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Abstract
In this study, two methods for metallothioneins (MT) determination in a biological sample were compared.
Particularly, twenty five human and nine pig blood serum samples and liver and kidney samples from thirty five carps
(Cyprinus carpio) were analyzed by enzyme-linked immunosorbent assay and differential pulse voltammetry
Brdicka�s reaction. The results obtained by these two methods were in good agreement. For commercially available
MT standard the correlation coefficient between the single concentrations signal height was 0.99. In biological
samples the correlation coefficients were 0.90 for fish liver and kidney samples, 0.91 for pig blood serum and 0.93 for
human blood serum.
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1. Introduction

Metallothioneins (MT) are low molecular mass intracellular
proteins rich in cysteine (30% from all amino acids).
Aromatic amino acids are not present in its primary
structure, but recently it was found that some metallothio-
neins can contain histidine [1]. In 1957, the first work
describing the properties of a new protein isolated from
horse kidney was published [2]. The relative molecular mass
of MT ranges from 6000 to 10 000. This protein is present in
animals, fungi, plants and bacteria [3 – 8]. The number and
position of cysteine residues in metallothioneins structure is
highly conservative and the structural motifs cys-X-cys, cys-
cys and cys-X-X-cys are formed, where X and Y are amino
acid residues different from cysteine. From these motifs the
binding a and b domains are able to chelate heavy metal ions
[9, 10]. In numerous published papers, the MT level and

stage and/or grade of malignant tumors were given into the
relationship. Moreover, MT is likely to be involved in
resistance formation against platinum-based cytostatics [9,
11 – 19] .It was shown that MT level in blood serum or in full
blood can give us valuable information about the presence,
type and stage of a tumor disease [3, 20 – 24].

For metallothionein�s analysis many methods which are
different in the analytical approach and character of
information obtained can be used [25 – 29]. The most
frequently used techniques for MT determination in bio-
logical samples are the saturation ones, e.g. Cd(II) satura-
tion assay [30, 31], Ag(I) saturation assay [32, 33] and Hg(II)
saturation assay [34, 35], followed by immunochemical [36 –
41], separation [27, 28, 42 – 45], electromigration [46 – 51]
and electrochemical techniques [52 – 60]. Except the pro-
teomic approach the information about the expression and
function of single MT isoforms can be found by mRNA
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analysis using RT-polymerase chain reaction or expression
microarray [61 – 64]. Those methods do not inform about
MT levels, but about mRNAwhich doesn�t need to correlate
with protein expression [65, 66].

Enzyme-Linked Immunosorbent Assay (ELISA) is a
routine method for the determination of a wide spectrum of
analytes both in clinical diagnostics and basic research. For
the metallothionein determination many protocols using
polyclonal [17, 37, 39, 40, 67 – 71] and monoclonal [36, 38,
72 – 74] antibodies were developed, whereas single proto-
cols vary in arrangement, duration and sensitivity. Most
frequently used polyclonal antibodies are rat and rabbit IgG
fraction isolated from the blood serum of immunized
animals. Considering a time-variable antibodies formation
and limited amount of blood serum obtained, problems with
antiserum characterization arise. An advantageous source
of the polyclonal antibodies are sheep and goats, where the
immunoglobulins are obtained from the milk, thus their
multiple obtaining in large volumes is possible [75]. For
antibodies preparation also birds, especially chickens can be
used [76]. Birds as a source of polyclonal antibodies are in
some respects more preferable than mammals. Higher
immunoreactivity of mammalian antigens in bird organism
simplifies the preparation of antibodies against mammalian
conserved antigen like MT or RNA-polymerase II, which
are poorly immunogenic in mammals [17, 77]. The IgY
corresponding to mammalian IgG are isolated from egg
yolks, which enables their obtaining in high amount. Other
benefits are several fold higher immunoglobulins produc-
tion and lower crossreactivity compared to the mammalian
antisera.

