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Amplified response

Non-amplified
response

Y. Hasebe et al. / Anal. Chim. Acta 282 (J993) 363-36:

TABLE 1

Results for catechol, dopamine and L-dopa obtained with thl
FIA system using 1 X10- 3 M L-ascorbic acid solution as 1

carrier at a flow-rate of 2.5 ml min-I

4min----
Concentration Catechol Dopamine L-Dopa
(M) i (nA) a AF. b i (nA) AF. i (nA) AF.

5x 10 5 810 12 890 25 720 11.3
1X 10- 5 790 56 440 61 190 11.8
5xlO-6 650 100 240 67 100 12.5
1X 10-6 140 110 70 97 20 12.5
5 X 10- 7 70 140 50 139 10 15.6
1X 10- 7 40 285 30 416 6 37.5
5 X 10- 8 30 469 20 555

a i = Response current value. b AF. = amplification factor.

Fig. 5. Comparison of the current peak shapes of amplified
and non-amplified responses obtained for the determination
of 5 X10- 4 M catechol. Phosphate buffer (10 mM, pH 6.5)
containing 1X10- 3 M L-ascorbic acid was used as a carrier.
Flow-rate: 2.5 ml min -I.

species (475 nm) could be detected within 20 min
after addition of 5 X 10- 5 M L-dopa to tyrosinase
solution containing more than 1 X 10-3 M L­
ascorbic acid, suggesting that L-ascorbic acid
rapidly reduce the quinone compound to the orig­
inal substrate and suppresses the generation of
catecholchome dye. In the present FIA method,
sufficiently large amounts of L-ascorbic acid can
be continuously supplied from the carrier stream,
which is an important advantage for signal ampli­
fication over batch methods in which the reduc­
ing agent consumed by cyclic reaction is not com­
pensated for [8-10]'

Figure 5 compares the peak shapes of ampli­
fied and non-amplified responses for a sample of
high concentration (5 X 10-4 M L-dopa). The am­
plified peak was four times broader than the
non-amplified peak, which suggests that repeti­
tion of the enzyme-substrate complex formation
prolongs the retention time of the sample in the
reactor. This also supports the assumption that
signal amplification occurs as a result of the cyclic
reaction between catecholamine and catechola­
minequinone in the enzyme reactor.

The results for several concentrations of sam­
ples (catechol, dopamine and L-dopa) are summa­
rized in Table 1. The amplification factor in­
creased substantially on decreasing the substrate
concentration. When the substrate concentration

is very low, e.g., 10- 8_10- 9 M, the amount of the
immobilized tyrosinase and the concentration of
L-ascorbic acid relative to one substrate molecule
become extremely high, and therefore the num­
ber of cycles per unit time at low concentrations
of substrate is large compared with that at high
concentrations. Therefore, a large amplification
factor was obtained in the lower concentration
range of the substrate. In contrast, when a high
concentration of sample was injected, dissolved
oxygen and L-ascorbic acid decreased rapidly, re­
sulting in a small number of cycles of the sub­
strate. Consequently, this system is superior for
the measurement of low-concentration samples.
The relative standard deviation of the current
responses was below 5% for eight measurements.

Figure 6 shows the amplified and non-ampli­
fied calibration graphs for dopamine using carri­
ers with and without L-ascorbic acid. When the

10'& 10-8 10.7 10-6 10-5 10'" 10.3

dopamine ( M )

Fig. 6. Calibration graphs for dopamine obtained by using
phosphate buffer (10 mM, pH 6.5), (0) with and (e) without
L-ascorbic acid. Flow-rate: 2.5 ml min -I.
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Fig. I. SDAS flow system. PI' P2 = peristaltic pumps; F = filter; R I = water; VI = six-way valve; R 2 = KBrO] solution; R] = MO­
HO solution; S = sample; II-I] = syringe-type injectors; 14 = valve-type injector; C = micro cell (see Fig. 2); L = irradiation light
beam; W = waste.

solutions

plates of 3 mm and 1 mm thickness and PTFE
tubing of 1 mm i.d. The dimensions of cell were
designed to exclude air bubbles in the reacting
solution and to minimize the residual solution on
its wall and funnel-like bottom after a measure­
ment. After absorbance measurement, the solu­
tion in the cell was drained out and discarded by
the operation of PI' The irradiation beam was
masked to give a beam cross-section of 1.5 mm X 5
mm.

