

M
M

M
 

SD
D

 

:
~
M
D
 

R
e
so

lu
ti

o
n

 

N
u

m
b

e
r 

o
f 

D
o

u
b

le
 

B
o

n
d

s 

D
D

M
, 

TM
M

, 
SM

T
 

4
-5

 

D
D

D
, 

T
D

S
, 

TD
M

 
5

-6
 

T
D

D
 

T
T

M
 

T
T

D
 

T
T

T
 

U
N

ID
E

N
T

IF
IE

D
 

S
ee

 
n

o
te

s 
in

 
T

a
b

le
 

1 

T
r
ia

c
y

lg
ly

c
e
r
o

l 
m

o
le

c
u

la
r
 

s
p

e
c
ie

s
 

r
e
v

e
r
se

d
 
ph
as
e~
 

p
p

p
, 

P
P

S
, 

P
S

S
 I 

S
S

S
 

P
O

P
,S

O
P

,S
O

S
 

P
L

P
,S

L
P

,S
L

S
 

P
O

O
, 

SO
O

 

L
O

P
, 

L
O

S 

0
0

0
 

L
L

S
,L

L
P

 

LO
O

 

L
L

O
, 

L
N

O
O

, L
N

O
P 

L
L

L
, 

L
N

L
O

, 
;'N

L
P

 

L
N

L
L

 

L
N

L
N

O
 

L
N

L
N

L
 

L
N

L
N

L
N

 

Q
u

a
n

tl
ta

ti
o

n
 

(A
re

a
 

?
e
r
c
e
n

t)
::

 

L
in

se
e
d

 
S

o
y

b
ea

n
 

C
a
n

a
l a

 

I 
R

ev
er

se
d

 
S

il
v

e
r
 

R
ev

er
se

d
 

S
il

v
e
r
 

R
e
v

e
r
se

d
 

S
il

v
e
r
 

?
h

a
s

e
 

Io
n

 
P

h
a

s
e

 
Io

n
 

P
h

a
s

e
 

Io
n

 

o 
1 

0
.1

 
0

.5
 

0
.4

 
0

.5
 

0
.1

 

0
.8

 
0

.8
 

0
.7

 
1

.4
 

0
.9

 
0

.7
 

1
.0

 
0

.3
 

3
.7

 
3

.9
 

0
.7

 
1

.0
 

2
.2

 
2

.3
 

3
.8

 
4

.2
 

5
.7

 
6

.5
 

4
.3

 
3

.3
 

1
2

.9
 

1
1

.6
 

8
.0

 
7

.0
 

2
.1

 
2

.1
 

2
.9

 
3

.4
 

2
1

. 
1 

2
1

. 
9 

2
.1

 
4

.8
 

1
6

.9
 

1
5

.5
 

3
.9

 
5

.1
 

1
.9

 
5

.2
 

1
1

. 
1 

9
.4

 
2

2
.4

 
2

1
. 

7 

1
2

.1
 

1
4

.2
 

1
7

.7
 

2
1

.2
 

2
0

.1
 

2
1

. 
2 

1
4

.9
 

1
7

.9
 

2
1

. 
8 

2
0

.5
 

1
1

.7
 

9
.8

 

1
6

.8
 

1
2

.4
 

6
.8

 
6

.7
 

.5
 

3
.1

 

6
.5

 
5

.7
 

0
.1

 
0

.0
 

1
2

.7
 

1
1

.7
 

1
.0

 
0

.9
 

0
.6

 
0

.8
 

2
2

.2
 

1
9

.2
 

0
.3

 
0

.0
 

0
.2

 
0

.9
 

0
.8

 
1

.1
 

w
 

~
 

0
0

 $ ~ ~ 



VEGETABLE OIL TRIACYLGLYCEROLS 3959 

peaks. Some linolenic acid containing TAG eluted with 

linoleic TAG during Ag-HPLC of linolenic acid 

containing vegetable oils. (Christie, using a 

different Ag-HPLC column and a more complex mobile 

phase system, also observed that TAG containing T and D 

were unresolved with linolenic acid rich oils like 

linseed [16J.) The GC-FID procedure was particularly 

useful for analysis of fractions which contained both 

dienoic and trienoic acid containing TAG. GC analysis 

was previously demonstrated by Christie for 

identification of TAG components represented by Ag-HPLC 

chromatogram peaks (16). 

The retention volumes of the vegetable oil TAG 

increased as the number of double bonds increased from 

zero to nine (by the total number of fatty acid double 

bonds in the triacylglycerol). TAG containing the same 

number of double bonds (for example, SSD vs. SMM and 

SDD vs. MMD) showed partial resolution, perhaps due to 

secondary partition or adsorption mechanisms. However, 

computer integration of the TAG chromatogram peaks 

allowed estimation of the amount of each TAG. Other 

TAG with the same number of double bonds, like the pair 

MDD and TMM and the pair DDD and TDM showed no 

resolution and estimation of these components was based 

on GC-FID analysis of the TAG fraction after 

transmethylation. 

The accuracy of the TAG quanti tat ion by Ag-HPLC

FID with 0.5% acetonitrile/hexane system relative to 

TAG standards known by weight was previously reported 

(7). We found area percent compared well to weight 

percent without having to apply response factors for 

tristearoyl (SSS) , trioleoyl (MMM), trilinoleoyl (DDD) , 

triarachidonoyl (tetraenoic fatty acids), and 

tricrepenynoyl (monenoic alkynoic fatty acids) 

glycerols. Also, FID linear response had been 

demonstrated for another Ag-HPLC column with a 
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different mobile phase, for tripalmitoyl and 

trilauroylglycerols (14). Unlike TAG analyses obtained 

by Ag-HPLC systems with light scattering and 

ultraviolet detectors which required response factors 

for quantitation (5, 16), the TAG quantitation reported 

for the vegetable oil TAG resolved by Ag-HPLC-FID in 

Tables 1-3 gave good quantitation without response 

factors of the oil composition. 

Previously, good TAG quantitation without response 

factors was demonstrated for the HPLC FID detector in 

combination with reversed phase HPLC (RP-HPLC FID) 

analyses of vegetable oils (8, 17). TAG quantitation 

by RP-HPLC-FID, which resolves TAG based on both fatty 

acid carbon number and unsaturation is also presented 

in Tables 1-3. Quantitative results for many of the 

TAG resolved by Ag-HPLC-FID were in agreement with 

those for RP-HPLC-FID analysis of the same oil. Thus, 

identification of the TAG resolved by Ag-HPLC is 

further supported by RP-HPLC analyses. 

Fatty acid composition calculated from the 

quantitation of resolved TAG (10,16) by Ag-HPLC-FID and 

the experimental GC analysis of the methyl esters of 

the same oil are presented in Table 4. These results 

further confirm the TAG identity and quantitation 

determined by Ag-HPLC FID analyses. 

In a previous study of margarine basestock 

formulations, we used the RP-HPLC-FID method for TAG 

analyses of interesterified blends of fully 

hydrogenated soybean oil with nine commonly used 

vegetable oils (12). TAG composition data obtained by 

Ag-HPLC-FID and by RP-HPLC-FID of corn oil and the 

basestocks produced by randomization of corn oil, the 

corn oil blend with cottonseed stearine and its 

interesterified product are presented in Table 5. 
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TABLE 4 
Fatty Acid Composition of Selected Vegetable Oils as 
Calculated from Triacylglycerol Composition and as 
determined by Gas Chromatography of the Respective Oils 
after Transmethylation-

Vegetable Area Percent 
Oil Method Fatty Acid Composition 

Saturated Oleic Linoleic Linolenic 

Coconut HPLC 88.7 3.4 7.9 0.0 

GC 88.3 2.9 8.8 0.0 

Palm HPLC 49.3 40.8 9.8 0.0 

GC 48.9 41.1 9.9 0.0 

Cottonseed HPLC 25.7 15.9 58.2 0.2 

GC 25.1 16.1 58.6 0.2 

Olive HPLC 16.5 70.0 13.3 0.3 

GC 16.8 69.9 12 .3 1.0 

Peanut HPLC 16.7 49.2 33.3 0.8 

GC 19.8 48.0 31.9 0.3 

Safflower HPLC 9.2 14.9 75.1 0.8 

GC 9.3 14.8 75.2 0.2 

Corn HPLC 13 .9 26.1 59.6 0.4 

GC 13.8 26.4 59.0 0.8 

Pumpkinseed HPLC 21.0 24.6 54.1 0.3 

GC 18.7 25.7 54.8 0.8 

Linseed HPLC 9.4 17.3 31.2 42.1 

GC 9.6 19.3 29.9 41.2 

Soybean HPLC 14 .3 24.8 53.3 7.6 

GC 14.9 25.1 52.8 7.2 

Canol a HPLC 8.7 57.3 27.4 6.6 

GC 8.5 56.3 26.2 9.0 

~Conditions given in Experimental Section. 

Composition data for soybean oil, randomized soybean 

oil, soybean oil blend with cottonseed stearine and 

its interesterified product are given in Table 6. Ag

HPLC chromatograms of the corn oil products are given 

in Fig. 1 and for the soybean oil products in Fig. 2. 

There is good agreement between the composition 

data obtained by RP-HPLC FID or by Ag-HPLC FID (Tables 

3961 

5 and 6) . These results show Ag-HPLC FID is a suitable 

method for analyses of the TAG composition changes 
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FIGURE 1. Triacylglycerol analyses by Ag-HPLC-FID of 
corn oil and randomized corn oil, blend of corn oil and 
cottonseed oil stearine and its interesterified 
product. See notes in Table 1. 
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obtained by randomization, blending and 

interesterification of fats. For example, in Table 5, 

TAG composition of randomized corn oil relative to that 

of the starting oil showed slight decrease in SMD 

compared to MMM and slight increase in MMD compared to 

SDD. The blend of corn oil and cottonseed oil stearine 

showed the high concentration of SSS which was greatly 

reduced with increase in other TAG after 

interesterification. Similar results were obtained 

from the soybean oil study. TAG composition of 

randomized soybean oil relative to that of the starting 

oil showed a decrease in SMD compared to MMM and an 

increase in MMD compared to SDD. The blend of soybean 

oil showed a high initial concentration of SSS, which 

was greatly reduced after interesterification. 

Ag-HPLC FID, with isocratic mobile phase of 

acetonitrile/hexane, is thus a suitable method for 

vegetable oil TAG analysis, yielding chromatograms 

which are easy to interpret and to quantitate. The 

chromatograms for TAG eluted by Ag-HPLC compared to RP

HPLC are less complex due to TAG elution with respect 

to fatty acid double bond number as opposed to both 

unsaturation and carbon chain length for TAG eluted by 

RP-HPLC (8,9,12,18). 
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A MODIFIED SIMPLE AND RAPID 
REVERSED PHASE HIGH PERFORMANCE 

LIQUID CHROMATOGRAPHIC METHOD FOR 
QUANTIFICATION OF AMITRIPTYLINE AND 

NORTRIPTYLINE IN PLASMA 

J. ATIA-POLITOU, K. TSARPALIS, AND A. KOUTSELINIS 
Department of Forensic Medicine and Toxicology 

School of Medicine, University of Athens 
M. Asias 75-Goudi, Athens 11527, Greece 

ABSTRACT 

A simple and rapid reversed-phase liquid chromatographic method for the 
determination of amitriptyline and nortriptyline in plasma is described. Protriptyline was 
used as internal standard. Plasma samples were extracted from alkaline pH with hexane
isoamyla1cohol 98:2 v/v for 60 sec on a vortex apparatus. The organic phase was back 
extracted with HCl 0.1N and the aqueous phase was injected directly and monitored at 
240nm. Samples were chromatographed on a 5 !-1m Kromasil 100-C8 column 
(25 em x 4 mm id) using acetonitrile/0.04M KH2P04 40:60 v/v as the mobile phase. 
The lower limit of detection was 5 ng/ml for amitriptyline and nortriptyline while the 
lower limit of quantification was 10 ng/ml for both compounds. Peak height and plasma 
amitriptyline or nortriptyline concentrations were linearly related from 25 to 300 
ng/ml. No potential sources of interference have been identified. The methodology was 
used to monitor plasma amitriptyline or nortriptyline concentrations in patients receiving 
therapeutic doses of these drugs as well as for qualitative determination of several 
tricyclic antidepressants in plasma in cases of emergency toxicology. 
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INTRODucnON 

Tricyclic antidepressants are widely used in the treatment of patients suffering 

from depression. Therapeutic monitoring of tricyclic antidepressants plasma levels can 

be important in determining clinical efficacy, predicting side effects and monitoring 

compliance (1-4). Various methods have been described for the measurement of tricyclic 

antidepressants in plasma and have been extensively reviewed (5-7). High performance 

liquid chromatographic (HPLC) approaches for the determination of tricyclic 

antidepressants in plasma have been reported in the literature (8-23). 

The most widely used tricyclic antidepressant is amitriptyline (AT). Its main 

metabolite nortriptyline (NT), formed by mono-N-demethylation, also contributes 

towards the pharmacological activity and is also marketed as a therapeutic agent. 

Many analytical methods have been described for the determination of AT and 

NT, in plasma. Among these methods several are based on normal phase (10,11,24,25), 

reversed-phase (12-15,26,27) and ion-pair reversed-phase (16,28) high performance 

liquid chromatography as well as on gas chromatography (29-32). 

This report describes a relatively simple, specific and accurate reversed-phase 

liquid chromatographic method, which allows quantification of AT and NT in plasma. 

The method developed modifies previously described methods (12-16,26) in several 

aspects offering convenience and rapidity in analysis. These modifications include the use 

of C-8 column with a simpler mobile phase, in which no pH adjustment or addition of 

amines are required , two rapid extraction steps and a direct injection of the aqueous 

acidic phase onto the HPLC system. Preliminary data suggests that the method is equally 

suitable for quantification of clomipramine in plm>ma as well as for qualitative 

determination of several tricyclic antidepressants and their metabolites in plasma, in 

cases of emergency toxicology. 

MATERIALS AND METHODS 

Apparatus 

Chromatography was performed with an HPLC system consisting of a JASCO 

(Japan Spectroscopic Co. LTD) Model 880PU pump fitted with a model 880-02 Ternary 

Gradient Unit which was used under isocratic conditions on manual mode. The system 
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fitted with a Model 7125 manual injector (Cotati, Rheodyne, California, U.S.A.) and a 

50 III sample loop. 

A Jasco Model 875 UV variable wavelength UV/VIS detector was operated at 240 

nm. Samples were chromatographed on a 5 11m Kromasil 100-C8, 25 cm x 4 mm (i.d) 

reversed-phase column (MZ Analysentechnic D-6500 Mainz). A Hewlett Packard 

HP3394A integrator was used to record chromatograms, at peak height mode 

(chart speed 0.5 cm/min). A Millipore filtration system (Millipore, Bedford, M.A. USA) 

with type HV Millipore filters (pore size 0.45 11M) was used, for degassing mobile 

phase under vacuum. 