Brdicka�s reaction is one from the most frequently used
electrochemical method for MT determination in biological
samples [3, 14, 22, 53, 57, 78 – 81]. This method is based on
measurement of the hydrogen evolution from the support-
ing electrolyte catalyzed by complex of ([Co(NH3)6]Cl3)
with SH groups of the protein at the potential from�1.3 to
�1.5 V [82]. Moreover, the automated electrochemical
analyzer was recently utilized for detection of metallothio-
nein [79, 83]. The mechanism of Brdicka�s reaction,
however, remains still unclear [84].

As it was mentioned above, in real samples the height of
single Brdicka�s peaks and their positions is a resultant from
the signals of all proteins present, so the contribution of MT
to the total signal of all sulfur containing compounds present
in the sample might be critical [58]. The proportion of MT in
the sample can be increased by technique of its preparation,
when some its specific properties (e.g. thermostability) are
used [82, 85]. MT is not the only thermostable protein
remaining in the solution after heat treatment, but it is
usually the only species having significant electrochemical
activity [58].

To our knowledge, Brdicka�s reaction was compared to
immunoanalysis only in one paper, where differential pulse
polarographic MT determination in kidney and liver of the
fish Perca fluviatilis exposed to CdCl2 and ZnSO4 was
compared to RIA [86]. Both immunoanalysis and electro-
analysis got modernized and substantial progressions

particularly in instrumentation and signal processing
were done. The aim of this study is to compare Brdicka�s
reaction in automated arrangement and direct enzyme-
linked immunosorbent assay employing chicken yolk anti-
bodies on the determination of MT in blood serum and
animal tissues.

2. Experimental

2.1. Chemicals and Water Purification

Unless otherwise indicated, all chemicals were purchased
from Sigma Aldrich (USA) in ACS purity. Chicken
antibodies were prepared by HENA, s. r. o., Prague, Czech
Republic. Two hens were immunized by the commercially
available metallothionein (1 mg of the mixture of horse
MT 1 and MT 2, Sigma Aldrich, USA), which was diluted
in water and incubated for seven days at room temperature
in order to polymerize. From the egg yolk the IgY fraction
with reactivity to MT was obtained. The antibodies in
phosphate buffered saline (PBS) were stabilized with
0.1% sodium azide. The protein concentration was
54.7 mg/mL in immunoglobulin fraction. Deionized water
underwent demineralization by reverse osmosis using the
instruments Aqua Osmotic 02 (Aqua Osmotic, Tisnov,
Czech Republic) and then it was subsequently purified
using Millipore RG (Millipore Corp., USA, 18 MW) –
MiliQ water.

2.2. Electrochemical Measurements

Differential pulse voltammetric Brdicka�s reaction meas-
urements were performed with 747 VA Stand instrument
connected to 746 VA Trace Analyzer and 695 Autosampler
(Metrohm, Switzerland), using a standard cell with three
electrodes and cooled sample holder (4 8C). The instrument
is shown in Figure 1A. A hanging mercury drop electrode
(HMDE) with a drop area of 0.4 mm2 was the working
electrode. An Ag/AgCl/3 M KCl electrode was the refer-
ence and glassy carbon electrode was the auxiliary elec-
trode. The software GPES 4.9 supplied by EcoChemie was
employed for smoothing and baseline correction of raw
data. The analyzed samples were deoxygenated prior to
measurements by purging with argon (99.999%), saturated
with water for 120 s. The Brdicka�s supporting electrolyte
containing 1 mM Co(NH3)6Cl3 and 1 M ammonia buffer
(NH3(aq)þNH4Cl, pH 9.6) was used and after each mea-
surement the supporting electrolyte was exchanged. The
parameters of the measurement were as follows: initial
potential of �0.7 V, end potential of �1.75 V, modulation
time 0.057 s, time interval 0.2 s, step potential 2 mV,
modulation amplitude �250 mV, Eads¼ 0 V. All experi-
ments were carried out at 4 8C employing thermostat Julabo
F12 (Labortechnik GmbH, Germany). One hundred times
diluted sample in 0.1 M phosphate buffer pH 7.0 (20 mL)
was used.
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2.3. Dot-Immunobinding Assay

