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Fluorimetric Determination of Aluminium in Serum
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A convenient fluorimetric method for the routine determination of aluminium in serum has been developed
using lumogallion [4-chloro-3-(2,4-dihydroxyphenylazo)-2-hydroxybenzene-1-sulphonic acid]. Losses of
aluminium during deproteinisation of the serum were prevented by treatment with a combination of 20 or
30% m/Vtrichloroacetic acid (TCA) and 5% m/V TCA. Iron{lll) was removed by extraction into chloroform with
capriquat (methyltrioctylammonium chloride) as an Fe3*+ - lumogallion - capriquat ternary complex. The
interference from Cu2+ was eliminated by using thiosulphate as a masking agent. The detection limit was 3.6
ng ml-1and the calibration graph was linear up to 1.4 pg ml—1 of aluminium. Using the proposed method, the
average concentration of aluminium in the serum of healthy subjects was found to be 6.8 ng ml-1, in

agreement with values reported in the literature.
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The importance of monitoring aluminium concentrations in
the blood of patients undergoing haemodialysis has been
realised because of the suspicion that aluminium intoxication
is responsible for encephalopathy, oesteopathy and Alzhcim-
er's disease.!'-? Graphite furnace atomic absorption spec-
trometry* and inductively coupled plasma atomic emission
spectrometry,® which are excellent methods for the determi-
nation of aluminium in serum, are usually used. In the
fluorimetric method, the serum has to be deproteinised and
hence the analytical procedure is cumbersome. The method
has, therefore, received little attention; also, the deproteinisa-
tion step increases the possibility of contamination and of a
loss of precision. However, fluorimetry is a simple and
sensitive technique and does not require expensive apparatus.
In addition, it is not necessary to employ a skilled operator.

The aim of this work was to develop a fluorimetric method
for the dctermination of aluminium that could be used for
routine analysis in clinical laboratories. This paper describes a
convenient method, using lumogallion [4-chloro-3-(2,4-dihy-
droxyphenylazo)-2-hydroxybenzene-1-sulphonic acid] as a
reagent, which is highly sensitive to aluminium.

Experimental
Apparatus

An Hitachi Model 204 fluorescence spectrophotometer with a
150-W xenon lamp was used. The working conditions were as
follows: excitation wavelength, 490 nm; emission wavelength,
570 nm; lamp current, 7 A; and sensitivity, X 1. An Hitachi
Model 05P-21B centrifuge and a Simazuseisakusho Model U
240 spectrophotometer were also used.

Prevention of Contamination

Care was taken in sample storage, reagent preparation and
pre-treatment of equipment in order to prevent contamina-
tion. Serum samples were stored in 10-ml calibrated poly-
propylene test-tubes and all reagent solutions were stored in
polycarbonate vessels. The test-tubes and the vessels were
washed with 20% V/V nitric acid and de-ionised, doubly
distilled water.® Commercially available reagents, high-purity
grade, were used as received. The blank value throughout the
analytical procedure was equivalent to about 90 ng of
aluminium. This high value was mainly due to contamination

by the reagents. However, the variation in the values was 1.8
ng as the standard deviation, which is small enough to permit
the determination of aluminium at the nanogram level. When
a new reagent solution is prepared, the blank value should be
checked. Further, the blank value should be shown to be free
from contamination by the equipment by determining the
blank value again immediately before the analysis.

Procedure

One- and 2-ml volumes of serum are placed in separate
test-tubes. To the former, 1 ml of 20% m/V trichloroacetic
acid (TCA) is added and to the latter, 1 ml of 30% m/V TCA in
order to deproteinise the serum. The mixture is stirred for 1
min with a vortex-type mixer, centrifuged for 5-10 min at 4000
rev min—! and the supernatant transferred into another
test-tube. One millilitre of 5% m/V TCA is then pipetted into
the test-tube containing the precipitate. After stirring vigor-
ously, the mixture is centrifuged for 10 min at 4000 rev min—!
and the supernatant thus obtained is combined with the first
supernatant.

Two millilitres of 0.2 M potassium hydrogen phthalate are
added to the supernatant as a buffering agent. When the
volume of serum taken is 1 ml, 0.6 ml of 2 M sodium hydroxide
solution is added and when it is 2 ml, 0.8 ml of the sodium
hydroxide solution is added. The pH will then be in the range
3.8-4.8. These test solutions are mixed with 0.5 ml of 2.5%
m/V sodium thiosulphate solution and the mixture is allowed
to stand for 10 min, after which 0.5 ml of 0.1% m/V
lumogallion solution is added. The volume is made up to 10 m!
by the addition of doubly distilled water and the mixture is
heated at 70 °C for 5 min. The reaction mixture is cooled with
water and transferred into a 100-ml separating funnel. Excess
of lumogallion and the Fe** - lumogallion complex are
extracted with 10 ml of 1.25% m/V capriquat - chloroform.
The aqueous layer is allowed to stand until it becomes clear
and the sample is then analysed by the proposed method.