Reagents and chemicals 

Acetonitrile and water were HPLC grade (Lichrosolv ®) and were obtained from 

Merck. Hexane and isoamyla1cohol were analytical grade and were obtained from 

Ferak-Berlin. Amitriptyline, nortriptyline and protriptyline were gifts from local 

representatives. 

Chromatographic Conditions 

The mobile phase consisted of acetonitrile/0.04M KHzP04 40:60 vivo A flow rate 

of 1.0 ml/min was used at ambient temperature, resulting in a pressure of about 

130 kg/cmz. Mobile phases were degassed by vacuum through filtration, after mixing. 

Analysis was performed at 240 nm with the detector set at 0.004 absorbance units 

full-scale. 

Standards for calibration graphs 

Stock standard solutions of AT, NT, and protriptyline (Pro), which was used as an 

internal standard, were prepared in methanol to give final concentrations of 1 mg/ml. 

Standards stored at 4°C have been stable for 8 months. Standard solutions of final 

concentration of 100 Ilg/ml were prepared by diluting the stock standards lO-fold with 

distilled water. An aqueous reference solution containing both AT and NT to final 

concentration 10 I-tg/ml was prepared from a 100 I-tg/ml standard solution of each 

compound. Working solutions were prepared containing 0.25,0.50,0.75, 1.0, 1.5, 2.0, 2.5, 
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Figure 1: Chromatograms obtained from: 
(a) a direct injection of an aqueous test solution containing 11lg/ml of AT,NT and 
0.151lg/ml of Pro. Injected volume 50111, corresponding to SOng AT,NT and 7.5ng 
Pro 
(b)an extracted drug free plasma 
(c) an extracted drug free plasma supplemented with AT,NT,Pro to 200, 200, 
30ng/ml respectively and 
(d)an extracted plasma sample of a patient receiving 150mg amitriptyline daily for 
S days. 

AT: 101.7ng/ml NT: 42.Bng/ml 
Amitriptyline (AT), Nortriptyline (NT), Protriptyline-Internal standard (Pro). 

Assay versatility 
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The method was also evaluated for qualitative analysis of several tricyclic 

antidepressants and their metabolites in plasma, in cases of emergency toxicology 

(screening method). Preliminary data suggests that the method is equally suitable for 

quantification of clomipramine in plasma. 
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Flgur.2. Chromatograms obtained from a direct in,ection of an aqueous solution containing 
l~g/ml of compounds 1,2,3,4,5,7,8,9,10 and 0.20~g/ml of coumpound 6 (In,ected volume 50ul. 
corresponding to SOng of each of compounds 1,2.3,4,5,7,8,9,10 and lOng of compound 6) [al and 
an extracted drug free plasma supplemented with compounds 1,2,3,4,5,7,8,9,10 to l00ng/ml and 
compound 6 to 20ng/ml [bl. 

1: E-l O-OH-nortriptyline(Rt=2.67), 2:Z-1 0-OH-nortriptyline(Rt=3.11 ), 
3:8-0H-desmethylclomipramine.HCI (Rt=4.19), 4:8-0H-Clomipramine(Rt=4.57), 
5:Doxeplne(Rt=5.04), 6:Protnptyline(Rt=6.04), 7:Nortriptyline(Rt=6.86), 
8:Amitriptyline(Rt=7.84), 9: Desmethylclomipramine.HCh(Rt=9.32), 
10:Clomlpramine(Rt=10.71 ) 

TABLE 1. 

3975 

Absolute Extraction Recoveries and Coefficient of Variation(CV) of nortriptyline, 
amitriptyline and protriptyline from spiked plasma samples. 

Nortriptyline Amitriptyline Protriptyline* 

Spiked plasma 
standards (ng/ml) 

Rec% ± SD CV Rec% ± SD CV Rec% ± SD CV 
50 (n = 5) 88.7 ± 7.7 8.7 93.4 ± 11.8 12.6 96.0 ± 4.3 4.5 
150 (n = 5) 95.7 ± 4.2 4.4 89.4 ± 4.2 4.7 95.8 ± 2.5 2.6 
300 {n = 52 87.0 ± 7.6 8.7 83.8 ± 7.3 8.7 92.5 ± 6.0 6.5 

* All spiked plasma standards contained protriptyline (internal standard) to 30ng/ml. 
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TABLE 3. 

Within-run accuracy and reproducility data of amitriptyline and nortriptyline from 
spiked plasma samples. 

Amitriptyline Nortriptyline 

Conc Added (ng/ml) 50 150 300 50 150 
Conc Found g/ml(x) 54.18 151.72 307.60 41.41 145.64 
SD 6.38 9.95 12.90 5.02 6.88 
CV% 11.77 6.56 4.19 12.12 4.72 
Rr (Rel.range) 0.31 0.20 0.12 0.34 0.14 
Er (Rel.error) 0.08 0.01 0.02 -0.17 -0.03 
n 5 10 5 5 10 

TABLE 4. 

Compounds studied for interference. 

Lorazepam (a) 
Oxazepam (a) 
Bromazepam (a) 
Triazolam (a) 
Diazepam (a) 
Nitrazepam (a) 
Alprazolam (a) 
Artane (a) 
Theophylline (a) 
Pseudoephedrine (a) 
Haloperidol (a) 

(a) = Not detected 
(b) = Interfered, see text. 

Rt(min) 

(c) = Detected but not interfered. 

Phenobarbital (c) 
Chlorpromazine (c) 
Chlordiazepoxide( c) 
Chlorpheniramine( c) 
Propanolol (c) 
Propoxyphene (b) 
Maprotiline (b) 
Imipramine (b) 
Phenytoin (b) 

300 
293.50 

9.53 
3.24 
0.10 

-0.02 
5 

Rt(min) 

4.49 
9.10 
8.66 
3.61 
4.25 
7.62 
7.60 
7.20 
6.75 
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C-18 (Lichrospher RP-18, MZ Analysentechnic D-6500 Mainz) column was tested, 

which has been used in previous studies (14-16,26) and the aqueous acidic phase was 

injected directly onto the HPLC system, unsatisfactory chromatograms were obtained, in 

regard to peak shape and resolution, after 50 injections of extracted plasma samples. 

On the contrary, the C-8 material was far more favourable with respect to column 

efficiency and peak shape. Moreover the C-8 column proved to be more resistant in our 

hands, being used for the analysis of more than 20 plasma samples per day. The use of 

acetonitrile / 0.04M KH2P04 40:60 v/v as the mobile phase resulted in an excellent 

separation of the substances which were studied. In this methodology, pH adjustment of 

the mobile phase, used in other methods (13-16) has been avoided. Furthermore, the 

addition of aliphatic amines in the eluent, as competing bases for silica sites to decrease 

chemisorption which causes peak tailing, reported in other studies (13,26), has also been 

avoided. Therefore, it can be concluded that the method developed is more convenient, 

in comparison with previously reported ones. 

The methodology used in this study, proved to be precise and accurate for the 

determination of AT and NT in spiked plasma samples (Table 3). Moreover plasma AT 

and NT levels in 10 patients included in this study, who received different oral doses of 

AT daily, are in accord with those reported in relevant studies (1,2). 

Although the method has not been extensively used for the determination of 

clomipramine and its metabolites desmethylclomipramine, 8-0H-clomipramine and 

8-0H-desmethylclomipramine, it appears to have sufficient specificity, sensitivity and 

precision using protriptyline as internal standard. 

The methodology developed in this study can also be used as a screening 

procedure for the qualitative determination of several tricyclic antidepressants and their 

metabolites in plasma (Fig.2), being extremely useful in cases of emergency toxicology, 

as a part of the general toxicological analysis. 

In conclusion, the analytical methodology developed in this report is simple, rapid, 

accurate, sensitive and specific. It can be used for monitoring plasma AT and NT 

steady-state concentrations as well as the sub therapeutic concentrations encountered 

during the initial start-up phase of AT therapy. The present methodology also provides 

the possibility for qualitative determination of several tricyclic antidepressants in plasma; 

this is certainly of value in cases of emergency toxicology. 
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ABSTRACT 

A simple and reliable high performance liquid chromatographic (HPLC) method for 
the quantification of isosorbide 5- mononitrate and inorganic nitrate impurity in raw 
material and dosage formulations has been developed and validated. The procedure which 
simultaneously resolves active organic nitrates: isosorbide 5-mononitrate, isosorbide 
2-mononitrate and isosorbide 2.5-dinitrate , and main impurities (including related nitrate 
and acetate esters) , may be used as a control of purity of raw material and dosage forms. 

INTRODUCTION 

Coronary vasodilator isosorbide dinitrate (ISDN) was found to metabolize the 

following active mononitrates : isosorbide 5-mononitrate (5-ISMN) and isosorbide 

2-mononitrate (2-ISMN). The former one has been recently found to be more active or less 

toxic and therefore predominantely used in the treatment of angina pectoris. 
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A stock solution of 0.5 mg!ml sodium nitrate was prepared in water; calibration 

solutions were prepared by diluting the stock solution to obtain 0.25 - 2.5 ,ug!ml. 
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Sample solutions - The amounts of raw material or powdered pellets containing 50 mg 

of 5-ISMN were dissOlved in 100 ml water. After filtration, the aliquots of 50,u1 sample 

solution were subjected to HPLC for an inorganic nitrates assay. 50,u1 of the diluted sample 

solution to 0.2 mg!ml were subjected to HPLC for 5-ISMN assay. 

RESULTS AND DISCUSSION 

Separation of 5-ISMN from active nitrates 2-ISMN, ISDN, and potential impurities, 

arose from different sources such as :IS (starting material in the synthesis), IS-2A, ISDA, 

IS-2A5N (intermediates in the synthesis), and inorganic nitrates (degradation products), is 

shown in Fig.1. It can be observed that under the conditions of the procedure, IS and 

inorganic nitrates have similar retention time (about 1.6 and 1.7 min., respectively). 

However, inorganic nitrate has a lower detection limit (factor 103) than IS and its 

determination from diluted samples cannot be interfered by IS. 

Validation of the method 

Linearity 

The response (peak area) was proportional to the concentrations over the range 

tested; between 0.1 and 0.25 mg!ml for 5-ISMN and 0.1 to 5,ug Iml for inorganic nitrates 

(equivalent to 0.1 -2 % of the 5-ISMN concentration). The regression equations were 

y= 4.3 + 1944x with a correlation coefficient of r=0.999 (n=5), where x=mg!ml and 

y= 4 + 224x, and r=0.998(n=5), where x=flg!ml for 5-ISMN and inorganic 

nitrates,respectively. 

Precision 

The repeatability of the analytical system was determined by using two samples of 

5-ISMN found to contain 0.176 and 0.5% of inorganic nitrates impurities. Six consecutive 

replicate injections of each sample gave a relative standard deviation (RSD) of 2.7 and 0.9%. 

The repeatability of 5-ISMN assay running the concentrations of 0.1, and 0.2 mg!ml, gave a 

RSD of 1.5 and 0.7%. 

Recovery 

The accuracy of the method was proved by determination of 5-ISMN from 

laboratory-made tablet excipient mixture spiked with a 5.3, 14.8 and 24.4 mg of 5-ISMN: 
recoveries were 100.26, 100.67 and 100.09, respectively. A solution containing 5-ISMN with 

no detectable amount of inorganic nitrates was spiked with aliquots of the impurity solution 





ISOSORBIDE 5-MONONITRATE 

at two concentrations of 1.25 and 5,ug/ml (equivalent to 0.5 and 2%). Recoveries obtained 

were 102.5% and 100.5%. Detection limit of the method was 1.5,ug/ml for 5-ISMN and 

0.065,ug/ml (equivalent to 0.024%) for inorganic nitrates. 

Application 
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The method was used to screen the raw material and dosage forms on inorganic 

nitrates impurities. The results obtained for 5-ISMN and inorganic nitrates assay are shown 

in Table 1. The results obtained for inorganic nitrates of 0.11 % for raw material and 

0.17 - 0.2% for dosage forms meet the requirements of USP not exceeding 2%. 

The results suggest that because of its sensitivity and reproducibility, the method may 

be suitable for the simultaneous determination of 5-ISMN and inorganic nitrates impurities 

in raw material and dosage formulations. 

Simple isocratic system used for separation is found to be suitable for routine purity 

control of active nitrates. 
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ABSTRACT 

A high - performance liquid chromatographic method for the determination of 
alfuzosin in human plasma has been developed and validated. A column
switching procedure without extraction was used to isolate the drug from 
biological matrix prior to the quantitative analysis. The lower limit of detection 
for the analyte was 1 ng/mI. The method was linear from 2 to 150 ng/mI for 
human plasma. Within- and between-assay precision and accuracy were all found 
to be <5.2% at the eight concentrations evaluated. This procedure, simple and 
rapid, is suitable for pharmacology studies on alfuzosin. 

INTRODUCTION 

Alfuzosin is a selective antagonist of <x1-adrene:gic receptors [1], active as 

antihypertensive agent [2], recently introduced in therapeutics for the treatment 
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Figure 1 Chemical structure of alfuzosin. 

Chromatographic System and Conditions 

The chromatographic apparatus consisted of a model 510 and a model M-45 

solvent delivery systems (Waters Associates, Milford, MA, USA). The 

luminescence detector model LS 30 (Perkin-Elmer, Rome, Italy) was set at 265 

nm (excitation wavelength) and 400 nm (emission wavelength). The 

chromatograms were recorded on a model HP-3296-II integrator (Hewlett

Packard, Rome, Italy). A model 7125 sample injector and a six-port switching 

valve model 7000 (Rheodyne, Cotati, CA, USA) were used. The 

chromatographic arrangement (Fig.2) included a clean-up column (50 x 4.6 rom 

i.d.) filled with LiChrosorb CI8 (10 ~m) reversed-phase material (Merck, 

Darmstadt, Germany) and a guard column (20 x 4.6 rom i.d.) (not shown in 

Fig.2), packed with Pellicular-CN (40 ~m) (Supelco, Bellefonte, PA, USA), 

placed between the switching valve and the an~lytical column. This was a 

cyanopropyl column Spherisorb S5W (25cm x 4.6 rom i.d., 5 ~m particle size) 

(Phase Separations, UK). The clean-up solvent from pump A consisted of 

methanol-water (5:95, v/v). The analytical solvent from pump B was a mixture 

of acetonitrile-methanol-0.05M phosphate buffer (38:2:60, v/v/v). The pH of 

the phosphate buffer was adjusted to 2.5 with orthophosphoric acid. The mobile 
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diluting the stock solution with control human plasma. Calibration curve was 

obtained by plotting the peak-area of alfuzosin against the drug concentration. 