For immunobinding assay the PVDF membrane (Bio-Rad,
USA) was used. The sample (1 mL) was applied and dried.
Further the membrane was blocked in 2% bovine serum
albumin (BSA) in PBS (137 mM NaCl, 2.7 mM KCl, 1.4 mM
NaH2PO4, 4.3 mM Na2HPO4, pH 7.4) for 0.5 h with constant
shaking. The incubation with primary antibody (1 : 500
diluted) was carried out for 1 h at 37 8C. After the three
times repeated washing in PBS containing 0.05% (v/v)
Tween-20 (0.05% PBS-T) for 5 min, the membrane was
incubated in the presence of secondary antibody (rabbit
anti-chicken labeled with horseradish peroxidase, Sigma
Aldrich, USA) in dilution 1 : 5000 for 1 h at 37 8C. Then the
membrane was washed three times in 0.05% PBS-T for
5 min and incubated in chromogenic substrate (0.4 mg mL�1

AEC (3-aminoethyl-9-carbazole) in 0.5 M acetate buffer
with 0.1% H2O2, pH 5.5). After the sufficient coloring the
reaction was stopped by rinsing in water.

2.4. Enzyme-Linked ImmunoSorbent Assay (ELISA)

MT standard (100 mL) or 1000�diluted sample in 0.05 M
carbonate buffer (0.032 M Na2CO3 and 0.068 M NaHCO3,

pH 9.6) was adsorbed on polystyrene 96 well microplate
(Schoeller, Czech Republic) for 1 h at 37 8C. After the
removing of the samples and five-times repeated washing of
the wells with PBS buffer with 0.05% (v/v) Tween-20 (PBS-
T) for 5 min, the free surface of the well was blocked with
2% (m/v) BSA in PBS for 2 h at 37 8C to prevent the
unspecific binding of antibodies to the microplate surface.
After the five-times washing of the wells with PBS-T, which
was repeated after each step of the procedure, the plate was
incubated with 100 mL of the primary antibody (1 :500
diluted) in 1% BSA-PBS for 14 h at 4 8C. Then, the plate was
incubated with 100 mL of rabbit anti-chicken secondary
antibody (rabbit anti-chicken labeled with horseradish
peroxidase, Sigma Aldrich, USA) in dilution of 1 :30000 in
1% BSA-PBS for 1 h at 37 8C to visualize the interaction of
MT with the primary antibody. The amount of primary and
secondary antibodies and incubation times were optimized
(not shown). Prior to application of the chromogenic
substrate the plate was incubated for 15 min with PBS.
The mixture (100 mL) from the following substances
(0.001% (w/v) of 3,3’,5,5’-tetramethylbenzidine (TMB) as
substrate for horseradish peroxidase, 10 mL of hydrogen
peroxide (30%, v/v), 0.5 mL of 2 M sodium acetate adjusted
to pH 5.8 with 1 M citric acid and 10 mL of Mili-Q water)
was applied to single well on the microplate. After the

Fig. 1. (A) Scheme of automated metallothionein detection by using Brdicka�s reaction. Electrochemical instrument includes (a)
autosampler with the cooled sample holder; (b) VA Stand instrument using a standard cell with three electrodes; (c) 746 VA Trace
Analyzer. (B) Scheme of direct ELISA. (a) Proteins including metallothioneins in a real sample were immobilized to microplate surface.
(b) Then the free surface of the well was blocked with 2% BSA in PBS to prevent the unspecific binding of antibodies to its surface. (c)
After the blocking the incubation with chicken primary antibody against MT followed. (d) The interaction of MT with the antibody was
visualized by incubation with rabbit secondary antibody against chicken immonoglobulins labelled with horseradish peroxidase, (e)
consequent enzymatic reaction with the chromogenic substrate (TMB) and absorbance (f) measurement at 450 nm.

2577Metallothionein Detection

� 2009 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.electroanalysis.wiley-vch.de Electroanalysis 2009, 21, No. 23, 2575 – 2583

www.electroanalysis.wiley-vch.de


sufficient coloring (30 min at 37 8C) the reaction was
stopped with 50 mL of 0.5 M H2SO4. The absorbance of the
yellow product was measured at 450 nm using TECAN
Sunrise microplate reader (Switzerland). Measurements of
the samples and standards was carried out in triplicates, in
each plate the calibration curve (MT standard diluted in
carbonate buffer) and blind wells (with carbonate buffer
instead sample and diluting solution for antibodies instead
primary antibody) was included. The scheme of the
procedure is shown in Figure 1B.

