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Summary: The influence of the high-molecular-mass sample matrix in the direct enzymatic measurement of
glucose in haemolysate was investigated by a comparison study using ultrafiltered haemolysate for reference.
Haemolysate was obtained by 1 : 21 dilution of whole blood with a solution of digitonin and maleinimide. It
was shown that at low protein concentration glucose distributes in a 1 : 1 ratio during ultrafiltration. With a
hexokinase/glucose-6-phosphate dehydrogenase procedure excellent agreement was found between values
measured in haemolysate (y) and ultrafiltrates (x), when incubation was performed at 25°C (a = 0.047
mmol/l; b = 0.99; r = 0.999, n = 37); at 37 °C, however, the same procedure resulted in a non-tolerable
systematic deviation in the direct analysis of haemolysate (a = —0.426 mmol/l; b = 1.00, r = 0.997, n = 37).
The precision of measurements in haemolysate and ultrafiltrate was similar (CV 1.0—1.2%). Since stable
reference material with an appropriate matrix is not available, it is important to evaluate haemolysate
procedures carefully by comparison studies with patient samples. For reduction of experimental error in such
studies we recommend the use of ultrafiltered haemolysate, since this can be analysed side by side with
haemolysate in the same run.

Introduction

The hexokinase/glucose-6-phosphate dehydrogenase')
principle is the basis for both reference and routine
measurement of glucose concentration in body fluids.
In the generally accepted reference measurement pro-
cedure, protein-free supernatant is used for the anal-
ysis of serum (1). Field methods preferably omit de-
proteinization for reasons of simplification, but this
may be counterbalanced by a loss of accuracy. Es-
pecially in the direct analysis of haemolysate for blood

') Enzymes: Hexokinase, ATP:D-hexose 6-phosphotransfer-
ase, EC 2.7.1.1; Glucose-6-phosphate dehydrogenase, D-Glu-
cose-6-phosphate : NADP  oxidoreductase, EC 1.1.1.49;
Phosphogluconate dehydrogenase, 6-Phospho-D-glucon-
ate: NAD(P) 3-oxidoreductase (decarboxylating), EC
1.1.1.44; Glucosephosphate isomerase, D-Glucose-6-phos-
phate ketol-isomerase, EC 5.3.1.9.
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glucose (2) the performance of the hexokinase method
may be compromised by the high-molecular-mass
compounds of the sample matrix, e. g., haemoglobin,
erythrocyte phosphogluconate dehydrogenase') and
glucosephosphate isomerase') (3). Although it has
been shown that good agreement between glucose
values obtained from haemolysate and protein-free
supernatant is achievable (3 —4), this has to be con-
firmed whenever a relevant analytical variable in the
direct glucose measurement is changed, e. g. the type
of haemolysing agent, reagent composition, duration
and/or temperature of incubation. Here a new exper-
imental approach is described for such comparison
studies, in which haemolysate samples and the cor-
responding protein-free ultrafiltrates are analysed in
the same run. A brief presentation of this principle
has already appeared as an abstract (6).
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tion of added glucose (see “Results”). Interestingly a
slight underrepresentation of glucose in the ultrafil-
trate in the order of 2—3% was observed in distri-
bution experiments, if the filtration rate was further
increased by centrifuging the ultrafilter at 1700 instead
of 350 g (data not shown).

The advantage of ultrafiltration with respect to con-
ventional deproteinization with protein precipitating
agents is that a dilution and contamination of the
sample is avoided (6). This assures compatibility of
the sample with the analytical system used; differences
between results from direct analysis and from ultra-
filtrate analysis, which exceed the random variation,
can be attributed to non-specificity or interference
caused by the high-molecular-mass components.

Use of ultrafiltrates for comparison studies

Two variants of an automated procedure for direct
measurement of glucose concentration in haemolysate
or plasma, differing only with respect to the temper-
ature chosen for incubation (25 or 37 °C), were in-
vestigated. The comparison experiments using ultra-
filtrates for reference show that at 25 °C there is good
agreement between results, while at 37 °C measured
values deviate systematically by —0.43 mmol/l (see
tab. 1 and fig. 2 and 3). The cause of this negative
deviation of results observed at 37 °C in the presence
of haemolysate has not been identified; its extent is
time dependent (see fig. 1). With an alternative hexo-
kinase reagent of different composition inconstant
absorbance in direct haemolysate analysis was not
observed (10).

The allowable systematic deviation in the measure-
ment of blood glucose derived from accepted guide-
lines for statistical quality control (11, 12) is 5%, e. g.,
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0.25 mmol/l if the expected value is 5 mmol/l. The
use of 37 °C for glucose determination in haemoly-
sates with the investigated analytical system would
therefore require correction of the results by a con-
stant value. Better still, this incubation temperature
should be avoided, because the measurement of glu-
cose should be free of bias (13).

As can be seen from the data in table 1, the agreement
of results obtained with diluted plasma and the cor-
responding ultrafiltrates is also better at 25 than at
37 °C. However, the offset and slope obtained in
regression analysis did not differ significantly in the
37 °C procedure from 0 or 1, respectively.

The present study shows that direct analysis of hae-
molysate using an incubation temperature of 25 °C
gives a good analytical performance, which is equiv-
alent to a more laborious variant of the method
involving deproteinization. This confirms earlier re-
ports on the use of manual (5) or mechanised tech-
niques (14) at room temperature. On the other hand
it should be emphasized that variants of the haemo-
lysate procedure (e.g., with incubation at 37 °C)
should be carefully evaluated before they are imple-
mented for clinical service.

Since a suitable stable reference material for quality
control is lacking, comparison studies are essential.
The use of ultrafiltered samples for reference as de-
scribed in this paper appears to be a valuable tool in
such studies.
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