Analysis of Samples 

After injection of 50 J.11 of plasma sample into the clean-up column, which had 

been previously equilibrated with clean-up solvent (methanol-water 5:95, v/v), 

the column was washed for 1 min with this solvent at a flow-rate of 1.0 mlImin. 

The substance adsorbed on the clean-up column was then introduced into the 

analytical column with the analytical mobile phase, by switching the six-port 

valve to back-flush mode for 2 min. The six-port valve was then returned to its 

initial position. The analytical column was disengaged from the clean-up 

column, and the latter was equilibrated with clean-up solvent ready for the next 

injection. The separation was carried out with analytical solvent at a flow-rate of 

1.0 mlImin, and the analysis was achieved by using the above calibration curve. 

RESULTS AND DISCUSSION 

Under the chromatographic conditions described, the alfuzosin peak is well 

resolved. Fig. 3 shows typical chromatograms of blank plasma, blank plasma 

spiked with alfuzosin, and plasma of a volunteer treated with alfuzosin. No 

endogenous component or metabolite was observed near the retention time 

corresponding to alfuzosin. The retention time for alfuzosin was 6.2 min. The 

equation obtained through regressional analysis of data for the above standard 

solutions was y=6-104 + 1.5-104x with correlation coefficient r=0.998, where y= 

peak-area in the arbitrary units of the HP-3396-11 system used and x=alfuzosin 

concentration (nglml). The assay was validated by analysing seven alfuzosin 
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TABLE 1 
Within - day precision and accuracy in the calibration 
standard of alfuzosin in human plasma. 

Theoretical Measured CV RE 
concentration concentration * (%) (%) 
(ng/ml) (ng/ml) 
2.0 1.92±0.10 5.2 4.1 
3.0 2.90±O.18 5.2 3.4 
5.0 4.89±O.22 4.4 2.2 
10 9.70±O.48 4.9 3.0 
20 19.20±0.67 3.5 4.1 
50 48.30±1.50 3.1 3.5 
100 97.50±1.96 2.0 2.5 
150 149±0.8 2.0 2.1 
* Mean of five assays±SD; CV = Coefficient of 

Variation; RE = Relative Error. 

TABLE 2 
Between - day precision and accuracy in the 
determination of alfuzosin in human plasma 
Theoretical Measured CV (%) RE 
concentration concentration * (%) 
(ng/ml) (ng/ml) 
2.0 1. 92±O.64 3.3 3.7 
3.0 2. 84±O.12 2.8 3.4 
5.0 4.95±O.05 2.1 2.0 
10 9.7±O.04 4.1 3.1 
20 19.50±O.70 3.6 2.5 
50 49. 15±1.50 3.0 2.7 
100 98.30±1.30 3.3 2.7 
150 148±1.70 4.2 3.4 
*Mean of five assays±SD; CV = Coefficient of 

Variation; RE = Relative Error. 
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ABSTRACT 

Benomyl is determined as carbendazim by using an 
analytical procedure that involves a previous 
lyophilization of the sample, then an extraction with 
ethyl acetate and after that a liquid-liquid 
partition. Carbendazim is evaluated by reversed-phase 
high performance liquid chromatography with 
fluorescence detection. The degradation rate of 
benomyl added on lettuces grown in greenhouses is 
strongly dependent on the temperature, which 
stablishes the security times for their trading. 
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determined as carbendazim, introducing an acid 

hydrolisis step on the analytical procedure. Such 

procedure usually has an extraction step with organic 

solvents, one or more liquid-liquid partitions and 

then a HPLC determination with ultraviolet or 

fluorescent detection [6, 7, 9J, but they have also 

been proposed other non-chromatographic techniques 

such as fluorescence, spectrophotometry, differential 

pulse polarography and inmunoassay among others [12-

19J . 

In this work the dissipation of benomyl on 

treated lettuces growing in greenhouse has been 

studied, trying to relate such dissipation with the 

temperature and with the intensity of fungicide 

treatment. To this aim, an ordinary clean-up 

procedure with HPLC-fluorescence detection, adecuated 

for evaluating high levels of carbendazim, has been 

used; it has also been included a previous step of 

lyophilization of the sample [20J . The suitability of 

the analytical procedure has been tested on fortified 

samples of lettuce and tomato. Some considerations 

about the mobile phase composition, the wavelength 

selection and the stability of benomyl in aqueous 

solution have been made. 
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EXPERIMENTAL 

Reagents 

Residue analysis grade ethyl acetate, methanol, 

and n-hexane, and HPLC grade acetonitrile were 

purchased from Panreac (Barcelona, Spain) and SDS 

(Peypin, France). Ultrapure water was supplied by a 

Milli-Q plus apparatus from Millipore (Milford, Ma). 

Benomyl and carbendazim certified purity standards 

were supplied by Promochem (Wesel, Germany). 

Hydrochloric acid and sodium hydroxide were obtained 

from Panreac, and cellulose powder from Aldrich 

(Steinheim, Germany). 

Apparatus 

Fluorescence measurements were made on a 

Perkin-Elmer LS-5 computer-controlled 

spectrofluorimeter (Norwalk, Co) 

Lyophilization equipment, furnished with a 

vacuum pump and a freezing system, was purchaded from 

Telstar (Barcelona, Spain) 

Turbo-vap evaporator system furnished with a 

thermostated water bath and nitrogen sweeping was 
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obtained from Zymark (Hopkinton, Ma) Kokusan 

centrifuge (Tokyo, Japan), universal food cutters and 

mechanic stirrers were also employed. 

Sample preparation 

Prior to extraction, an amount of 100 g of 

vegetable sample (lettuce leaves or tomato pulp and 

peel) was minced and blended with 20 g of powdered 

cellulose. Optionally, a known volume of a benomyl 

solution was added for spiking the sample. The 

mixture was then homogenized by shaking and frozen at 

-35°C for subsequent lyophilization. 

Extraction 

A lyophilized vegetable sample (0.2 -2 g) was 

extracted by mechanical stirring with 10 ml of ethyl 

acetate for 10 min. The mixture was then centrifuged 

at 3000 rpm for 5 min and the organic phase was 

collected. The solid residue was extracted with 

another 10 ml of ethyl acetate, stirring for 10 min, 

and the liquid phase separated through 

centrifugation. The two organic phases collected were 

mixed and treated with 5 ml of 0.01 M HC1. After 
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stirring for 5 min,S ml of 0.1 M NaOH were added. 

The resulting phases were separated by centrifugation 

and the lower aqueous layer was discarded. The 

organic phase was evaporated to dryness under a 

nitrogen stream at 40°C. The extract was dissolved by 

shaking in 2 ml of methanol and 5 ml of n-hexane. 

After separation, the methanol extract was collected, 

filtered through a PTFE filter (0.5 ~m pore size) and 

analysed by HPLC. 

HPLC system 

The HPLC system consisted of a ConstaMetric 4100 

quaternary pump, an AutoMetric 4100 autosampler, a 

membrane degasser and a SpectroMonitor 3200 uv

visible detector, all of which was supplied by LDC 

Analytical (Riviera Beach, FI), in addition to a 

Waters 470 fluorescence detector (Milford, Ma) Data 

were acquired and processed by means of a 

computerized system. 

The chromatographic conditions used for the 

determination of carbendazim in the lettuce extracts 

were as follows: 150 x 4.6 mm Spherisorb ODS-2 column 

from Phenomex (Torrance, Ca), acetonitrile-water 

30:70 as mobile phase at a flow-rate of 1.5 ml/min, 
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injected volume: 25 ~l, excitation and emission 

wavelengths for fluorescence detection: 285 and 317 

nm, respectively. Carbendazim from tomato samples was 

eluted with acetonitrile-water 20:80 at a flow-rate 

of 1.5 ml/min. Benomyl was determined using 

acetonitrile-water 50:50 as mobile phase at a flow

rate 1 ml/min and UV detection at 220 nm. The 

chromatographic column and the mobile phase were both 

thermostated at 25°C. 

RESULTS AND DISCUSSION 

Stability of benomyl in solution 

A preliminary study about the stability of 

benomyl in aqueous solution was carried out by HPLC 

with UV detection in order to determine its 

degradation rate. The experiment was performed with 

the commercially available formulation Benlate, a 

preparation containing 50% benomyl, from Du Pont de 

Nemours (Wilmington, De) and a certified standard, 

all of which gave rise to a degradation profile such 

as that shown in Fig. 1. Benomyl peak area decreased 

by 50% within 7 h after preparation and by 70% after 

15 h. The degradation rate was somewhat higher in the 

first hours. 
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Figure 1: Degradation of benomyl in aqueous solution. 

Since the degradation rate of benomyl is higher 

in organic solvents in relation to aqueous solutions 

[10, 21] , laboratory determination is usually 

avoided. This led to evaluate the fungicide via its 

most common metabolite, carbendazim. The 

concentration of carbendazim analytically determined 

on vegetables will have two origins: the hydrolysis 

of benomyl and the carbendazim yielded by natural 

degradation under the prevailing environmental 

radiation, temperature and moisture conditions. 
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Selection of wavelengths 

Figure 2 shows a three-dimensional 

representation, fluorescence intensity-excitation 

wavelength-emission wavelength, and its matching 

contour diagram for a methanol solution of 

carbendazim. The maximum fluorescence intensity was 

achieved at a excitation wavelength of 285 nm and a 

emission wavelength of 317 nm. 

It is interesting to note that benomyl dissolved 

in methanol initially exhibits no fluorescence, only 

after a few hours a three-dimensional spectrum 

similar to that observed for carbendazim is obtained. 

Analysis of fortified samples 

Table 1 lists the results obtained by applying 

the extraction and clean-up procedure on fortified 

let:tuce and tomato samples for proving the 

su:.tability of the method. The recoveries achieved 

fo::- different matrices and fortification levels were 

all acceptable (above 95%), with a good relative 

standard deviation that ranged from to 3.3% to 3.8%. 

The appropiate mobile phase varied as a function 

of the matrix due to the presence of different 
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contour map of a carbendazim standard 
dissolved in methanol. 
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TABLE 1 

Recovery (%) 
samples (n=5) 

of benomyl on fortified vegetable 
Lyophilized sample amount: 2 g. 

SAMPLE 

Tomato 
Tomato 
Lettuce 
Lettuce 

FORTIFICATION 
LEVEL (mg/Kg) 

6.0 
0.3 
6.0 
0.3 

U~l: standard deviation 

RECOVERY un _1 

(%) 

95.3 3.4 
97.4 3.8 
96.5 3.5 
99.6 3.9 

coextracted substances. No such substances were found 

in the lettuce extracts, which mobile phase yielded 

a peak for carbendazim at a retention time of 2.8 

min. On the other hand, tomato extracts contained 

unknown compounds whose chromatographic peaks 

overlapped with that of carbendazim under the 

conditions used for the lettuce extracts. The 

chromatographic peaks were isolated by using a 

different mobile phase, the elution of carbendazim 

was delayed to 5.7 min (Figure 3). Table 2 lists the 

retention times for carbendazim obtained with mobile 

phases of different composition. 

The detection limit of carbendazim provided by 

the fluorescence detector was obtained by successive 

dilutions of a standard and found to be 0.07 mg/l. In 

consequence, the detection limit for the lettuce 
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Figure 3: Chromatograms obtained by the proposed 
procedure. 
3 a) Lettuce extract. Mobile phase: 
acetonitrile-water 30:70. 
3 b) Tomato extract. Mobile phase: 
acetonitrile-water 20:80. 
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TABLE 2 

Retention time (in minutes) of carbendazim on alSO 
x 4.6 mm Spherisorb ODS-2 column. Flow-rate 1 ml/min. 

ACN (%) 

50 
30 
25 
20 

RETENTION TIME 

ACN-WATER 

2.3 
3.5 
5.5 
7.7 

ACN-BUFFER* 

1.4 
1.9 
3.0 
5.4 

samples was 0.03 mg/kg while the detection limit for 

the tomato analysis was somewhat higher, 0.05 mg/kg. 

Spanish legislation allows a maximum value of 5 mg/kg 

for leafy vegetables such as lettuces and 2 mg/kg for 

tomatoes, so the method complies with the legal 

limits for both products. 

Dissipation of benomyl on lettuces 

The above method has been applied to the 

determination of benomyl on greenhouse lettuce 

samples that were treated with a suspension (1 gil) 

of Benlate, which was evenly spread on the 

vegetables. 

Three randomly chosen individual lettuce heads 

were cut off at ground level, placed in plastic bags 
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and stored at -20°C in the dark, daily for 30 days. 

The greenhouse was equipped with temperature 

sensors that allowed the average daily temperature to 

be known. 

Figure 4 shows three dissipation curves of 

benomyl, in equivalent units of carbendazim, and the 

greenhouse temperature. As can be seen from one of 

the curves in the Fig. 4a, the initial concentration, 

36.3 mg/kg, dropped off to 2.5 mg/kg in 30 days. The 

dissipation rate in the first week was quite low, in 

coincidence with prevailing low temperatures; later, 

the higher temperature seems to increase the 

dissipation rate. Finally, a virtually constant 

residual concentration is observed as a result of a 

slow dissipation rate observed although the high 

temperatures. 

A similar behaviour was observed in the Fig. 4a, 

in the other experiment performed at similar 

temperatures and higher phytosanitary treatment 

intensity. The difference between the concentration 

levels of each experience decreased gradually, 

attaining a similar residual concentration, 2.5-3.0 

mg/Kg, after 30 days. 

As can be observed from Fig. 4b, the higher 

ambient temperature increased the dissipation rate. 
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Figure 4: Dissipation of carbendazim on lettuces. 
4 a) Low ambient temperature. 
4 b) High ambient temperature. 
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In this case, the curve was not asymptotical in the 

first days after treatment; rather, the carbendazim 

concentration dropped off quickly from the beginning, 

from 30.3 to 0.7 mgjkg in l6 days. 

The temperature can influence the dissipation 

rate in vegetables in two ways: through the dilution 

resulting from growth of the plant and through the 

rate of decay of the fungicide on the vegetable. Both 

are favoured by high temperatures. 

On the basis of the maximum allowed carbendazim 

concentration (5 mgjkg) , the vegetables studied would 

be fit for human consumption 22 and 24 days after 

treatment at low temperatures, and only 9 days after 

treatment at high temperatures. The interval of time 

for safe human consumption varies with the ambient 

temperature and the fungicide concentration used in 

the treatment. 