2.5. Sodium-Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis (SDS-PAGE)

Electrophoresis was performed according to Laemmli [87]
using a Biometra maxigel apparatus with gel dimension of
17� 18 cm (Biometra, Germany). First 15% (m/v) running,
then 5% (m/v) stacking gel was poured, the gels were
prepared from 30% (m/v) acrylamide stock solution with
1% (m/v) bisacrylamide concentration; the polymerization
of the running gel was carried out at room temperature for
1 h and 30 min for the stacking gel. Prior to analysis the
samples were mixed with sample buffer containing 5% (v/v)
2-mercaptoethanol in a 1 :1 ratio. The samples were boiled
for 2 min, and then loaded onto a gel in 20 mL aliquots. For
the determination of the molecular mass, the protein ladder
�Precision plus protein standards� from Biorad was used.
The electrophoresis was run at 150 V with cooling by tap
water at 7 8C until the front dye reached the bottom of the
gel. Silver staining of the gels was performed according to
Oakley et al. [88].

2.6. Biological Samples

Human blood serum. Blood serum samples for twenty five
patients with head and neck cancer were obtained from the
Department of Otolaryngology and Maxillofacial Surgery,
University Hospital, Brno, Czech Republic. The average
age of the patients was 46� 9. MeLiM pigs. The miniature
pigs are housed in the Institute of Animal Physiology and
Genetics of the Academy of Sciences of the Czech Republic,
Libechov. The MeLiM strain with hereditary melanoma was
established using selective breeding. Three blood serum
samples from animals with melanomas and six from
clinically healthy animals were used in our experiments.
Carp samples. The samples of liver and kidney tissues from
35 carp (Cyprinus carpio) of average weight 84� 6 g and one
year old were obtained from Fisheries Pohořelice C.o. Czech
Republic.

2.7. Sample Preparation

The samples of fish tissues in weight of approximately 0.1 g
were frozen with liquid nitrogen and spread in mortar, and
then exactly 1000 mL of 0.2 M phosphate buffer pH 7.2 was

added to the homogenized sample. The obtained homoge-
nate was transferred into test-tube and vortexed for 15 min
at 4 8C (Vortex Genie, USA). The supernatant was sub-
sequently heat treated.

The samples of blood serum and disintegrated fish tissues
were kept at 99 8C in a thermomixer (Eppendorf 5430, USA)
for 15 min with occasional stirring, and then cooled to 4 8C.
The denatured homogenates were centrifuged at 4 8C,
15000� g for 30 min. (Eppendorf 5402, USA). Heat treat-
ment effectively denatures and removes thermolabile and
high molecular weight proteins out from samples [55]. The
prepared samples were analyzed by automated Brdicka�s
reaction and by ELISA.

2.8. Accuracy, Precision and Recovery

Accuracy, precision and recovery of metallothionein were
evaluated with homogenates (pig blood serum) spiked with
MT standard. Homogenates were assayed blindly and MT
concentration was derived from the calibration curves. The
spiking of metallothionein was determined as a standard
measured without presence of real sample. Accuracy was
evaluated by comparing estimated concentrations with
known concentrations of MT. Calculation of accuracy
(%Bias), precision (%CV) and recovery was carried out
as indicated by Causon [89] and Bugianesi et al. [90].