The absorbance change of MO at 490 nm was
measured using a Shimadzu Model UV-160 spec­
trophotometer with a built-in data processor, by
which the reaction rate [u = .:l(absorbance)/
Mtime)], corresponding to the rate constant of a
pseudo-zero-order reaction, was automatically
printed out.

Catalytic determination of sulphide. Water (R),
50 jLJ), 0.013 M potassium bromate solution (R z,
50 jLJ), the sample or standard sulphide solution
(S, 100 jLJ) and 4.9 X 10- 5 or 15 X 10-5 M MO­
0.54 M Hel solution (R 3' 117 jLJ) were sequen­
tially introduced into the flow line through the
injectors (1)-1 4 ) by microsyringes and the opera­
tion of Pz- After standing for 2 min, air carrier
was introduced for about 15 s by the operation of
P, to deliver the air-sandwiched solutions into the
micro cell. In the cell, the air carrier was sepa­
rated and removed from the solution. The reac-
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from the same water-bath to a cell holder of a
spectrophotometer as shown later.

Figure 2 shows the details of the micro cell,
which was made of hydrophobic acrylic resin

o 5mm
L....--I

Fig. 2. Micro cell for SDAS flow system. a = PTFE tubing;
b = removable tube guide; c = transparent acrylic resin plate;
d = mixed solution (ca. 300 JoLt); L = irradiation light beam.
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Hypertext tools for the selection of dissolution methods
prior to the atomic absorption analysis of pharmaca

W. Penninckx, J. Smeyers-Verbeke and D.L. Massart,
Vrije Unioersiteit Brussel, Laarbeeklaan 103, 1090 Brussels (Belgium)

L.G.c.w. Spanjers and F.A. Maris
AKZO Pharma group, Organon International BV, P.D. Box 20,5340 BH Oss (Netherlands)

(Received 1st June 1993)

Abstract

A hypertext system for the selection of dissolution methods prior to the atomic absorption analysis of pharmaca
was developed. The knowledge about dissolution methods, available in an industrial quality assurance laboratory, was
first structured in a decision tree. The tree was implemented in a knowledge-based computer system using Toolbook
software, an object oriented language for the personal computer. Beside its user-friendliness and possibility to build
an attractive user-interface, this language permits the extension of the system with some important options, which
would be difficult or impossible to create with other tools. The most important options are: (a) a partial
maintainability of the system that is given to the user, (b) the visualization of the strategy of the decision making by
displaying the structure of the tree in combination with a list of consulted pages, and (c) a database which ensures the
completeness of the presented information and can easily be separately consulted.

Keywords: Atomic absorption spectrometry; Dissolution methods; Knowledge-based systems; Pharmaca

The selection of a dissolution step prior to the
analysis is found to be one of the major problems
in the development of atomic absorption spectro­
metric methods for pharmaceutical purposes [1].
In practice a wide variety of dissolution methods
is used, which frequently differ from matrix to
matrix and from element to element. Industrial
quality control laboratories often develop specific
methods for the analysis of their own products
and materials. In this project we tried to structure
theknowledge about this problem, available in an
analytical industrial laboratory, and to present it
in a clear and complete way to the analyst. First

Correspondence to: D.L. Massart, Vrije Universiteit Brussel,
Laarbeeklaan 103, 1090 Brussels (Belgium).

the knowledge was structured in a number of
rules which were transformed into a decision
tree. Different tools have been investigated to
implement the tree in a knowledge-based com­
puter system, which assists the analyst in the
selection of dissolution methods [2]. Among them
an expert system shell, analog to the one that was
used by Browett et al. [3] to implement
"ACmethods", the analytical methods selection
module of the"ACexpert" system for automated
atomic absorption spectrometry. The fact that the
knowledge was structured in a decision tree is,
however, in contradiction with the concept of a
rule-based expert system, where the system itself
should decide which parts of the information are
used and how these parts are linked to each

0003-2670/93/$06.00 © 1993 - Elsevier Science Publishers B.V. All rights reserved
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