CONCLUSIONS 

The degradation rate of benomyl used on lettuces 

is strongly related to the environmental temperature, 

so higher is the temperature higher is the rate of 

degadation, which is very low at temperatures near 5 

DC. 
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The degradation rate of benomyl is also affected 

by the intensity of fungicide treatment nevertheless 

its impact is lower than the temperature impact. 

The use of lyophilizated sample simplifies the 

laboratory assays reducing the size of the necessary 

sample and the volume of organic solvents used. 
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ABSTRACT 

A new approoch to the analysis of free amino acids from infant foods is 
described. The method is based on reaction of the free amino acids with 
phenylisothiocyanate to form stable derivatives which are subsequently separated 
by liquid chromatography. Sample preparation procedures are described. 
Separation of all amino acids using this method was completed in 20 min. This 
method was much faster than the traditional Ion-exchange methods (2-3 h). 
Variability of the method (expressed as coefficients of variation) for the 
detennination (including preparation of samples, derivatization and liquid 
chromatography) of all amino acid was less than 10%. 

INTRODUCTION 

The used of phenylisothiocyanate (pITC, or Edman's reagent) for amino acid 

analysis was first described by Heinrickson and Meredith (1) and developed 

* Dra. M" Luisa Alonso: Author who correspondence would be addressed 
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commercially by Waters (Milford, MA) as the Pico-Tag method (2,3). In the Pico

Tag method, PITC is used for derivatization of amino acids. Reverse-phase 

gradient elution liquid chromatography is used to separate the phenylthiocarbamyl 

(PTC) derivatives (normally in less than 20 min), which are then detected by their 

UV absorbance at a 254 nm. The PITC derivatization method has been reported to 

be rapid, efficient, and reproducible and to provide results with most amino acids 

comparable to those obtained by conventional ion-exchange methods (4,5). 

The PTC methodology was applied to the analysis of insulin l3-chain, human 

insulin, trypsin and oxytocin (2,6) and has since been applied to several hundred 

proteins and peptides. 

Applications of the PTC derivatization methodology are beginning to appear, 

such as the analysis of amino acid composition of low levels of growth factors 

isolated from bovine neural tissue (7), the characterization of angiogenin from 

human carcinoma cells (8,9). This method has been used to the determination of 

free amino acids in serum and other phisiological samples such as liver, brain and 

heart (10). 

With some minor modifications in sample preparations and chromatography, 

the Pico-Tag method has been applied to the determination of amino acids in food 

matrixes (11,12,13). 

EXPERIMENTAL 

The Pico-Tag method for sample preparation and analysis was used (Liquid 

chromatografic analysis of aminoacids in foods using a modification of the Pico

Tag method, revision 1987, Millipore Corp.), with some modifications as described 

below. 

Reagents and Apparatus 

(a) Reagents. - Potasium hidroxide, sodium acetate trihydrate, glacial acetic 

acid, phosphoric acid and ethanol was obtained from Merck (Barcelona, Spain). 

Disodium hydrogen phosphate and perchloric acid was obtained from Panreac 

(Barcelona, Spain). AU of them were of analytical-reagent grade. Acetonitrile and 

triethylamine (LC grade) were obtained from Scharlau (Barcelona, Spain). 
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Phenylisothiocyanate solution (PITC) (Protein sequencing grade) and amino 

acid standard were purchased from Sigma Chemical Co. (St. Louis, MO). 

(b) Equipment.- High purity water generated by a Milli-Q-Water System from 

Millipore Corp. (Bedford, MA, USA) was used in the preparation of buffers and 

solutions. 

An LC gradient system consisting of a ternary Model SP-8800 pump, a 

Spectra-physics multiwavelenght detector (Spectra-Chrom 200), a integrator 

Chromjet (Spectra-physics), a Rheodyne Model 7125 injector with 20 III loop and 

a temperature control module was used. 

Analyses was performed on a Cl8 Ultrabase (51lm particle size) reversed-phase 

column (25cm x 0.46cm 1.0.) purchased from Scharlau (Barcelona, Spain). 

Samples 

The study was performed on prepared infant foods which were vacuum packed 

and are commercially called pots. Four varieties were analysed: vegetable, meat, 

fish and dessert with six different fruit. These products were supplied for Nestle, 

S.A. The amino acids content of the samples are shown in Table 1. 

Preparation of Samples 

Samples of 5 g were dissolved in 50 mL perchloric acid 0.6N, homogeinized in 

Sorvall. The mixture was then centrifuged at 3500 r.p.m. for 20 min. After that, 

the supernadant was filtered through a 0.45 mm filter (Millex-GS Millipore) and 

pH was adjustment with potasium hidroxide (30%) to 7.0 ± 0.2 measured with a 

pHmeter (CruSON micropH 2001). The filtered was placed the fridge for 5 min. 

The extracts obtained were frozen for later analysis by HPLC, prior to the 

measuring ofthe volume. 

Derivatization of Amino Acids with PITC 

Extract (lmL ) was evaporated to dryness at 37°C under liquid nitrogen. The 

derivatizing solution was prepared just before use, by mixing 70 ilL ethanol, iOllL 

water, 10 ilL TEA and 10 I-lL PITC obtained from Sigma Chemical Co. All amino 
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TABLE 1 
Values obtained from Manufacturer 

Amino acid Vegetable Meat Fish Fruit 
Asp 225 100 230 Il5 
Glu 265 500 370 105 
Ser 90 90 110 30 
Gly 70 90 80 35 
His 40 100 60 25 
Arg 120 190 130 45 
Thr 70 140 100 25 
Ala 85 136 110 40 
Pro 35 140 20 35 
Tyr 50 80 90 20 
Val 90 75 30 35 
Met 20 80 50 15 
Cys 15 25 20 10 
IJe 75 100 IlO 25 

Leu 130 125 80 45 
Phe 85 140 90 30 
Trp 25 40 30 10 
Ll:s 120 250 190 35 

acids were derivatizing by adding 20 J.LL derivatizing solution. The samples were 

mixed, and the tubes were covered with Parafilm and let to stand for 20 min at 

room temperature (18 ± 1 0c) for completion of derivatization. The excess reagent 

was evaporated under liquid nitrogen at 37°C. The residual which corresponds to 

derivatized dried samples was redissolved in 200 ilL sample diluent. This diluent 

was prepared by dissolving 710 mg disodium hydrogen phosphate in 1 L of mixed 

water-acetonitrile (19+1) and by adjusting the pH to 7.40 with phosphoric acid. 

Finally, 20 ilL of sample was then injected into the chromatographic system. 

Chromatography 

The LC procedures are briefly outline below. 

(a) Solvents- Solvent A was prepared by mixing 19 g sodium acetate trihydrate 

in 1 L water. To this solution 500j.I.L TEA was added. The pH was then adjusted 

to 6.40 with glacial acetic acid. Finally, 760 mL of this solution was mixing with 60 

mL pure acetonitrile. 
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Solvent B was prepared by adding 600mL acetonitrile to 400mL water 

followed by mixing and degassing. 

Both solvents were degassed in a ultrasonic bath (Sonorex), and filtered using a 

vacuum pump through 0.45 mash filters (Millipore) 

(b) Gradient conditions.-The gradient conditions used are shown in Table 2. 

Column temperature was maintained at 38±1 °C. The detection was at 254 nm. 

Calculations. 

The amounts of free amino acids in the pots were calculated using peak area 

values. These values yielded concentration values by applying calibration curves 

obtained from known amino acid concentration. 

RESULTS AND DISCUSSION 

Four infant formulas (vegetables, meat, fish and fruits) were analyzed using the 

LC methods described in this report. This method allowed for the separation of 

essential amino acids. 

The amino acid elution profiles of samples of vegetables, meat, fish and fruits 

are shown in Figures 1, 2, 3 and 4, respectively. In general, all amino acids were 

satisfactorily resolved and the separation was completed in 20 min. 

The gradient shape was chosen to optimize the spacing of the separated peaks 

in the minimun analysis time. 

Normally, hydrolyzed samples are redried with methanol-water-TEA before 

derivatization (4, 14). Other researches only used methanol for redrying since the 

use of methanol-water-TEA result in the loss of ammonia (13). But in this work, 

once the samples were evaporated to dryness, they were resuspended into the 

derivatization reagent. 

Moreover, the commonly used composition of the derivatization reagent 

(methanol-TEA-water-PITC, 7+1+1+1) (4, 10, 13) was modified (ethanol-TEA

water-PITC, 7+1+1+1) because the resolution of amino acids obtained was better. 

The resolution of Ser/Gly obtained in this investigation was significantly better than 

that reported by other authors (10,15). 

Lavi et al (16) reported some difficulty in determing lysine, threonine, cysteine 

and histidine by derivatization with PITC and separation of the derivatized amino 
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TABLE 2 
Gradient Table. The gradient was lineal in all cases. 

Time (min) A(%) B(%) 

0 100 0 
14.5 54 46 
15.0 0 100 
17.0 100 0 
20.0 100 0 
20.5 100 0 

Flow 
(mIlmin) 

1.00 
1.00 
1.00 
1.50 
1.50 
1.00 

I. 
TIME (aria) 

FIGURE 1. Elution profile of vegetable sample showing resolution of PTC-amino 
acids by liquid chromatography 

acids by reverse-phase chromatography. These researches (16) used methanol as 

deproteinization agents which have been reported (3) to cause considerable losses 

and reduced yield of many PTC-amino acids. More recently, ultrafiltration has been 

used for deproteinizing samples prior to analysis by liquid chromatography and 

selection of appropiate membrane are important in recoveries obtained of 90% or 

more (10). 

Although the resolution of Cys was not ideal, it was adequate for the 

calculation of this amino acid in most samples. 



FREE AMINO ACIDS IN INFANT FOODS 4025 

, 

" 

FIGURE 2.-Elution profile of meat sample showing resolution ofPTC-amino acids 
by liquid chromatography 

.. 
:> 

nNE (min) 

FIGURE 3.- Elution profile offish sample showing resolution ofPTC-amino acids 
by liquid chromatography 
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" 
nNE (""") 

FIGURE 4.- Elution profile of dessert sample showing resolution of PTC-amino 
acids by liquid chromatography. 

Three samples of each infant food were analyzed to estimate the variation of the 

liquid chromathography method. Moreover, three replicates of the sample extract 

were analyzed to estimate the variation of the chromatography. The reproducibility 

data for each sample are shown in table 3, 4, 5 and 6. The variability expressed as 

coefficient of variation (CV) of the entire analytical procedure, including 

extraction, derivatization and chromatography, for all amino acids was less than 

10%. Variability was highest for cysteine (Cys), tyrosine (Tyr), threonini (Thr) and 

lysine (Lys) (although never greater than 10% CV). 

The coefficient of variation of the entire analytical procedure indicate this 

method seem to be very precise for amino acid analysis in infant foods. These 

experimental results can not be compared to those by other authors since research 

into similar products has not been found in bibliography. Only, Griin et al (17) give 

lysine values for baby vegetable and beef foods between 173.1-246.4 mg lysine! 

100 g of food and between 24.7-13.7 mg lysine/ 100 g offood for banana samples. 
The lysine content of baby food samples was determined by Griin et al (17) by 

using a trinitrobenzenesulfonic acid (TNBS) method, adapted from Hall et al (18). 

Trinitrophenillysine was measured spectrophotometrically at 415 nm. 
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TABLE 3 

Means and Coefficients of Variation (CV) of Amino Acids in Vegetable Samples 
determined by LC Methods 

Amino acid Concentration founda CV(%)6 
Asp 220.39±1O.30 4.67 
Glu 360.34±5.90 1.91 
Ser 91.62±3.65 3.98 
Gly 70.92±2.46 4.17 
His 80.27±3.59 4.47 
Arg 79.46±2.07 2.60 
Thr 62.31±3.29 5.28 
Ala 76.91±3.32 4.32 
Pro 19.12±1.I2 5.86 
Tyr 63.03±3.49 5.53 
Val 66.88±3.40 5.08 
Met 38.64±2.04 5.28 
Cys 11.38±0.78 6.75 
lie 115.02±2.40 2.09 

Leu 83.34±1.93 2.32 
Phe 144.l7±2.90 2.01 
Trp 39.39±1.77 4.49 
Lys 81.57±7.85 9.62 

aMean ± S.D. (n=6) 
bCoefficient of variation 

TABLE 4 
Means and Coefficients of Variation (CV) of Amino Acids in Meat Samples 
determined by LC Methods 

Amino acid Concentration founda CV(%)6 
Asp 137.77±7.16 5.19 
Glu 351.54±12.75 3.63 
Ser 56.65±2.92 5.15 
Gly 67.35±3.28 4.87 
His 85.36±2.21 2.59 
Arg 140. 12±5.62 4.01 
Thr 65.45±3.43 5.24 
Ala 96.40±4.25 4.41 
Pro 138.61±5.68 4.09 
Tyr 53.19±3.16 5.95 
Val 46.34±2.11 4.55 
Met 45.27±2.36 5.21 
Cys 7.22±0.35 4.85 
lie 64.41±2.02 3.14 
Leu 65.44±3.04 4.65 
Phe 92.77±2.55 2.75 
Trp 60.18±2.91 4.83 
Lys 317.07±16.12 5.09 

aMean ± S.D. (n=6) 
bCoefficient of variation 
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TABLE 5 

Means and Coefficients of Variation (CV) of Amino Acids in Fish Samples 
determined by LC Methods 

Amino acid Cocentration founda 

Asp 
Glu 
Ser 
Gly 
His 
Arg 
Thr 
Ala 
Pro 
Tyr 
Val 
Met 
Cys 
Ile 

Leu 
Phe 
Trp 
Lys 

aMean ± S.D. (n=6) 
bCoefficient of variation 

234.60±9.88 
271.78±15.73 
1l0.69±3.72 
80.33±3.84 
126.96±3.95 
131.13±1.61 
57.50±3.75 
122.58±7.32 
22.U±1.21 
65.44±2.60 
52.72±2.27 
40.89±2.26 
5.21±O.13 

84.14±2.23 
43.05±1.41 
160.37±4.05 
78.92±3.96 
214.94±8.69 

TABLE 6 

4.21 
5.79 
3.36 
4.79 
3.11 
1.23 
6.52 
5.97 
5.47 
3.97 
4.30 
5.52 
2.49 
2.65 
3.27 
2.52 
5.02 
4.04 

Means and Coefficients of Variation (CV) of Amino Acids in dessert with six 
different Fruit Samples determined by LC Methods 

Amino acid Concentration founda CV(%)b 
Asp 103.13±3.87 3.75 
Glu 45.62±1.27 2.79 
Ser 29.35±1.34 4.56 
Gly 28. 14±1.22 4.33 
His 54.96±2.06 3.75 
Arg 19.08±0.90 4.72 
Thr 1O.25±O.36 3.51 
Ala 68.19±3.15 4.62 
Pro 32.06±1.16 3.62 
Tyr 11.15±0.86 7.71 
Val 13.79±O.47 3.41 
Met 17.37±0.73 4.20 
Cys 5.07±O.21 4.14 
Ile 12.24±0.24 1.96 

Leu 39.91±1.97 4.94 
Phe 19.60±0.87 4.44 
Trp 1O.05±0.19 1.89 
Lys 24.74±1.34 5.44 

aMean ± S.D. (n=6) 
bCoefficient of variation 
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Amino acids values obtained for us agree well with the values supplied from 

manufacturer (Table 1). 