A control solution and a solution employed for constructing
the calibration graph are prepared using an aluminium
standard solution (1 ug ml—1). When the volume of serum
taken is 1 ml, 0.8 ml of 2 M sodium hydroxide solution is added
and when it is 2 ml, 1.1 ml of the sodium hydroxide solution
are added.
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Fig. 1. (a) Excitation and (b) emission spectra. A and B, Reaction
mixture of aluminium (1 pg mi-!) and lumogallion: C and D,
aluminium - lumogallion complex
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Fig. 2. Relationship between the concentration of lumogallion and
the fluorescence intensity. 1., Reaction mixture of aluminium
(1 ug ml—!) and lumogallion; 2, aluminium - lumogallion complex.
The fluorescence intensity of the reaction mixture was 50 at a
lumogallion concentration of 0.05 mg ml—!

Results and Discussion
Spectra of the Aluminium - Lumogallion Complex

The reaction mixture gave pcaks at 500 and 575 nm in the
excitation and emission spectra, respectively. The spectrum of
the aluminium - lumogallion complex could be obtained by the
ion-pair extraction of excess of lumogallion into capriquat -
chloroform. The excitation and emission spectra of the chelate
are shown in Fig. 1. The peak at 500 nm in the excitation
spectrum of the reaction mixture was shifted to a shorter
wavelength, 490 nm, in the corresponding spectrum of the
aluminium - lumogallion complex. In addition, a discernible
shoulder was present at 475 nm. The peak at 575 nm in the
emission spectrum of the reaction mixture was also shifted to a
shorter wavelength of 570 nm.

Amounts of Reagents Required

The final concentration of TCA in each sample was presumed
to be different because of the consumption of TCA during the
deproteinisation step. The concentration of TCA had no
effect on the fluorescence intensity in the range 1040 mg ml—!
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Fig. 3. Extractability of the aluminium - lumogallion complex into
capriquat - chloroform. 1, In the absence of TCA; and 2, [TCA] = 25
mg ml~1. [Aluminium| = 1 ug ml~!. For extraction with 100 mg of
capriquat the recovery was set to 100%

and hence the final concentration of TCA did not have to be
kept constant prior to measurement.

The relationship between the concentration of lumogallion
and the fluorescence intensity is shown in Fig. 2. The
fluorescence intensity curve for the reaction mixture (curve 1)
exhibited a maximum at a lumogallion concentration of ca.
0.01 mg ml—!. Because of the absorption of exciting light by
lumogallion itself, the fluorescence intensity decreased as the
amount of lumogallion increased. The tluorescence intensity
of the curve obtained by removing the excess of lumogallion
with 125 mg of capriquat (curve 2) was greater than that of the
reaction mixture. At a concentration of lumogallion greater
than 0.05 mg ml-!, the intensity of curve 2 reached a
maximum and remained constant. Therefore, lumogallion
should be used at a concentration of more than 0.05 mg ml-1!.

The ion-pair extraction with capriquat was carried out in
order to remove excess of lumogallion and to eliminate the
interference from Fe3*. The aluminium - lumogallion complex
must not be extracted into capriquat - chloroform. The curve
for the extraction of the chelate is shown in Fig. 3. The
presence of large amounts of anions such as trichloroacetate
influenced the extractability of the aluminium - lumogallion
complex; the complex was not extracted into chloroform
containing up to 125 mg of capriquat in the absence of TCA.
However, at a TCA concentration of 25 mg ml—1, the chelate
was not extracted into the chloroform layer even with 300 mg
of capriquat. The formation of an ion-pair complex between
the chelate and capriquat appears to be suppressed further
with an increase in the concentration of TCA for a given
amount of capriquat. As the final concentration of TCA was
presumed to be different in each sample, 125 mg of capriquat
should be used for the extraction. On the other hand, it was
found that, irrespective of the TCA concentration in the
reaction mixture, 0.5 mg of lumogallion was completely
removed with 100 mg of capriquat in the pH range 2.2-6.4.

Reaction Conditions

The effect of temperature on the reaction of lumogallion with
aluminium was investigated at 50 and 70°C. About 20 min
were required to obtain the maximum fluorescence intensity
at 50°C. At 70°C, the fluorescence intensity reached a
maximum and remained constant in less than 5 min.