3. Results and Discussion

3.1. Sodium-Dodecyl Sulfate Polyacrylamide Gel
Electrophoresis

Sodium-dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) belongs to the most commonly and routinely
used methods for determination of proteins [91]. The typical
denaturing SDS-PAGE electrophoreograms of fish tissue
samples (lines 1 and 2), human (lines 3 and 4) and pig (lines 5
and 6) blood serum samples are shown in Figure 2. The
samples were heat treated prior to SDS-PAGE according to
procedure mentioned in Section 2. We were able to detect
MT in the samples, however, in spite of this purification step
denaturing numerous proteins, relatively big amount of
proteins different from metallothioneins potentially inter-
fering with its electrochemical determination was present in
samples. Moreover, low-molecular mass thiols (cysteine,
glutathione and SH-rich peptides), which can be hardly
denatured by heat treatment, can interfere with electro-
chemical MT determination too [92]. Nevertheless, we
proved that both low molecular thiols and non-heated-
degradable proteins did not interfere the Brdicka�s meas-
urements [24]. Surface active compounds present in biolog-
ical samples can influence the adsorption of the analytes
onto the electrode surface, however it was shown that the
influence is minimal in this type of a solution [24].
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3.2. Electrochemical Determination of MT

Autosampler allowing injection of low sample volumes
(units of mL) coupled with stationary electrochemical
analyzer was used for MT determination in the samples.
The used instrumentation allows minimizing sample vol-
umes compared to classical arrangement, where tens or even
hundreds mL sample volumes are needed (Fig. 1). A
measurement lasts less than five minutes. The calibration
curve (dependence of Cat2 peak height on MT concen-
tration, y¼ 1.4961þ 0.0799, R2¼ 0.9928) within the range
from 0.25 to 5 mM was measured. Relative standard devia-
tion of a measurement was 3.6%. The detection limit for MT
estimated as 3 signal/noise (3 S/N) was 5 nM. The detection
limit (3 S/N) were calculated according to Long and Wine-
fordner [93], whereas N was expressed as standard deviation
of noise determined in the signal domain. The proposed
methodology was utilized for determination of MT levels
samples of interest. MT concentration was from 1.5 to
4.2 mM in blood serum of the patients with head and neck
cancer, 1.80 to 6.2 mM in pig blood serum samples and 10 to
440 mg/g in fish tissues.

3.3. Immunochemical Determination of Metallothionein

The functionality and reactivity of the antibodies with
metallothionein standard (mixture of horse MT1 and MT2,

Sigma-Aldrich, St. Louis, USA) was confirmed by dot
immunobinding analysis (Fig. 2A). We were able to detect
0.78 ng MT in one mL, which refers to the concentration of
0.78 mg/mL (0.15 mM) by using chicken antibodies. After the
confirmation of antibodies reactivity, the ELISA method
was optimized. The dilutions of primary (1 :50; 1 : 100; 1 : 200;
1 :300; 1 :500; 1 : 700 and 1 : 1000) and secondary (1 :5000;
1 :10 000; 1 :20 000; 1 :30 000 and 1 : 50000) antibody were
tested. The dilutions of the antibodies were proposed on
basis of manufacturers manual. In addition, the blocking
time of the free well surface (1 to 14 h), time of incubation
with primary (1 to 14 h) and secondary antibody (1 to 3 h)
were optimized too (not shown). Under the optimal
conditions (dilution of the primary antibody 1 :500, dilution
of the secondary antibody 1 : 30000, blocking time 2 h,
incubation with primary antibody 14 h, incubation with
secondary antibody 1 h, for other details see Experimental
section) the dependence of the absorbance on MT concen-
tration was determined (Fig. 2B). This dependence was
linear within the range from 7.8 to 125 ng/mL (1.1 nM to
18.4 nM) with R2 higher than 0.99 (relative standard
deviation 8.8%) and is shown in inset in Figure 2B. The
detection limit was estimated as 2 ng/mL (0.3 nM). To find
suitable dilution of a sample we tested 100� ; 500� ; 1000� ;
2000�and 10 000�diluted human blood serum samples
with coating buffer. Samples diluted 100�and 500�gave
only minimal decrease of the absorbance, which was not
proportional to dilution. At the last three samples dilutions

