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ABSTRACT 

The liquid-liquid extraction of a mixture of sulphonamides was achieved to examine the correlation between the experimental errors 
in the recoveries. Also, the impact of the composition of the extraction liquid was investigated. Six sulphonamides were repeatedly 
extracted simultaneously with ten different extraction liquids and determined with a reversed-phase high-performance liquid chromato- 
graphic (HPLC) system. The means, standard deviations and covariances (or correlations) of the recoveries were calculated. These data 
showed that correlation between the extraction of two or more structurally related compounds depends strongly on the extraction 
liquid composition used: the selection of an appropriate extraction liquid is very important for the development of accurate and 
reproducible assay methods. Selection of improper extraction liquids may introduce errors in internal standard calibration that are 
larger than the errors in external standard calibration. The selection of a suitable internal standard is also very important for the 
development of accurate and reproducible assay methods. Even compounds that are structurally related to the analyte may demon- 
strate completely different extraction behaviour. Selection of a proper internal standard and an accurate extraction liquid increases the 
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accuracy and precision of the method. To investigate the influence on routine analysis, the data were used to simulate 50 analytical runs 
(calibration graphs with quality control samples) for each sulphonamide separately with external and internal standard calibration. In 
the latter option the other five sulphonamides were all tested as internal standards. This was done for all extraction liquids used. The 
results of these simulations demonstrate great differences between different extraction liquid compositions and internal standards for a 
given analyte. Also the calibration method (internal or external calibration) was found to be very important. Circumstances have been 
observed where external standard calibration gives better analysis results than internal standard calibration. The method described here 
can be applied for the selection of a suitable internal standard and extraction liquid for sample preparation by liquid-liquid extraction 
prior toHPLC. 

-___ -----_ --~~-. 

INTRODUCTION 

In bioanalytical methods, calibration graphs con- 
structed from standard assays in relevant biological 
media are always required. The goal of method 
development is to develop accurate measurements, 
through improvement of procedures, precision and 
calibration. In biopharmaceutical analysis, three 
methods of calibration are commonly used: external 
and internal standard methods and standard addi- 
tion methods. A detailed discussion of the three 
methods was given by Smith and Stewart [I]. A 
variant of the external standard technique, the 
deferred standard technique, was introduced by 
Guillemin et al. [2]. In this method. the compound to 
be analysed is injected in pure solution, some time 
after injection but during the chromatographic run 
of the real sample. 

External standard methods have the disadvan- 
tage, as compared with internal standard assays, 
that each step must be controlled regularly. For 
example, in liquid-liquid extractions followed by 
evaporation of part of the organic phase. the partial 
volume of the organic phase has to be maintained 
constant during an analytical run or it should be 
weighed for each standard and each sample. The use 
of an internal standard through the complete proce- 
dure eliminates these problems, as the ratio of 
analyte and internal standard are considered. 

The standard addition method is very well suited 
for samples with analyte concentrations near the 
sensitivity limit. The method has the drawback of 
being a one-point determination; each sample has to 
be analysed at least twice. If only a few samples are 
to be measured, the method is well suited, but 
multiple-sample analytical runs may be more eco- 
nomically analysed using internal standard meth- 
ods. 

The use of internal standard techniques in bio- 
analytical assay methods with chromatographic 

determination is common practice. A number of 
reasons can be given for the importance of the use of 
internal standards. First, internal standards are used 
for the correction of injection volume in the case of 
manual high-performance liquid chromatographic 
(HPLC) injections and partial loop lillings. Haefel- 
linger [3] demonstrated that under such circum- 
stances the precision of the volume of injection may 
be the limiting factor for method reproducibility and 
that the internal standard technique improves the 
reproducibility; the imprecision due to the variance 
of the injection volume can largely be eliminated by 
use of an internal standard. Haefellinger also con- 
cluded that the use of an internal standard with 
automated injection with complete loop filling does 
not improve the precision ofchromatographic meth- 
ods. In fact, he stated that it was better not to use an 
internal standard under such conditions. 