Other authors have reported PTC-amino acid method agree well with those 

from the ion-exchange analysis for different foods (4,13). 

CONCLUSIONS 

This liquid chromatographic method reported in the present study can be used 

for accurate, rapid (20 min) and reproducible determination of most nutritionally 

important amino acids in this foods including tryptophan .. Moreover, this method 

can be used for rapid determination of available lysine. 
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ABSTRACT 

Molecular characteristics, especially the branching-structure, of glucans 
from starch granules isolated from tubers of potato species Ukomo are 
determined. Granule-fraction with different mean-diameters are provided by sedi
mentation as inital separation step for further investigations. Then aqueous/DMSO 
dissolved starch glucans were separated into a non-branched/long-chain-branched 
and a short-chain-branched fraction by precipitation with n-butanol and methanol, 
respectively. By means of preparative SEC glucan pools of these fractions were 
collected and as well analyzed by means of methylation/GC-MS as checked for 
their individual potential to complex with polyiodide anions. Additionally 
equivaalents of these fractions were debranched by the catalytic action of 
pullulanase to determine the constituting glucan chain distribution by means of 
analytical SEC. Results of branching characteristics in terms of average number 
of monomers between two adjacent branching positions (bp-+bp), average 
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percentage of branching (b%) and E64()I'E525(nb/lcb / scb)-ratio from different 
techniques are in good agreement and yield significantly different values for 
glucans from large and small starch-granules. 

INTRODUCTION 

Multiple and superimposed heterogeneity is a basic quality of polymersl, 

especially of biopolymers like polysaccharides2,3. Properties such as monomer 

composition, molecular weight (degree of polymerization) and branching-charac

teristics are examples for molecular properties which are controlling macroscopic 

material qualities. For this reason there is a strong effort to determine appropriate 

parameters at the molecular level to get reliable selection- and processing

critera4,5. Strategies to gain such characteristic parameters include purification of 

the material of interest without artefacts and the application of separation

techniques combined with suitable methods for identification and 

quantification6,7,8. Due to the fact that polymers show a range of distributions, 

separation-techniques are a most proper tool to increase the quality of information 

because they enable access onto the range and shape of distributions, whereas 

only average values can be achieved from bulk-characterizations9
,1O. But also the 

actually applied mode of separation has to be selected solemnly, stongly depends 

on the parameter of interest, and either is LUI- or ~S-controlled considering that 

any separation is attained by energy-differences in terms of delta Free Enthalpy 

(~G) which includes as well Enthalpy-(LUI) as Entropy-(T~S) contributions. 

Generally, entropy-controlled (LUI~O) separation techniques enable the deter

mination of size-/ shape-distributions, whereas enthalpy-controlled (LUI> > T ~S) 

techniques, even refered as non-exclusion techniques, are applied to achieve 

distributions according to different chemical potentials (~Il)ll. 

A key-subject in the analysis ofbiopolymers is the dependence of material

characteristics on the history of particle-genesis, on specific catalytic mechanisms 
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and on the influence of global (environmental) conditions12•13 • The actual studies 

deal with this topic by investigating molecular characteristics, especially the 

branching-structure, of different fractions of potato-starch which will be 

determined by means of combined application of several preparative and ana

lytical separation-steps, modification-procedures, complexation/precipitation-tech

niques and extended data analysis. Therefore starch granules from tubers of potato 

species Ukomo got fractionated yielding two initial pools of particles with 

different mean-diameter. Both granule-fractions were dissolved in aqueous DMSO 

and splitted into a non-branched/long-chain-branched and a short-chain-branched 

glucan fraction by precipitation with n-butanol and methanol, respectively. 

Preparative SEC of each of these four glucan-species provided glucan-pools which 

were enzymatically debranched and yielded the constituting glucan-chain 

distributions. Analysis of these hydrolization-products was performed by means 

of analytical SEC and included transformation of mass distribution into number 

distribution of molecular weights as an essential procedure. 

MATERIALS AND METHODS 

Starch granules were purified from ripe tubers of potato species Ukomo. 

The tubers were washed, peeled, smashed and suspended in pure water. The 

slurry was sieved to separate the starch components from fibers and then got 

centrifuged to remove water soluble components with the supernatant. 

Sedimentation 

For the pooling of starch granules according to their size the aqueous 

starch-slurry was applied at the top of a water-filled column (ID=63 mm, 

1=340 mm). Separation was achieved by different sedimentation times (ts) of 

large (ts: short) and small (ts: long) particles. Fractions of decreasing particle size 
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were collected, a specimen of large granules (Fr.I: tg=2-5 min) and another one 

of small granules (Fr.II: ts > 30 min) were utilized for further investigations. 

Dissolution 

Starch particles from different pools were dissolved in 90% aqueous 

DMSO with a concentration of 1 % (wtlv). Dissolution was completed by stirring 

over night at 70°C. Clear solutions were obtained either immediately or after 

centrifugation (3000 rpm, 15 min). Analysis of the non-dissolved residues proved 

to be non-starchy materials. Dissolution of starch in DMSO, different to aqueous 

sodium hydroxid, represented an essential purification step because accompanying 

proteins and lipids were insoluble. DMSO dissolved starch samples could be 

stored for several weeks without significant aging-effects such as degradation, 

aggregation or retrogradation. 

Precipitation 

Fractionation of native starch into non-branched/long-chain-branched 

(nb/lcb) and short-chain -branched (scb) components was achieved by 

complexation of aqueous DMSO dissolved starch with n-butanol: nb/lcb glucans 

were precipitated, whereas the scb components remained in solution14
• 450 ml of 

an aqueous 0.15 % (wt./v) NaCl-solution was added to 100 ml of the 1 % (wt.lv) 

DMSO-starch-solution and mixed 10: 1 with n-butanol. This solution was stored 

2 days at 4°C and the resulting precipitate was centrifuged, washed with 

methanol, dried in vacuum and yielded a dry white powder. The scb-starch 

fraction which remained in the supernatant after the n-butanol complexation can 

be precipitated by adding an excess of methanol, i.e. by mixing 1:4 with methanol 

and storing over night at 4°C. This precipitate was centrifuged, washed two times 

with methanol and dried in vacuum. As well the nb/lcb-glucan-fraction as the scb

fraction easily can be redissolved in 90% aqueous DMSO for further 

investigations. 
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Staining: 

Total carbohydrates in the eluate from the semi-preparative SEC-system 

have been determined by mixing 1 m1 of the sample solution with 2 m1 anthron 

reagent (200 mg cristalline anthron p.A. dissolved in 100 m1 H2S04 96 % p.A.) 

and heating the mixture for 10 min in a boiling water bath. After cooling the 

solution and degassing it by means of ultrasound, absorption at 540 nm has been 

measured and the concentration of total carbohydrates is read from a calibration 

curve obtained from D-glucoseI5 ,16. 

For the determination of nb/lcb- and scb-glucan-complexes with polyiodide 

anions 125 mg freshly sublimated iodine was dissolved in the presence of 400 mg 

potassium iodide in 1000 ml demineralized water and diluted 1: 1 with 0.1 M 

acidic acid to ensure a final pH between 4.5 and 5 when mixed with the alkaline 

eluate from size-exclusion chromatography. A....x for the iodine-glucan-complex is 

known to depend on both, the degree of polymerization (dp) and the branching 

structure of the glucan chains: at wavelengths above 600 nm nb/lcb-glucans give 

strong absorption (the typical blue amylose colour), below 600 nm the scb-glucans 

are absorbing (the typical violett amylopectin colour)17,18. Best results were 

obtained by vis-detection at 640 nm (nb/lcb) and 525 nm (scb), respectively. The 

reliability of the detection of scb-glucan-iodine-complexes at 525 nm is supported 

by the corresponding maxima in ORD/CD-spectra for cd -4-g1ucan-chains with dp

values smaller than 4019,2°. 

Vis-absorption was detected by means of a Spectrophotometer 550, Perkin

Elmer/UK. 

MethylationlGC-MS-analysis 

Methylation/GC-MS-analysis was applied to the starch samples for the 

determination of branching characteristics21 . Therefore aqueous/DMSO-dissolved 

starch was mixed with solid sodium-hydroxide and methyljodid. After shaking 

with chloroform, the organic phase got dried and the procedure performed a 

second time to ensure total methylation. For GC-MS-analysis the glucans were 
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hydrolized with trifluoroacidic acid, reduced with Na BH4 and acetylated with 

acidic acid anhydrid. 

Such treatment yields reaction products from starch-glucans with different 

retention-times at GC-MS-analysis, depending on the kind of monomer: glucose 

from the non-reducing end ~ 1,5-di-O-Ac 2,3,4,6-tetra-O-Me-D-sorbit, 0.1-4-

linked glucose within the polymer-chain ~ 1,4,5-tri-O-Ac 2,3,6-tri-O-Me-D-sorbit 

and 0.1-4 linked glucose with a.1-6-linked branches ~ 1,4,5,6-tetra-O-Ac 2,3-di-O

Me-D-sorbit22• 

Enzymatically catalized debranching 

For the enzymatically supported branching analysis the starch-samples 

were dissolved in DMSO and diluted 1:2 with aqueous buffer and mixed with 

aqueous pullulanase-solution (purified NOVO Promozym 200 L, Novo, DK; EC 

3.2.1.41), an alternative approach to the application ofisoamylase23,24. Debranch

ing action was performed for 48 h at 3rC with additional incubation of 

pullulanase after 24 h to ensure total hydrolysis of a.1-6-glycosidic linkages. 

Size-exclusion Chromatography 

For preparative SEC a series of two columns S-1000 Superfine 

(1=850 mm, ID=16 mm, MexcI=108 g mol·l) and S-200 Superfine (1=940 mm, 

ID=16 mm, Mexc1 =lOs g mol-I) with 0.005 N Na OH and a flow rate of 1.6 

m min-I were utilized. 

For semipreparative/analytical SEC of native glucan samples a 

Sephacryl-system consisting of a S-1000 Superfine column (1 = 1290 mm, 

ID=16 mm, Mexcl =108 g mol-I), a S-400 Superfine column (1=900 mm, 

ID=16 mm, Mexc1 =106 g mol-I) and a S-200 Superfine column (1=940 mm, 

ID=16 mm, Mexcl=lOS g mol-I) were utilized in series with 0.005 N Na OH as 

eluent at a flow rate of 0.75 ml min-I. 

For analytical SEC of debranched gluean-chains a system of Superose 

6 TM (pharmacia, UppsalaJS) (1=290 mm, ID=lO mm, M.xcI=5.106 g mol-I), 
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Fractogel (Merck, Darmstadt/FRO) HW50 S (1=290 mm, ID= 10 mm, 

Mexcl =20 000 g mol-I) and HW40 S (1=290 mm,ID=lO mm,Mexcl =7ooo g mol-l) 

were utilized with 0.05 M KCl as eluent at a flow rate of 0.6 ml min-I. 

Mass of eluted glucans was detected by a differential refractometer RS03, 

Waters/UK. Fractions for iodine and anthron staining were collected with a 

fraction collector Ultrorac type 7000, LKB/UK. 

Branching Analysis 

A well working technique to check the branching characteristics of glucans 

is their enzymatic debranching, that means selective hydrolysis of al-6-glycosidic 

linkages combined with succeeding SEC-separation and analysis of the resulting 

glucan-chain distribution. Detection of SEC-separated glucan chains by means of 

a differential refractive index detector initially yields the mass-distribution (w(M)) 

which has to be transformed into number distribution (n(M)) for branching 

analysis in terms of percentage of branching positions within a glucan (b %) and 

an average number of monomers between two adjacent branching points (bp~bp). 

Transformation of mass distribution (w(M): eq.(la)) into number distribution 

(n(M): eq.(lb)) can be achieved according eq.(la), eq.(lb) and eq.(2)25, where 

N(M) is defined as the number fraction, W(M) as the weight fraction of 

molecules in the molecular weight range dM. 

(Ia) n(M) = 
d N(M) 

dM 

w(M) 
d W(M) 

dM (lb) 

n(M) 
w(M) 

M (2) 

In the analysis of the n(M)-functions up to three peaks in the differential number 

distribution (Mp_I, Mp_II, Mp_III) were taken as representative glucan-chain 
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populations. Contributions for the different populations were estimated corres

ponding to their approximate percentage of area (n%_I, n%_II, n%_III) in the 

n(M)-function. An average number of monomers between two adjacent branching 

points (b~bp) can be calculated according eq.(3) with i=I, II, III: 

(3) bp-bp 
100 

Introducing an norm-glucan with a reference degree of polymerization of 

refdp =1000, an average number of branching points within such a glucan with 

refdp (av_b) can be calculated according eq.(4): 

(4) 

Application of eq. (5) yields an average percentage of branching (b %) for a glucan 

with dp=refdp yielding an average percentage of monomers with branching 

positions: 

(5) b% av b. 100 

rei. 

RESULTS AND DISCUSSION 

Starch-glucans from tubers of potato species Ukomo were investigated for 

their branching-chararacteristics by applying a range of separation-, identification

and quantification-methods (Table 1). The main topic of interest was the question 

whether granules with different biological history contain glucans with different 

branching-structure, and if so, can these dissimilarities be specified. For starch, 

in a first approach, different biological history was set identical with different 
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TABLE 1 

Applied Techniques and Methods for the Characterization of Starch-glucans from Tubers of 
Potato Species Ukomo. 