Fig. 2. (A) SDS-PAGE. Line L: molecular mass standards, the sizes of the standards: 10, 20, 37, 50, 75, 100, 150, 260 kDa, lines 1 and 2:
kidney and liver homogenate from perch, lines 3 and 4: human blood serum, lines 5 and 6: pig blood serum, in inset: detection of MT by
dotting immunoassay. (B) The dependence of absorbance on MT concentration; in inset: the linear part of this dependence within the
range from 7.8 to 125 ng/mL. (C) Correlation between the signal heights obtained by ELISA and Brdicka�s reaction determined for MT
standard within the range from 7.8 to 62.5 ng/mL.
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(e.g. 1000� ; 2000�and 10 000� ) the linear decrease of the
absorbance was observed. Dilution 1000�was chosen for
the following experiments. Recovery of the method was
evaluated by addition of MT standard to the 1000�diluted
sample into resulting concentrations of 12.5, 25 and 50 ng/
mL (Table 1). The recovery varied from 97 to 114%. ELISA
was used also for detection of the same biological samples as
Brdicka�s reaction. MT concentration was from 2.1 to
3.4 mM in blood serum of the patients with head and neck
cancer, 2.4 to 5.6 mM in pig blood serum samples and 2 to
357 mg/g per fish tissue.

3.4. Correlation Between ELISA and Differential Pulse
Voltammetry Brdicka�s Reaction

The correlation coefficient between the signal height of MT
standards measured by ELISA and by Brdicka�s reaction
was higher than 0.99 within concentration range from 7.8 to
62.5 ng/mL (Fig. 2C). In the case of human blood serum
samples the correlation coefficient between the MT con-
centration determined by both methods was higher than
0.935 (Fig. 3A). The relation between ELISA and Brdicka�s
reaction results can be expressed by the following equation:
MT(ELISA)¼ 0.504�MT(Brdicka�s reaction)þ 1.211.
The average difference between Brdicka�s reaction and
ELISA was 12.2%. The correlation coefficient for pig blood
serum samples analysis was 0.918 with the equation:
MT(ELISA)¼ 0.730�MT(Brdicka�s reaction)þ 1.136
(Fig. 3B). The average difference between the results
obtained by these two methods was 10%. In the case of
liver and kidney tissues from carp the correlation coefficient
was 0.903 with the equation: MT(ELISA)¼ 0.751�
MT(Brdicka�s reaction)þ 9.968 (Fig. 3C). The average
difference between the results was 23%.

We proposed and optimized ELISA method for MT
determination using chicken yolk antibodies. This method
was utilized for analysis of blood serum from pigs and
patients with tumor disease and extracts from carp tissues.
The results were compared to those obtained by routinely
used electrochemical method differential pulse voltamme-
try Brdicka�s reaction. The values of the correlation
coefficients and average differences between the results
indicate that the ballast proteins and low-molecular mass
thiols did not affect the determination of MT by both
techniques. The slight differences between techniques could
be caused by high MT content in the samples and its
aggregation and multimerization as a consequence of its
reoxidation [71]. This aggregation can be prevented by

addition of detergents or reducing agents into the sample
prior its heat treatment. Moreover, higher differences
between Brdicka�s reaction and ELISA and lower correla-
tion coefficient in the fish tissues, can be probably associated
with lower reactivity of the antibodies for fish MT.

MT determination in animal tissues by immunoanalysis
was previously compared to other methods, mostly to
saturation assays. The comparison of ELISA with Ag
saturation assay and thiomolybdate assay was performed
by Bienengraber et al. [94]. In spite of the fact that MT can
be quantified by all three mentioned methods, ELISA, in
contrast to saturation methods, didn�t give false negative or
false positive MT levels in real samples (rat liver cytosol)
and exhibited three-times higher sensitivity. Chan et al.
compared ELISA to Ag-hem binding assay [40]. ELISA
routinely estimated the total MT in samples of rat, mouse,
and human liver and kidney at 88%, of the value obtained by
the silver-hem binding assay. Estimation of MT in samples
using purified MT-2 antibodies provided slightly lower
values (72%) for MT in tissues as compared to the Ag-hem
method [40]. The differences correspond to the proportion
of MT-2 in total content of all MT isoforms. Waalkes et al.
compared three methods, particularly cadmium radioassay,
mercury radioassay, and radioimmunoassay (RIA), for MT
detection in livers of rats treated with CdCl2 and ZnCl2 [95].
In livers of rats treated with CdCl2 RIA gave lower results in
comparison to metal radioassays. This phenomenon can be
related to the fact that an organism protects itself by a
complex process of heavy metals chelatation and detoxifi-
cation, thus all proteins with heavy metal content can
influence the analysis results by using the saturation
technique. Our data indicate that although Brdicka�s
reaction is based on unspecific interaction of protein SH
groups with Co3þ ion, the results obtained are comparable to
ELISA (Fig. 3). To our knowledge, chicken antibodies
against MT have been used only once as coating antibody
in sandwich ELISA [17]. Moreover differential pulse
voltammetry Brdicka�s reaction for MT determination has
not been compared to other techniques yet.