Kelly et al. [4] introduced a method for internal 
standard selection with the use of an internal 
standard data base and a marker solution. The place 
of the internal standard peak in the chromatogram 
was the selection criterion. The approach applies to 
aqueous acetonitrile eluents and is essentially inde- 
pendent of column manufacturer, 

A second argument for the use of an internal 
standard in chromatographic assays is the intercep- 
tion of chromatographic instability and measure- 
ment variability, especially when peak heights are 
measured in the calibration procedure. Addition of 
an internal standard compensates for variance in 
peak heights due to retention time instability or 
column efficiency variance, as these variances influ- 
ence both the analyte and internal standard. In 
assays with chromatographic system instability as 
the only source of imprecision, addition of internal 
standards prior to sample preparation is not neces- 
sary and addition of an internal standard after 
sample preparation but prior to injection in the 
chromatographic system suffices. An example of 
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may be slightly optimistic as compared with the 
results one might obtain during the actual routine 
analysis: there may be small concentration effects, 
especially when low concentrations are used. How- 
ever, the results of the routine analysis simulation 
give a good initial estimate of the behaviour under 
laboratory circumstances. 

From Table V, it can be observed that there is a 
very large difference between external and internal 
standard calibration, especially for extraction into 
extraction liquid 3. An exception to this statement is 
extraction liquid composition 10. If sulphisomidine 
is being extracted with this composition it is better 
not to use the internal standard method, as better 
results are obtained with external standard calibra- 
tion: none of the sulphonamides used in this investi- 
gation is suitable as an internal standard with 
extraction liquid composition 10 (Table VI). Figs. 8- 
10 demonstrate the simulated routine analysis (50 
analytical runs) of sulphisomidine under four differ- 
ent conditions. These figures illustrate the difference 
that may arise between different methods with 
respect to calibration method, internal standard 
selected and extraction liquid composition selected. 
Situation (A) represents analysis with external stan- 
dard calibration using extraction liquid composition 
3. Situation (B) represents analysis with internal 
standard (sulphamerazine) calibration using extrac- 
tion liquid composition 10. Situation (C) represents 
analysis with external standard using extraction 
liquid composition 1. Situation (D) represents 
analysis with internal standard (sulphachloropyri- 
dazine) using extraction liquid composition 1. It is 
clear that situation (A) is inferior to situation (D) for 
the analysis of sulphisomidine: linearity of the 
calibration graphs, C.V. of the duplicate quality 
control samples and predicted mean concentrations 
of duplicate quality control samples are much better. 
External standard calibration in extraction liquid 
composition 1 (C) is better than internal calibration 
with sulphamerazine in extraction liquid composi- 
tion 10 (B). 

Table II demonstrates that the standard deviation 
of the recoveries are relatively small (maximum C.V. 
ca. 5%). Much greater variances of the ratios of 
recoveries may be obtained from extractions with 
relatively large S.D. values. 

The extraction procedure of the mixture of sul- 
phonamides from plasma by replicate measure- 

ments from ten different extraction liquid composi- 
tions is accomplished within 24 h. The simulation of 
each combination of analyte, internal standard and 
extraction liquid composition takes cu. 12 h of 
calculation on the IBM PS/2 Model 80-A31 com- 
puter. 

It can be calculated that this simulation includes 
18 000 analytical runs, i.e., 216 000 analyses. This 
represents CCI. 15 years of experimental work [5 days 
per week, five analytical runs = (5.8) + (5.4) = 60 
analyses in 24 h], which is impossible to accomplish. 

CONCLUSIONS 

Experimental errors in the recoveries of structur- 
ally related compounds are more or less correlated. 
However, the extraction liquid chosen greatly affects 
the correlation between the errors in the recovery of 
analyte and internal standard. The selection of an 
appropriate extraction liquid is very important for 
the development of accurate and reproducible assay 
methods. Selection of unsuitable extraction liquids 
may introduce errors in internal standard calibra- 
tion that are larger than errors in external standard 
calibration. 

Also, the choice of the internal standard is very 
important: even compounds that are structurally 
related to the analyte may demonstrate a dissimilar 
extraction behaviour. It is well reasoned to select as 
the internal standard a stucturally related com- 
pound that demonstrates an extraction behaviour in 
the selected extraction liquid which is most similar. 

Generally, internal standard calibration gives 
better results for liquid-liquid extraction than exter- 
nal standard calibration. However, circumstances 
can be indicated where external standard calibration 
is better. 

A method has been developed for the selection of 
an extraction liquid and/or an internal standard in 
liquid-liquid extraction sample preparation prior to 
HPLC analysis. The quality of routine analysis is 
used as a selection criterion. This quality is approx- 
imated by simulation of 50 analytical runs under 
different conditions (extraction liquid composition 
and calibration method, Figs. 8-10). The quality 
control results under these conditions are compared 
to give optimum extraction conditions. 

The method developed may also be very useful for 
the selection of the composition of an extraction 
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liquid that gives the most robust results for all 
recoveries and recovery ratios after extraction of 
several analytes. 
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