Glucan -Fractions 
Method 

applied analytical techniques gluean-component 

sedimentation Fraction I: Fr.I Fraction II: Fr.II 

preparative SEC: Iodine-staining: Iodine-staining: 

iodine-staining E640 nb/Icb-quantification E640 nb/Icb-quantification 

anthron-staining Em scb-quantification Em scb-quantification 
E6401Em starch composition E6401El25 starch composition 

Anthron-Chromogen: Anthron-Chromogen: 
EllO total carbohydrates EllO total carbohydrates 

precipitation n-butanol: methanol: n-butanol: met 
Fr.Ibut Fr.Imet Fr.IIbut Fr. 

preparative Fr.Ibut_a Fr.Imet a Fr.IIbut a Fr.Umet a 

SEC-pools: 
Fr.Ibut b Fr.Imet_b Fr.IIbut_b Fr.Umet b enzymatically 

catalized 
Fr.Ibut_c deb ranching Fr.Imet c Fr.IIbut c Fr.Umet c 

analysis de-branching: 
pullulanase catalyzed hydrolysis of a:1-6-glycosidic linkages 

iodine-staining: 
E640 non-branched/long-chain branched glucan-quantification 
El25 short-chain branched (scb) glucan quantification 
E..oIE525 starch composition: (nb/Icb I scb )-ratio 

anthron-chromogen: 
EllO total carbohydrates after acid-catalized total-hydrolysis 

analytical SEC: 
molecular weight distribution: weight w(M) -... number n(M) 

branching analysis: 
average number of branching points within dp=refdp: av_b 
percentage of branching points within dp=refdP: b% 
average number of monomers between adjacent bp: bp-...bp 
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100/-tm: 1-1 -----------1 

FIGURE 1 Starch granules fraction I (Fr.I) from sedimentation of aqueous starch slurry 
from tubers of potato species Ukomo. Particle diameters range between 45-70 }.Lm. 

granule-sizes26
,27 and thus, the starch particles initially were pooled according to 

increasing sedimentation times, i.e. with decreasing particle mean-diameters. Two 

of these granule-fractions, Fr.I: d=45-70 /Lm (Fig.I) and Fr.IT: d=20-40 /Lm 

(Fig.2), were utilzed for further investigations. As well Fr.! as Fr.IT were 

dissolved in aqueous 90% DMSO and got separated on the semi-preparative/ana

lytical SEC-system. The amount of carbohydrates in each of the fractions was 

determined by means of vis-detection at 550 nm as the amount of anthron

coupled-glucose, previously produced by acidic hydrolysis of the glucans. Vis

detection at 640 nm (E640) and 525 nm (E525) for each of the fractions from SEC

separation enabled the determination of chromatograms for non-branched/long

chain-branched (nb/Icb) and short-chain-branched (scb) polyiodide-complexed 

glucans. Consequently, these E640- and Em-chromatograms enabled the 
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100 I'm: /f------------I 

FIGURE 2 Starch granules fraction II (Fr.U) from sedimentation of aqueous starch slurry 
from tubers of potato species Ukomo. Particle diameters range between 20-40 I'm. 

computation of qualitative starch composition factors over the range of eluted 

fractions as the ratio of E6401Es25 (nb/Icb I scb). For both fractions (Fr.I: Fig.3; 

Fr.II: Fig.4) glucans at low-retention volumes show E6401Es2s-values close to and 

below 1.0, indicating a main-amount of scb-glucans, whereas high-retention

volume-glucans show E6401E525-values in the range of 2.0, an evidence for mainly 

nb/Icb-glucans. The midrange domain of eluted glucans with E6401Es25-values 

rising from 1.0 up to 2.0 obviously indicates the transition from nb/Icb-majority 

to scb-majority of the eluted glucans. At this state of analysis no significant 

differences between starch from granules of Fr.! and Fr.II could be identified. 

In a next step of differentiating the starch-glucans, the aqueous DMSO 

dissolved fractions Fr.I and Fr.II were mixed with n-butanol to precipitate the 

non-branched/long-chain branched components. The short-chain-branched glucans 



4042 HUBER AND PRAZNIK 

2,4 

i£i' 2 
N 
In 
f;I;l 1,6 --=> 
..". 
\Q 1,2 :::. 
,.Q 

'" 0,8 '" ;C; 
~ 

0,4 

0 
200 

~ 
:; 

0 

0 

0 ~ 
O.~· 
~-II 
LO./ 
~7 

-~ 

~~. 

... !Io-

r<t'1l'l. I 
-~ 

L"o 
".- ~ . 'b--....... .. .. ~ 

~ 

• • • .-
'IhI' 

i'... 
"-
~~ 

""'" ~ 

250 300 350 400 450 

Vret [mIl 

1,6 

1,2 
= Q 
:c 

0,8 ~ 
'" ,.Q 

< 
0,4 

0 
500 550 

FIGURE 3 Large starch granules (Fr.!): dissolved in aqueous 90% DMSO and separated 
on semi-preparative/analytical SEC; fractions complexed with polyiodide anions: detection 
of non-branched/long-chain-branched (nb/lcb) glucans at 640 nm ( ), detection of 
short-chain-branched glucans at 525 nm (- - -); starch composition ratio E6401E,,, 
(nb/lcb / scb)-ratio ( ___ ); total carbohydrates by detection at 550 nm of anthron-coupled 
glucose after acidic hydrolysis of glucans (ODD). 
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FIGURE 4 Small starch granules (Fr.II): dissolved in aqueous 90% DMSO and separated 
on semi-preparative/analytical SEC; fractions complexed with polyiodide anions: detection 
of non-branched/long-chain-branched (nb/lcb) glucans at 640 nm ( ), detection of 
short-chain-branched glucans at 525 nm (- - -); starch composition ratio E6401E525 
(nb/lcb / scb)-ratio ( ___ ); total carbohydrates by detection at 550 nm of anthron-coupled 
glucose after acidic hydrolysis of glucans (ODD). 
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FIGURE 5 Large starch granules (FIoI): n-butanol precipitated fraction from aqueous 
DMSO dissolved starch expected to represent a non-branched/long-chain-branched glucan 
fraction; separation on semi-preparative/analytical SEC; fractions complexed with polyiodide 
anions: detection of non-branchedllong-chain-branched (nb/lcb) glucans at 640 nm 
( ), detection of short-chain-branched glucans at 525 nm (- - ); starch 
composition ratio E6401Em (nb/lcb / scb)-ratio (_ •• ); total carbohydrates by detection at 
550 nm of anthron-coupled glucose after acidic hydrolysis of glucans (000); ranges of 
components which were pooled (Fr.Thut_a, FIoThut_b, FIoThut_C) for enzymatically catalyzed 
debranching. 

in the supernatant subsequently got precipitated by an excess of methanol. The 

four fractions (FLIbut, FLImet, FLIIbut, FLIImet) were washed, dried, redis

solved in aqueous DMSO and again analyzed on the semi-preparative SEC

system. The starch composition factor computed as the E6401E52j-ratio with values 

between 1.8 and 2.2 for the n-butnol-precipitates indicated as well for the large 

granules (FLIbut: Fig.5) as for the small granules (Fr.IIbut: Fig.7) a majority of 

nb/lcb-glucans. The same procedure yields for the methanol-precipitates (Fr .Imet: 

Fig.6, FLIImet: Fig.8) E6401E52j-values close to 0.8, indicating an expected 

majority of short-chain-branched glucans. Again, no significant difference bet

ween the nb/lcb-glucans of Fr.I and Fr.II could be identified at this state of 

analysis. The scb-glucans slightly differ in the tendency of their E6401E52j-values 
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FIGURE 6 Large starch granules (Fr.I): methanol precipitate from the supernatant of the 
previous n-butanoi precipitatation of aqueous DMSO dissolved starch expected to represent 
a short-chain-branched glucan fraction; separation on semi-preparative/analytical SEC; 
fractions complexed with polyiodide anions: detection of non-branched/long-chain-branched 
(nb/lcb) glucans at 640 nm ( ), detection of short-chain-branched glucans at 525 nm 
(- - ); starch composition ratio E64jEs2s (nb/lcb / scb)-ratio ( ___ ); total 
carbohydrates by detection at 550 nm of anthron-coupled glucose after acidic hydrolysis of 
glucans (000); ranges of components which were pooled (Fr.lmet_a, Fr. Imet_b, 
Fr.lmet_c) for enzymatically catalyzed debranching. 

in the midrange domain of elution: scb-glucans from large granules (Fr.I: Fig.6) 

keep values close to 0.8, whereas scb-glucans from small granules (Fr.II: Fig.8) 

tend toward even lower values. 

In a next step each of the four glucan-fractions were fractionated on the 

preparative SEC-system into glucan-pools at low- (a), midrange- (b) and high- (c) 

retention-volumes (fractions indicated in Fig.5-8, according Table 1). The glucans 

in each of these pools got debranched by catalytic action of pullu1anase and the 

reaction-products were analyzed by means of analytical SEC and extended data 

analysis. As separation of the debranched glucans on the analytical SEC-system 

initally yields the mass-modulated molecular weight distribution (w(M)) applica

tion of eq.(2) to the w(M)-distributions is required to transform the w(M)- into 
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F1GURE 7 Small starch granules (Fr.II): n-butanol precipitated fraction from aqueous 
DMSO dissolved starch expected to represent a non-branched/long-chain-branched glucan 
fraction; separation on semi-preparative/analytical SEC; fractions complexed with polyiodide 
anions: detection of non-branchedllong-chain-branched (nb/leb) glucans at 640 nm 
( ), detection of short-chain-branched glucans at 525 nm (- - ); starch 
composition ratio E6401E525 (nb/leb / scb)-ratio ( ••• ); total carbohydrates by detection at 
550 nm of anthron-coupled glucose after acidic hydrolysis of glucans (000); ranges of 
components which were pooled (Fr.IThut_a, Fr.IThut_b, Fr.IThut_c) for cnzymat;cally 
catalyzed debranching. 

n(M)-distributions to give weight to the glucan-chains by their number and not by 

their mass. For each of the analyzed debranched glucan-pools both distributions 

(n(M) and w(M)) are illustrated in the indicated Figures 9-12. Peaks in the 

differential molecular weight distributions (Mp _ x) were classified to be 

representative for a glucan-chain-population with specified degree of polymeri

zation dPCMp)' The contribution of each of these populations was estimated from 

the percentage of area in the n(M)-function. By means of such dPCMp)- and n %

data average values of branching characteristics were calculated according to 

eqs.(3)-(5). 

At this state of analysis the non-branched/Iong-chain-branched glucans 

from large (Fr.!) and small (Fr.!!) granules showed significantly different 

branching characteristics. The average number of monomers between two adjacent 



4046 

in' 
N 
Ifl 
r.l 
Q ..,. 
I.Q 

E.. 
.,Q 
u 
'" ::=; 
~ 

2,4 

2 

1,6 

1,2 

0,8 

0,4 

o 
200 

o 
b c 

oLJ-Uo 

U 
0 

0 
0 

U I" '- 0 
o - --... .. 

...... .-7 ,. !~ 
0"/ , .'l:rn ---;7 1'0:.-~ ., ~ 

250 300 350 

Vret [ml] 

HUBER AND PRAZNIK 

1 

0,8 

= 0,6 Q 

~ 
F-e; 

0,4 '" .,Q 

-< 
0,2 

0 
400 450 

FlGURE 8 Small starch granules (FLII): methanol precipitate from the supernatant of the 
previous n-butanol precipitatation of aqueous DMSO dissolved starch expected to represent 
a short-chain-branched glucan fraction; separation on semi-preparative/analytical SEC; 
fractions complexed with polyiodide anions: detection of non-branchedllong-chain-branched 
(nb/lcb) glucans at 640 nm ( ), detection of short-chain-branched glucans at 525 nm 
(- - ); starch composition ratio E6401Em (nb/lcb / scb)-ratio ( ••• ); total 
carbohydrates by detection at 550 nm of anthron-coupled glucose after acidic hydrolysis of 
glucans (ODD); ranges of components which were pooled (FLUmet_b, FLUmet_c) for 
enzymatically catalyzed debranching. 

branching positions results with bp-+bp=94.5 for the initial (Fr.Ibut_a: Fig.9a, 

Tab.2a) and bp-+bp=I72.5 for the midrange (Fr.Ibut_b: Fig.9b, Tab.2a) 

preparative SEC-fraction of large granules. This average distance is significantly 

larger than that for nb/lcb-glucans from small granules: bp-+bp= 19 for the initaI 

fraction of preparative SEC (Fr.IThut_a: Fig.lIa, Tab.3a), more indicating scb

glucans than a nb/lcb-fraction; bp-+bp=52 for the midrange fraction (Fr.IThut_b: 

Fig. lIb, Tab.3a) and bp-+bp=37 for the final fraction of preparative SEC 

(Fr.IIbut_c: Fig.llc, Tab.3a). Obvious dissimilarities between glucans from large 

and small granules, already documented by different average values for the 

parameters of branching characteristics, even more explicitely are illustrated by 

the absence of extremely high-dp glucan-chains in nb/lcb-glucan-fractions of small 

granules (large granules :Figs.9a-b, small granules: Figs.lla-c). 
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FIGURE 9a Large starch granules (Fr.I): n-butanol precipitated nb/lcb-glucan fraction; 
pool Fr.Ibut_a from preparative SEC, debranched by catalytic action of pullulanase; (- - -) 
mass distribution from DRI-detection of analytical SEC of deb ranched glucans; (---) 
number distribution according eq.(l). Results of branching analysis in Tab.2a . 
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FIGURE 9b Large starch granules (Fr.I): n-butanol precipitated nb/lcb-glucan fraction; 
pool Fr.Ibut_b from preparative SEC, deb ranched by catalytic action of pullulanase; (- - -) 
mass distribution from DRI-detection of analytical SEC of debranched glucans; (---) 
number distribution according eq.(l). Results of branching analysis in Tab.2a. 
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F1GURE 10 Large starch granules (Fr.I): methanol precipitate from supernatant of previous 
n-butanol precipitatation of aqueous DMSO dissolved starch expected to be a scb-glucan 
fraction; identical for pools Fr.Imet_a, Fr. Imet_b, Fr.lmet_c from preparative SEC, 
deb ranched by catalytic action of pullulanase; (- - -) mass distribution from D RI -detection of 
analytical SEC of debranched glucans; (---) number distribution according eq.(I). 
Results of branching analysis in Tab.2b. 