Hogstrand and Haux compared an electrochemical
method, differential pulse polarography to RIA [86]. They
determined that MT contents in tissues of fish (Perca
fluviatilis, perch) exposed to CdCl2 and ZnSO4 measured by
differential pulse polarography and RIA were in very good
agreement with the correlation coefficient 0.92. The rela-
tionship between MT concentration determined by these
two methods was expressed by the following equation:
MT(RIA)¼MT(DPP)� 0.99� 0.048 [86]. The higher cor-
relation between the results obtained might be caused by

Table 1. Recovery of MT for analysis of the pig blood serum sample (n¼ 3).

Homogenate (ng/mL) [a] Spiking (ng/mL) [a] Homogenateþ spiking (mM)[a] Recovery (%)

MT addition 1 25.3� 1.2 (4.7) 12.5� 0.5 (4.0) 36.7� 2.8 (7.7) 97
MT addition 2 25.3� 1.2 (4.7) 25.0� 1.0 (4.0) 57.5� 4.9 (8.5) 114
MT addition 3 25.3� 1.2 (4.7) 50.0� 0.4 (1.0) 78.2� 4.5 (5.8) 104

[a] MT concentration; expressed as mean�SD (CV%)
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using metallothionein from Perca fluviatilis as an antigen for
antibodies preparation, which ensured a higher reactivity of
the antibodies for fish metallothionein. Since time of the
publishing of the mentioned paper, the detection limit of
Brdicka�s reaction has been lowered by seven orders. This
great development was achieved primarily by adsorptive
transfer technique (AdTS), in which the target protein are
adsorbed onto the surface of the hanging mercury drop
electrode (HMDE) and transferred into the supporting
electrolyte, where the measurement is carried out. Other
improvement is using differential pulse voltammetry in-
stead polarography and foremost mathematical processing
of the electroanalytical signal, which allows its automation.
Moreover, we shown that ELISA under optimal conditions
and ultrasensitive Brdicka�s reaction gave very similar
results as shown Hogstrand and Haux [86].

4. Conclusions

Two methods (differential pulse voltammetry Brdicka�s
reaction and ELISA) for metallothionein determination in
biological samples were compared. In case of MT standards
analysis the correlation coefficient higher than 0.99 was
achieved and in the case of typical samples analyzed by
automated electrochemical analysis – fish tissues, blood
serum samples from patients with tumor disease and pig
blood serum the correlation coefficients were as follows:
0.90, 0.93 and 0.91, respectively. It can be concluded that
both methods give very similar results. In addition, both
methods are suitable for routine analysis of larger set of
samples, but they are different in the type of the result
obtained.
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6. Abbreviations

AdTS Adsorptive transfer technique
AEC 3-Aminoethyl-9-carbazole
BSA Bovine serum albumin
DPV Differential pulse voltammetry
ELISA Enzyme-linked immunosorbent assay
HMDE Hanging mercury drop electrode
IgG Immunoglobulin G
IgY Immunoglobulin Y
MT Metallothionein
PBS Phosphate buffered saline
PBS-T Phosphate buffered saline with Tween-20
PVDF Polyvinylidenfluoride
RIA RadioImmunoAssay
RT-PCR Reverse transcription

polymerase chain reaction
S.D. Standard deviation
SDS-PAGE Sodium-dodecyl sulfate polyacrylamide gel

electrophoresis
SH Thiol group
TMB 3,3’,5,5’-Tetramethylbenzidine
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