The influence of pH on the fluorescence intensity of the
aluminium - lumogallion complex is shown in Fig. 4. The
fluorescence intensity reached a maximum and remained
constant in the pH range 3.84.8. Changes in the TCA
concentration in the sample had no influence on the fluores-
cence intensity. As the pH before and after the extraction with
capriquat was very similar, it was not necessary to adjust the
pH after the extraction.

Interferences

The proposed method was free from interferences from the
principal ions found in human serum as shown in Table 1.
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Fig. 4. Effect of pH on the fluorescence intensity of the aluminium -
lumogallion complex. [Aluminium] = 1 pg ml~1. The fluorescence
intensity was 100 at pH 4.3

Table 1. Interference study

Added/
Ion ug Aluminium recovery + 8D, % *
Cro+ e 0.2 99.0£3.5
Zn>+ o0 0 L 2 101.0 £ 1.8
Co* .. .. .. 0.2 98.4+ 1.8
Niz+ e 0.2 100.3 + 3.5
Ca’+ .. .. .. 400 100.0 £ 0.7
Na+ .. .. .. 7000 99.9 £ 2.0
p3+ oo .o 80 99.0 £ 0.5
Vi+ e 0.2 99.3+0.9
Sn+ e 0.2 99.9+2.1
Mg+ .. .. .. 130 99.1£3.5

* Four measurements were made on each set. 100 ng of aluminium
were used. Values given are average recoveries *+ standard deviation.
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Fig. 5. Absorption spectra of the lumogallion complexes of alu-
minium, Fe3*+ and Cu?+. A, Aluminium - lumogallion; B, Fe3+ -
lumogallion: C, Cu?* - lumogallion; D, in the absence of Fe3+ -
lumogallion; E, in the absence of Cu?* - lumogallion; and F,
alumi?illlm - lumogallion solution treated with Na$,05. [TCA] = 35
mg ml—

Iron(IIl) and Cu?+ formed coloured chelates with lumogallion
having absorption maxima at 430 and 500 nm, respectively.
Because these wavelengths were close to that of the alu-
minium - lumogallion complex (absorption maximum at 490
nm), the fluorescence intensity of the latter decreased due to
the absorption of exciting light by the complexes of lumogal-
lion with Fe3* and Cu?*. The chelation of Fe3* increased
markedly with decreasing acidity in the pH range 2-5. The
Cu?+ - lumogallion complex formed readily in the pH range
3-5.

The Fe3* - lumogallion complex was observed to form a
ternary complex with capriquat easily. The extractability of
the Fe3+ - lumogallion complex was not influenced by changes
in the TCA concentration up to 35 mg ml—1. A decrease in the
extractability occurred with increasing acidity at a pH of less
than 4.0. However, at a pH greater than 3.8, the Fe3* -
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Table 2. Interference from Fe3* and Cu?+

Added/ Aluminium reccovery(A). Aluminium recovery(B).

[on ug +SD, %* +SD, %*
Fe3t .. 25 91.7+2.1 100.4£1.5
Fe3r .. 5.0 82.2+1.9 983+ 1.1
Cu?* .. 1.5 91.2+ 1.7 100.7 £2.7
Cu?+ .. 3.0 86.8 3.0 99.0 +3.1

* (A) Before the climination of the interference; (B) after the
climination of the interference. 100 ng of aluminium were used. Four
mcasurcments were made on cach set.

Table 3. Aluminium recovery

Aluminium  Volume of  Aluminium

added/ serum/ found/ Recovery,
ng ml ng* Yo * CV,%T
25 1.0 24.0 95.8 7.0
50 1.0 49.9 99.7 6.8
100 1.0 97.9 97.9 3.6
50 2.0 49.0 97.9 6.9
100 2.0 97.9 97.9 4.0

* Average of four measurements.
1 Coefficient of variation of recovery.

Intensity, arbitrary units
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Fig. 6. Calibration graph. [TCA}: O, 25; and @, 35 mg ml-1. The
fluorescence intensity was 50 at an aluminium concentration of 0.1
ug mi—!

lumogallion complex was extracted into the chloroform layer
almost completely. Absorption spectra of the complexes of
lumogallion with aluminium, Fe3+ and Cu2+*, the concentra-
tions of which were 1 ug ml—! in each sample, were obtained
by extraction with capriquat. The results are shown in Fig. 5.
The absorption spectrum of the aluminium - lumogallion
complex was obtained by removing the excess of lumogallion
with 125 mg of capriquat. The absorption spectrum of the Fe3+
- lumogallion solution containing a small amount of lumogal-
lion was obtained by using 25 mg of capriquat. The Fe3+ -
lumogallion complex was removed by using 125 mg of
capriquat. The Cu?* - lumogallion complex hardly formed an
ion-pair complex with 125 mg of capriquat, ¢f. aluminium in
the presence of large amounts of TCA.