Table 2a 

Branching Analysis of Large Starch-granules (Fr.I) from Tubers of Potato Species Ukomo. 
(abbreviations in the text; illustrations for number and mass distributions of glucan chains: 
Figure 9a (Fr.Ibut_a) and Figure 9b (Fr.Ibut_b» 

glucan- Mp dp(Mp) n_% branching characteristics 

fraction [g mol· l ] av b I bp~bp I b% 

Fr.Ibut_a: Mp_I 2500 15 - 70 

I I I I 
Fr.Ibut_a: Mp_II 7400 45 - 20 10.58 94.5 1.06 

Fr.Ibut a: Mp_ill 122 000 750 - 10 

Fr.Ibut_b: Mp_I 2500 15 - 45 

I I I I 
Fr.Ibut_b: Mp_II 7400 45 - 35 5.80 172.5 0.58 

Fr.lbut b: Mp_ill 122000 750 - 20 
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Table 2b 

Branching Analysis of Large Starch-granules (FrJ) from Tubers of Potato Species Ukomo. 
(abbreviations in the text; illustrations for number and mass distributions of glucan chains: 
Figure 10 (identical for Fr.lmet_a, Fr.Imet_b, Fr.lmet_c)) 

glucan- Mp dp(Mp) n_% branching characteristics 

fraction [g mol-'] av b bp---+bp b% 

Fr.lmet_a: Mp_I 2 000 12 - 80 

Fr.lmet_a: Mp_II 7400 45 - 20 53.76 18.6 5.38 

1,2 -r .... 1' ~ 
= 1 Q 
~ 
r..I 
~ 

0,8 0.:: 
'" 

, J\ \ 
I I \ , 
I J \ \ 

.. L I \ \ 
Q,l 

oS 0,6 

~ ..... 0,4 
lS 

!\ I I \ 
'( J \ 

,/ \ ~ 
Ji \ \ 

Q.Il 
'Ql 0,2 
~ 

i \. ~ 

r' ~ "-

0 
,,," ~ '-' 

2,00 ~oo ~oo ~oo 6,00 

log(molecular weight) [g/mol] 

FIGURE lla Small starch granules (Fr.II): n-butanol precipitated nb/lcb-glucan fraction; 
pool Fr.lIbut_a from preparative SEC, debranched by catalytic action of pullulanase; (- - -) 
mass distribution from DRI-detection of analytical SEC of debranched glucans; (---) 
number distribution according eq. (1). Results of branching analysis in Tab. 3a. 
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FIGURE lIb Small starch granules (Fr.II): n-butanol precipitated nb/lcb-glucan fraction; 
pool FLIIbut_b from preparative SEC, deb ranched by catalytic action of pullulanase; (- - -) 
mass distribution from DRI-detection of analytical SEC of deb ranched glucans; (---) 
number distribution according eq.(l). Results of branching analysis in Tab.3a. 
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FIGURE He Small starch granules (FLII): n-butanol precipitated nb/lcb-glucan fraction; 
pool Fr.IIbut_c from preparative SEC, debranched by catalytic action of pullulanase; (- - -) 
mass distribution from DRI-detection of analytical SEC of debranched glucans; (---) 
number distribution according eq.(1). Results of branching analysis in Tab.3a. 
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Table 3a 

Branching Analysis of Large Starch-granules (pr.II) from Tubers of Potato Species Ukomo. 
(abbreviations in the text; illustrations for number and mass distributions of glucan chains: 
Figure lla (Fr.IIbut_a), Figure llb (Fr.IIbut_b) and Figure lIc (Fr.lIbut_c» 

glucan- Mp dp(Mp) n_% branching characteristics 

fraction [g mo!"l] av b bp~bp b% 

Fr.lIbut_a: Mp_I 800 5 - 5 

Fr.IIbut_a: Mp_II 2500 15 - 80 52.63 19.0 5.26 

Fr.lIbut_a: Mp_III 7400 45 - 15 

Fr.IIbut_b: Mp_I 800 5 - 20 

Fr.lIbut_b: Mp_II 2500 15 - 20 19.23 52.0 1.92 

Fr.lIbut_b: Mp_1II 13 000 80 - 60 

Fr.IIbut_c: Mp_I 800 5 - 20 

Fr.IIbut c: Mp_II 7400 45 - 80 27.03 37.0 2.70 

Table 3b 

Branching Analysis of Large Starch-granules (Fr.!!) from Tubers of Potato Species Ukomo. 
(abbreviations in the text; illustrations for number and mass distributions of glucan chains: 
Figure 12a (Fr.IImet_b), Figure 12b (Fr.IImet_c» 

glucan- Mp dp(Mp) n% branching characteristics 

fraction [g mol' I] av_b bp~bp b% 

Fr.lImet_b: Mp_I 2500 15 - 85 

Fr.IImet_b: Mp_II 8200 50 - 15 49.38 20.3 4.94 

Fr.IImet_c: Mp_I 800 5 - 20 

I I I I 

Fr.IImet_c: Mp_II 1600 10 - 70 83.33 12.0 8.33 

Fr.IImet_c: Mp_1II 6500 40 - 10 
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FIGlJRE 12a Small starch granules (Fr.II): methanol precipitate from supernatant of 
previous n-butanol precipitatation of aqueous DMSO dissolved starch expected to be a scb
glucan fraction; pool Fr.IImet_b from preparative SEC, debranched by catalytic action of 
pullulanase; (- - -) mass distribution from DRI-detection of analytical SEC of debranched 
glucans; (---) number distribution according eq.(l). Results of branching analysis in 
Tab.3b. 
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FIGURE 12b Small starch granules (Fr.II): methanol precipitate from supernatant of 
previous n-butanol precipitatation of aqueous DMSO dissolved starch expected to be a scb
glucan fraction; pool Fr.IImet_c from preparative SEC, debranched by catalytic action of 
pulluJanase; (- - -) mass distribution from DRI-detection of analytical SEC of debranched 
glucans; (---) number distribution according eq.(l). Results of branching analysis in 
Tab.3b. 
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The short-chain-branched glucans oflarge granules are quite homogeneous 

in their branching characteristics over the total range of elution on the preparative 

SEC-system: an expected short average-distance between two branching positions 

was found with bp-+bp=18.6 monomers for all debranched glucan pools 

(Fr.IImet_a, _b, _c: Fig.lO, Tab.2b). A similar value of bp-+bp-value of 20.3 

monomers was found for the midrange fraction (Fr.IImet_b: Fig.12a, Tab.3b), 

but a significantly higher branched structure for the final fraction of preparative 

SEC (Fr.IImet_c: Fig. 12b, Tab.3b) with bp-+bp= 12.0 monomers for the scb

glucans from small granules. 

For a cross-check of these results methylationlGC-MS-analysis was applied 

to determine average branching characteristics. By means of this technique an 

average number of monomers between two branching points was determined as 

the ratio of the integrals of 1,4,5-tri-O-Ac 2,3,6-tri-O-Me-D-sorbit deriving from 

al-4-linked glucose and 1,4,5,6-tetra-O-Ac 2,3-di-O-Me-D-sorbit deriving from 

al-4linked glucose with al-6-linked branches. Obtained results can be judged to 

be reliable for scb-glucans, those for the nb/lcb-glucans better should be taken as 

trend, because the huge excess of al-4-linked glucose over al-4-linked glucose 

with a,1-6-branching positions introducef high deviations in the calculated ratios. 

But even with this restriction a quite good agreement of GC-MS-results and 

results from analytical SEC was found (Tab.4). 

Summarizing, differences in the branching-structure of glucans from starch 

granules with different biological history were identified and could be quantified 

as the lack of extremely high-dp glucan chains in the constituting glucan-chain 

distribution of starch from small granules. Obvious dissimilarities in mass- and 

number-distributions between glucans from large and small granules were found 

again, diminished but still significant, as different values of average distance 

between two branching points (bp-+bp) and average percentage of branching (b % ). 

In general, the majority of glucans from small granules show a higer average 

degree of branching than glucans from large granules, a fact that most likely is 
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Table 4 

Branching Characteristics of Glucan Fractions from Starch-granules of Tubers of Potato 
Species Ukomo according to Table I. 

branching characteristics 
glucan-fraction 

SEC: SEC: SEC GC-MS: iodine 
av b b% bp~bp bp~bp E64<Y'E525 

Fr.Ibut a 10.58 1.06 94.5 70 2.2 
Fr.Ibut_b 5.80 0.58 172.5 100 1.9 
Fr.lmet a 53.76 5.38 18.6 24 0.8 
Fr.lmet b 53.76 5.38 18.6 26 0.8 
Fr.lmet c 53.76 5.38 18.6 n.d. 0.8 

Fr.IIbut a 52.63 5.26 19.0 60 1.6 
Fr.lIbut_b 19.23 1.92 52.0 119 2.2 
Fr.IIbut c 27.03 2.70 37.0 n.d. 2.0 

Fr.IImet_b 49.38 4.94 20.3 18 0.8 
Fr.IImet_c 83.33 8.33 12.0 n.d. 0.6 

due to changing activities of (l-4)-a-D-glucan-branching 6-glycosyltransferase 

(BC 2.4.1.18) during biogenesis of starch in the investigated potato tubers. 
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THE BOOK CORNER 

DIODE ARRAY DETECTION IN HPlC, edited by L. Huber & S. A. George, Chromatographic 
Science Series, J. Cazes Editor, Volume 62, Marcel Dekker, Inc. New York, Basel, Hongkong, 
1993, vii + 400 pp., $150.00; ISBN: 042474947-4 

This book represents Volume 62 in the Chromatographic Science Series published by 
Marcel Dekker. The book is well presented and discusses the principles and techniques of 
diode array detection and its application in high performance liquid chromatography. The 
advantages of diode array detection over conventional absorbance detectors are also well 
presented. Diode array detection offers high selectivity and sensitivity as it is coupled by 
modern software which can evaluate and process a large amount of data, provided in a very 
short time. The most significant improvements made in optics of the diode array detector is 
also discussed. 

The book is written by eight contributors, who are experienced in this technique. 
It also is well illustrated, as it contains 239 figures, 22 tables, and each chapter ends with 
references; however, the most recent references are cited in 1990. 

The volume consists of 14 chapters, classified into four parts, with the following topics: 

I. Theory and Design: 

* Historical Developments 

* Modern Developments 

II. Advantages of Diode Array Detectors to Chromatographers: 

* Diode Array Detection Advantages for the Chromatographer 

* Spectral Matching and Peak Purity 

* Chemometrics and Photodiode Array Detection 

III. Applications of Diode Array Detectors: 

* The Use of Diode Array Detectors in the Pharmaceutical Industry 

* Clinical Applications 
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* Toxicological Appl ications 

* Applications in the Analysis of Amino Acids, Peptides and Proteins 

* Food and Beverages 

* Environmental Applications 

* Chemical, Petrochemical, and Polymer Applications 

IV. Guidelines on how to optimize Sensitivity, Selectivity, Automation: 

* Optimization of Diode Array Detection, and 

* Using Diode Array Detectors for Automated Routine Analysis. 

This book is highly recommended to analytical, pharmaceuticai and environmental 
chemists and also for biochemists, and graduate students. 

Reviewed by 
Hassan Y. Aboul-Enein, PhD, FRSC 
Bioanalytical and Drug Development Laboratory 
Biological and Medical Research Department 
King Faisal Specialist Hospital 

and Research Centre 
P.O. Box3354 
Riyadh 11211. Saudi Arabia 



JOURNAL OF LIQUID CHROMATOGRAPHY, 17(18),4059-4064 (1994) 

LIQUID CHROMATOGRAPHY CALENDAR 

1994 

NOVEMBER 2 - 5: 29th Midwestern Regional Meeting, ACS, Kansas City, 
Kansas. Contact: M. Wickham-St. Germain, Midwest Res. Inst, 425 Volker Blvd, 
Kansas City, MO 64110, USA. 

NOVEMBER 3: Anachem Symposium, Dearborn, Michigan. Contact: Paul 
Beckwith, Program Chairman, Detroit Edison Co., 6100 W. warren, Detroit, MI 
48210, USA. 

NOVEMBER 7 - 10: 13th Int'l Conference on the Application of Accelerators 
in Research & Industry, Denton, Texas. Contact: J. L. Duggan, Univ. of N. 
Texas, Dept. of Physics, P. O. Box 5368, Denton, TX 76203, USA. 

NOVEMBER 10 - 11: 17th Int'l Conference on Chemistry, Biosciences, 
Pharmacy & Environmental Pollution, New Delhi, India. Contact: V. M. 
Bhatnagar, Alena Chern of Canada, P. o. Box 1779, Cornwall, Ont., Canada 
K6H 5V7. 

NOVEMBER 11 - 12: 3rd Conference on Current Trends in Computational 
Chemistry, Jackson, Mississippi. Contact: J. Leszczynski, Jackson State 
University, Dept. of Chern., 1400 J. R. Lynch St., Jackson, MS 39217, USA. 

NOVEMBER 13 - 16: 50th Southwest Regional Meeting, ACS, Fort Worth, 
Texas. Contact: H. C. Kelly, Texas Christian Univ, Chern Dept, Ft. Worth, TX 
76129, USA. 

NOVEMBER 13 - 18: Annual Meeting of the A.I.Ch.E., San Francisco, 
California. Contact: AIChE Express Service Center, 345 East 47th St., New York, 
NY 10017, USA. 

NOVEMBER 14 - 17: 33rd Eastern Analytical Symposium, Somerset, New 
Jersey. Contact: Sheri Gold, EAS, P. o. Box 633, Montchanin, DE 19710, USA. 
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NOVEMBER 16 - 18: Envirosoft'94, 5th Int'l Conference on Development 
and Application of Computer Techniques to Environmental Studies, San 
Francisco, California. Contact: Computational Mechanics, Inc., 25 Bridge St., 
Billerica, MA 01821, USA. 

DECEMBER 4 - 6: IBEX'94, International Biotechnology Expo & Scientific 
Conference, Moscone Center, San Francisco, California. Contact: Cartlidge & 
Associates, Inc., 1070 Sixth Avenue, Suite 307, Belmont, CA 94002, USA. 

1995 

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. 

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

MAY 28 - JUNE 2: HPLC'95, 19th International Symposium on Column 
Liquid Chromatography, Convention Center, Innsbruck, Austria. Contact: 
HPLC'95 Secretariat, Tyrol Congress, Marktgraben 2, A-6020 Innsbruck, Austria. 

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

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

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

JULY 9 - 15: SAC'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 W1V OBN, UK. 
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JULY 7 - 8: FFF Workshop, University of Utah, Salt Lake City, UT. Contact: 
Ms. Julie Westwood, FFF Research Center, Dept. of Chem., University of Utah, 
Salt Lake City, UT 84112, USA. 

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

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

SEPTEMBER 12 - 15: 5th International Symposium on Drug Analysis, Leuven, 
Belgium. Contact: Prof. J. Hoogmartens, Inst. of Pharmaceutical Sciences, Van 
Evenstraat 4, B-3000 Leuven, Belgium. 

OCTOBER 18 - 21: 31st Western Regional Meeting, ACS, San Diego, Calif. 
Contact: S Blackburn, General Dynamics, P. O. Box 179094, San Diego, CA 
92177-2094, USA. 

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

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

NOVEMBER 1 - 4: 31st Western Regional ACS Meeting, San Diego, 
California. Contact: T. 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, Chem Dept, Memphis State Univ, Memphis, TN 38152, USA. 

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

1996 

FEBRUARY 26 - MARCH 1: PittCon'96: Pittsburgh Conference on Analytical 
Chemistry & Applied Spectroscopy, Chicago, Illinois. Contact: Pittsburgh 
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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. 

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: 31 st 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: 215th ACS National Meeting, St. Louis, Missouri. 
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, 
USA. 

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

1999 

MARCH 21 - 26: 217th ACS National Meeting, Anaheim, Calif. Contact: ACS 
Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

AUGUST 22 - 27: 218th ACS National Meeting, New Orleans, Louisiana. 
Contact: ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, 
USA. 

2000 

MARCH 26 - 31: 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: 221 st ACS National Meeting, San Francisco, Calif. Contact: ACS 
Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 

AUGUST 19 - 24: 222nd ACS National Meeting, Chicago, Illinois. Contact: 
ACS Meetings, 1155 16th Street, NW, Washington, DC 20036-4899, USA. 
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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 Meetings & Symposia, we will need to 
know: Name of the meeting or symposium, sponsoring organization, 
when and where it will be held, and whom to contact for additional 
details. Incomplete information will not be published. You are invited 
to send announcements to Dr. Jack Cazes, Editor, Journal of Liquid 
Chromatography, P.o. Box 2180, Cherry Hill, NJ 08034-0162, USA. 
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papers for publication in the Journal of Liquid Chromatography. Diskettes must 
be in an IBM-compatible format with MS-DOS Version 3.0 or greater. The 
following word processing formats can be accommodated: 

ASCII 
EBCDIC 
Framework III 1.0, 1.1 
Microsoft Word 3.0, 3.1, 4.0, 5.0 
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Volkswriter Deluxe 2.2 
WordPerfect 4.1,4.2,5.0,5.1* 
XyWrite III 
XyWrite 111+ 

* The preferred word processor is WordPerfect 5.1. 

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

Dr. Jack Cazes 
Journal of Liquid Chromatography 

P. O. Box 2180 
Cherry Hill, NJ 08034 
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Directions for Submission 
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reproduction, and two (2) clear copies with figures must 
be submitted. Since the Journal is produced by direct 
photography of the manuscripts, typing and format 
instructions must be strictly followed. Non-compliance 
will result in return of the manuscript to the author and 
will delay Its publication. To avoid creasing, manuscripts 
should be placed between heavy cardboards before 
mailing. 
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with diskettes because, at the present time, we are 
experimenting with manuscripts on diskettes. Diskettes 
must be readable with an I BM-compatible computer 
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indicate the word processing software that was used to 
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to the Editor: 
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Dr. jack Cazes 
journal of Uquid Chromatography 
P. O. Box 2180 
Cherry Hill, Nj 08034 

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

Format of the Manuscript 
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Title 
Author(s), names and full addresses 
Abstract 
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References 

2. Title & Authors: The entire title should be in capital 
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located at least 2 inches (5.1 em) from the top of the 
page. This should be followed by 3 lines of space, then 
by the names and addresses of the authors, also centered, 
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4. Text Discussion: Whenever possible, the text 
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RESULTS 
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ACKNOWLEDGEMENTS 
REFERENCES 
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Se<:ondary headings, if any, should be placed flush 
with the left margin, underlined and have the first letter of 
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the text should be indented five spaces. 

6. Acknowledgements, sources of research funds and 
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preceding the references. 

7. References should be numbered consecutively and 
placed in a separate section at the end of the manuscript. 
They should be typed single-spaced, with one line space 
between each reference. Each reference should contain 
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names); do not use et al. for a list of authors. 
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Chemical Society's Chemical Abstracts List of Periodicals. 
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journal: 

Book: 
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in HPLC of Biological Macromolecules. K. M. 
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with a light blue pencil, at the bottom of the page. 

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

10. Material that cannot be typed, such as Greek symbols, 
script letters and structural formulae, should be drawn 
carefully with dark black India ink. Do not use any other 
color ink. 
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1 The manuscript must be prepared on good quality 
white bond paper, measuring approximately 8'/, x 11 
inches (21.6 cm x 27 9 cm) The typing area of the first 
page, including the title and authors, should be 5'1, inches 
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FIGURE and an Arabic numeral. All figures and lettering 
must be of a size that will remain legible after a 20% 
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single line space should be inserted after each reference. 
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Contents 
High Performance Capillary Electrophoresis of Human 
Serum and Plasma Proteins 

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

W. fv1. Coleman, ill and Ben fv1. Gordon 

Statistical Theories of Peak Overlap in Chromatography 
Joefv1. Davis 

Capillary Electrophoresis of Carbohydrates 
Ziad EI Rassi 

Environmental Applications of Supercritical Fluid 
Chromatography 

Leah J. Mulcahey, Christiroe L Rankin, and 
Mary Ellen P. McNally 

HPLC of Homologous Series of Simple Organic Anions 
and Cations 

Norman E. Hoffman 
Uncertainty Structure, Information Theory, and 
Optimization of Quantitative Analysis in Separation 
Science 

Yuzuru Hayashi and Rieko Matsuda 

ISBN: 0-8247-9087-1 

ThIS book!-s printed on aCId-free paper 

Marcel Dekker, Inc. 
270 Madison Avenue, New York, NY 10016 
(212) 696,9000 

Hutgasse 4, Postfach 812, CH-4001 Basel, Switzerland 
Tel. 06 J ,261-8482 



And don't forget this companion volume ... 

Advances in Chromatography 
Volume 33 

edited by 
PHYLLIS R. BROWN and ELI GRUSHKA 

1993 / 304 pages, illustrated / $ 135.00 

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

Contents 
Planar Chips Technology of Separation Systems: 
A Developing Perspective in Chemical Monitoring 

Andreas Manz. D. Jed Harnson, £Usabeth Verpoorte, 
and H. MIchael Widmer 

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

Irving W. Wainer and Terence A. G. Noctor 
Expert Systems in Chromatography 

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

Roman Kaliszan 

Fusion Reaction Chromatography: A Powerful Analytical 
Technique for Condensation Polymers 

John K. Haken 
The Role of Enantioselective Liquid Chromatographic 
Separations Using Chiral Stationary Phases in Pharma
ceutical Analysis 

Shulamit LeL'ln and Saleh rlbu-Lafi 

ISBN: 0--8247-9064-2 

Forthcoming ... in the Advances 
in Chromatography Series 

Contents [Volume 35) 

Approaches for the Optimization of Experimental 
Parameters in Capillary Zone Electrophoresis 

Haleem J. Issaq. George M. Janini, King C. Chan, 
and Ziad El Rassi 

Capillary Electrophoresis Coupled with Mass 
Spectrometry 

Kenneth B. Tomer, Leesa J. Deterding, and 
Carol E. Parker 

Crawling Out of the Chiral Pool: The Evolution of 
Pirkle· Type Chiral Stationary Phases 

Christopher J. Welch 
Reversed-Phase Ion Pair and lon-Interaction 
Chromatography 

M. C. Gennaro 
Chromatographic Characterization of Gasolines 

R. E. Pauls 
N.M.R. Imaging of Column Liquid Chromatography 

Klaus Albert and Ernst Bayer 
Error Sources in the Determination of Chromato
graphic Peak Area Ratios 

Veronika R. Meyer 

Mad to Promotion Dept., MARCEL DEKKER, INC. 
270 Mcldlson Avenue, New York, N. Y. 10016 

.:.J Please send me __ copy(ies) of Advances in 
Chromatography, Vol. 34 edited by Phyllis R. Brown 
and Ell Grushka at S 165.00 per volume. 

':. Please send me __ copY(les) of Advances in 
Chromatography, Vol. 33 edited by Phyllis R. Brown 
and Ell Grushka at S 135.00 per volume. 

I enclose payment In the amount of S _____ by: 

-1 check .J money order ...J Visa 

.J M.:J::,terC.:lrd 14·dlg:t Interbi)nk no. ___ ) .J Am.Exp 

: Card No. _________ Exp. Date __ _ 

I Please bill my company: P.O. No. _______ _ 

Signature --'lo=,"-",,,,,,,c-'''''lg=o,c;d~I,-',,=~7d''~'-'''d7,,,=U=' m"',"'o'c-, ----
Name _______________ _ 

Address _______________ _ 

CIty/State/ZIp _.,,-_____ -:--_____ ..,-
1'/, y r~ldenc,. mu.:.( Jdd ,1ppropn<Jre .!>lIle.!> tu.>. Clll"dl"l1 cu~tome~ "dd 7; 
CST PflC~ dll! ,ubJecr 10 ch<.!llge Wi/houl notice 

Form No. 059414 Printed in U.S.A. L ________________________________________ ~ 



JOURNAL OF LIQUID CHROMATOGRAPHY, 17(18), (1994) 

Contents Continued 

GENERAL PAPERS 

Correlation Between the Chemical Structures of Dialkyl 
Peroxides and Their Retention in Reversed-Phase High-
Perfonnance Liquid Chromatography ••••••••••••••••.•• 3933 
S. Baj and M. Dawid 

Analyses of Vegetable Oil Triacylglycerols by Silver Ion 
High Perfonnance Liquid Chromatography with Flame 
Ionization Detection ••••••••••••••••••••••••••••••• 3951 
W. E. Neff, R. O. Adloj, G. R. List, and M. El-Agaimy 

A Modified Simple and Rapid Reversed Phase High 
Perfonnance Liquid Chromatographic Method for 
Quantification of Amitriptyline and Nortriptyline in Plasma ••••• 3969 
J. Atta-Politou, K. Tsarpalis, and A. Koutselinis 

High Perfonnance Liquid Chromatographic Assay for 
Isosorbide S-Mononitrate and Impurities of Inorganic 
Nitrates in Phannaceuticals •••••••••••••••••••••••••• 3983 
D. Agbaba, V. Janjic, D. Zivanov-Stakic, and 
S. Vladimirov 

Detennination of Alfuzosin in Human Plasma by 
High-Perfonnance Liquid Chromatography with Column-
Switching . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3989 
G. Carlucci, E. Di Giuseppe, and P. Mazzeo 

IIPLC with Fluorescence Detection for the Study of 
Benomyl Dissipation on Treated Lettuces ••••••••••••••••• 3999 
J. J. Ji~nez, J. Atienza, and J. L. Bernal 

Rapid Analysis of Free Amino Acids in Infant Foods • • • • • • • • • • 4019 
M. L. Alonso, A. I. Alvarez, and J. Zapico 

Characterization of Branching-Characteristics of 
Starch-Glucans by Means of Combined Application of 
Complexation, Enzymatically Catalyzed Modification, 
and Liquid-Chromatography ••••••••.•••••••••••••••• 4031 
A. Huber and W. Praznik 

The Bclclk Comer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4057 

Liquid Chromatography Calendar • • • • • • • • • • • • • • • • • • • • • • 4059 



JOURNAL OF LIQUID CHROMATOGRAPHY 

Volume 17, Number 18, 1994 

Special Section on 
Capillary Zone Electrophoresis 

and Related Techniques 

CONIENIS 

Performance of ZwiUerionic and Cationic F1uorosurfactants 
as ButTer Additives for Capillary Electrophoresis of 
Pa-otei.J::w • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 3831 
A. Emmer and J. Roeraade 

Separation of Tamoxifen and Metabolites by Capillary 
Electrophoresis with Non-aqueous ButTer System •••••••••••• 3847 
C. L. Ng, H. K. Lee, and S. F. Y. Li 

Separation of Two IsofolUlS (Ser' fl'hr') of Natural 
Sarafotoxin-a by Capillary Electrophoresis: Mass 
Spectronletry and Synthesis •• • • • • • • • • • • • • • • • • • • • • • • • • 385' 
H. Lamthanh, A. Bdolah, Z. Wollberg, and J. L. Gy 

Capillary Electrophoresis of Alkali and Alkaline-Earth 
CationS with Imidazole or Benzylamine ButTers ••••••••••••• 386' 
Ph. Morin, C. Fran~ois, and M. Dreux 

Determination of Anions in Water Samples by Capillary 
Zone Electrophoresis with Indirect uv Detection •••••••••••• 388' 
K. Li and S. F. Y. Li 

Analysis of a New Doxorubicin Derivative (FCE 237(2) 
and Related Compounds by High Perfonnance Capillary 
Electropbort!Sis •••••••••••••••••••••••••••••••••• 3'11 
M. G. Quaglia, A. Farina, F. Kildr, S. Fanali, 
E. Bossil, and C. Dell 'Aquila 

Capillary Electrophoresis of Steroid Conjugates • • • • • • • • • • • • • 3'25 
J. C. Touchstone and S. S. Levin 

(continued on inside back cover) 

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


	Journal of Liquid Chromatography 1994 Vol. 17 No.18
	Editorial Board
	Performance of zwitterionic and cationic fluorosurfactants as buffer additives for capillary electrophoresis of proteins
	Separation of tamoxifen and metabolites by capillary electro phoresis with non-aqueous buffer system
	Separation of two isoforms (Ser7/Thr7) of natural sarafotoxin-a by capillary electrophoresis: mass spectrometry and synthesis
	Capillary electrophoresis of alkali and alkaline-earth cations with imidazole of benzylamine buffers
	Determination of anions in water samples by capillary zone electro phoresis with indirect uv detection
	Analysis of a new doxorubicin derivative (FCE 23762) and related compounds by high performance capillary electrophoresis
	Capillary electrophoresis of steroid conjugates
	Correlation between the chemical structures of dialkyl peroxides and their retention in reversed-phase high-performance liquid chromatography
	Analyses of vegetable oil triacylglycerols by silver ion high performance liquid chromatography with flame ionization detection
	A Modified simple and rapid reversed phase high performance liquid chromatographic method for quantification of amitriptyline and nortriptyline in plasma
	High performance liquid chromatogaphic  assay for isosorbide 5-mononitrate and impurities of inorganic nitrates in pharmaceuticals
	Determination of alfuzosin in human plasma by high-performance liquid chromatography with column-switching
	Hplc with fluorescence detection for the study of benomyl dissipation on treated lettuces
	Rapid analysis of free amino acids in infant foods
	Characterization of  branching characteristics of starch-glucans by means of combined application of complexation, enzymatically catalyzed chromatography
	The Book Corner
	Liquid Chromatography Calendar 1994
	Electronic manuscript submission
	General Papers
	Contents