The reaction of Cu?+ with S,052- in acidic solution was
used to climinate the interference from Cu2+. The absorption
due to the Cu2* - lumogallion complex was decreased
markedly by the addition of 0.5 ml of 2.5% m/V sodium
thiosulphate solution in the pH range 3.8-4.8. The addition of
0.5 ml of 2.5% m/V thiosulphate solution had no influence on
the formation of the aluminium - lumogallion complex. On the
other hand, the interference from Fe3+ could not be elimi-
nated by S;052-.
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Table 4. Measurement of serum aluminium in 15 healthy subjects

Agel Aluminium concentration/
No. Sex years ngml-!

1 M 49 7.5
2 F 58 6.6
3 M 49 3.8
4 M 59 38
5 F 58 5.1
6 F 52 7.5
7 F 48 8.1
8 F 54 7.2
9 M 48 6.4
10 F 18 4.2
11 F 18 11.1
12 F 18 3.8
13 F 48 5.1
14 F 38 9.4
15 M 38 13.2
Average: 6.8

Standard deviation: 2.8

Interferences from up to 5 pug of Fe3+ and 3 pg of Cu2+, the
average concentrations of which in human serum are now
generally recognised to be 1.3 and 1.1 ug ml—1, respectively,’
could be eliminated completely as shown in Table 2.

Recovery

In order to prevent a decrease in the aluminium recovery
caused by the deproteinisation step, the operating conditions
were investigated. Centrifugation at 4000 rev min—! for 5-10
min was found to be sufficient to remove all of the precipitate.
The recovery of aluminium was determined by using 1 or 2 ml
of serum to which 100 ul of an aluminium standard solution
containing 1 pug of aluminium had been added. When 1 ml of
20% m/V TCA was used for the treatment of 1 ml of serum,
the aluminium recovery was 79.4% (n = 4). When the
precipitate obtained was washed further with 1 ml of 5% m/V
TCA, the recovery increased to 95.8% (n = 4). Two washings
with 5% m/V TCA only increased the recovery a little further
[96.8% (n = 4)]. For the deproteinisation step, the trcatment
with a combination of 20 and 5% m/V TCA gave an aluminium
recovery of about 80% for 2 ml of serum. When the TCA
concentration was increased from 20 to 30% m/V, more than
95% of the aluminium could be recovered based on the
addition of 100 ng of the metal. Recoveries for the addition of
less than 100 ng of aluminium to 1 and 2 ml of serum are shown
in Table 3.

Calibration Graph and Detection Limit

An example of a calibration graph is shown in Fig. 6. The
calibration graph was linear for aluminium concentrations in
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serum ranging from 0 to 1.4 ug ml-! regardless of the TCA
concentration. The detection limit, calculated as the amount
equivalent to twice the standard deviation of the blank, was
3.6 ng ml—1.

Aluminium Concentration in Serum

One- and 2-ml volumes of pooled serum from a healthy
subject were analysed using the proposed procedure in order
to confirm the precision of the measurements. The concentra-
tions of aluminium found were 7.0 % 1.8 [1 ml of serum (n =
5)] and 7.1 + 1.2 ng ml~! [2 ml of serum (n = 5)]. The values
show excellent agreement.

Two types of pooled serum from a healthy subject were also
analysed. The aluminium concentrations were found to be 8.5
+ 1.5 (sample volume = 1 ml, n = 10) and 6.7 £ 0.9 ng mI~!
(sample volume = 2 ml, n = 10). These average concentra-
tions are close to the normal values reported for aluminium in
serum. 3-89

The method was applied to the measurement of aluminium
in the serum of healthy subjects and in the serum of patients
with Alzheimer’s discase and those undergoing haemodialy-
sis. The concentrations of aluminium found were 6.8 = 2.8 (n
=15),25.8 £ 7.8 (n = 10) and 48.3 + 44.2 ng ml~! (n = 35),
respectively. The results show that the average concentration
of aluminium in the serum of patients with Alzheimer’s
disease and those undergoing haemodialysis is significantly
higher than in healthy subjects. Table 4 gives the results for
the measurement of serum aluminium in 15 healthy subjects.
Using the proposed method, ten samples could be analysed in
2-3 h.
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