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a b s t r a c t

The analytical properties of two commercial plant peroxidases isolated from horseradish roots and soy-
bean hulls in the catalysis of the transformation of some catecholamines were demonstrated in the
absence and presence of thyroid hormones (l-thyroxine and 3,3′,5′-iodothyronine). For the first time
the reactions of dopamine, adrenaline, and �-methyldopa oxidation with H2O2 catalysed by horseradish
peroxidase with the addition of l-thyroxine as the amplification agent were studied and proposed as the
eywords:
orseradish and soybean peroxidases
atecholamines
hyroid hormones
harmaceutical analysis

indicator reactions for the simple and rapid enzymatic determination of the indicated catecholamines
in their concentration ranges 0.5–300, 4–300, and 100–400 �M, respectively. The catalytic activity of
the enzyme (characterized by the reaction rate) was controlled spectrophotometrically. The optimum
conditions for the indicator reactions were thoroughly characterized. The mechanism of the stimulatory
effect of l-thyroxine on the oxidation of the catecholamines was discussed. The developed enzymatic

ully a
orms
procedures were successf
in some pharmaceutical f

. Introduction

Dopamine (DA), adrenaline (AD), and �-methyldopa (MD)
elong either to natural products of adrenal glands in human beings
r to synthetic biologically active compounds of neurotransmitters
lass – catecholamines. Insufficient concentrations of DA and AD in
ody fluids cause such serious diseases as anorexia, schizophrenia,
arkinson’s disease etc. Nowadays, catecholamine-based pharma-
euticals are widely used in medicine, therefore, it is extremely
mportant to estimate the quality of these pharmaceuticals in phar-

aceutical industry and intra-pharmacy control.
According to the European Pharmacopoeia, catecholamines

re determined by their potentiometric titration by HClO4 in
ormic or glacial acetic acid media [1]. There are many various
echniques proposed in the scientific literature for the determina-
ion of catecholamines in pharmaceuticals including voltammetric
2–7], spectrophotometric [8–10], luminescent [11–13], chromato-
raphic [14–18], or kinetic [19] procedures. Unfortunately, the

xisting procedures have some disadvantages such as expensive
quipment [17–21], laborious [2–4,6,11,12] and time-consuming
8–10,13] photometric reactions, and difficulties in implementa-
ion [5,19]. In addition, nowadays the electrochemical biosensors
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pplied for the determination of dopamine, adrenaline, and �-methyldopa
.

© 2011 Elsevier B.V. All rights reserved.

based on bean sprout peroxidase [20], peroxidases from zucchini
[21], polyphenol oxidase from palm tree [22] were developed
for the determination of DA in pharmaceutical formulations with
the detection limits 10, 26, and 50 �M, respectively. Only one
biosensor for the determination of AD with its detection limit
8 nM was reported [23], which employed polyphenol oxidase from
banana. It is necessary to emphasize that in all mentioned cases
the researchers have applied the crude extracts of the enzymes
prepared in vitro instead of their commercial preparations. Such
approach limits the application of the described biosensors for rou-
tine pharmaceutical analysis.

Depending on a pharmaceutical form, concentrations of cate-
cholamines in drugs vary in the rather wide range (1 �M–1 mM).
Therefore, it is preferable to develop and use the analytical pro-
cedures which provide the determination of catecholamines in
different pharmaceutical formulations. A promising approach to
the determination of catecholamines, and DA, AD, and MD espe-
cially, is the application of well-known, thoroughly studied, highly
active, stable, and commercially available peroxidases isolated
from horseradish roots (HRP) and soybean hulls (SBP) [24]. In
the quality control of catecholamine-based drugs it is expedient
and convenient to couple the enzymatic determination of cat-
echolamines with the simple and available spectrophotometric

method for monitoring the rate of their biotransformation. The
indicated enzymes are known to catalyse the oxidation of the
considered substances by H2O2 [25], although the produced chro-
mophores have low absorptivity, and oxidation occurs slowly [26].
It should be mentioned that only few procedures for DA, AD, and
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D determination using native plant peroxidases and spectropho-
ometry to control the reaction rate could be found in the literature
27]. They are based on the interference of catecholamines with the
ormation of quinoid dyes produced by coupling of p-chlorophenol
nd 4-aminoantipyrine catalysed by HRP. These procedures are
imple and sensitive (cmin – 2 and 1 �M for DA and AD, respec-
ively), but they are not rapid and require additional reagents beside
he enzyme.

Thyroid hormones are known to stimulate the production of
atecholamines in human body in vivo [28]. In 1950–1960 while
tudying the relationship between oxygen consumption of ani-
als and an increase in metabolic rates, Klebanoff [29] reported

hat l-thyroxine (T4) and some related compounds stimulated AD
xidation by H2O2 catalysed by HRP in vitro. The reaction rates
ere measured in the absence and presence of thyroid hormones

s the absorbance change at 300 nm. The maximum stimulatory
ffect on AD oxidation rate was observed in the case of T4 and
,3′,5′-iodothyronine (T3) at 25 ◦C in 5 min after mixing the com-
onents of the reaction. Despite the obvious analytical outlooks of
his indicator system, a procedure for AD determination was not
eveloped. The amplification of other enzymatic reactions by “sec-
nd” substrates of biocatalysts was also described by other authors
enzymologists) [30]. However, nobody has used this effect yet to
evelop the procedures for the determination of catecholamines
tilizing plant peroxidases.

We studied the effect of thyroid hormones on the oxidation not
nly of AD, but also of DA and MD, and not only in the presence
f HRP but also of SBP. As a result of the present research, novel,
imple, and rapid enzymatic procedures for DA, AD, and MD deter-
ination in pharmaceuticals were proposed. These procedures are

ased on the thyroid amplification of catecholamines oxidation by
2O2 catalysed by commercial preparations of HRP and SBP using

pectrophotometric control of the rates of the indicator reactions.

. Experimental

.1. Reagents and materials

.1.1. Enzymes
HRP and SBP (EC 1.11.1.7) were purchased from Sigma (USA).

he solutions of the enzymes were prepared by dissolving the
recisely weighted portions of their solid preparations in 0.1 M
hosphate buffer solutions (PBS), pH 7.0. The concentrations of
RP and SBP stock solutions were determined by the Soret band
bsorbance (ε403 = 1.02 × 105 M−1 cm−1) [31]. Solid preparations
nd solutions of the enzymes were stored in a refrigerator at +4 ◦C.

.1.2. Substrates
Working solutions (5 mM) of DA, AD and MD were prepared

y dissolving precisely weighted portions of the solid prepara-
ions of dopamine hydrochloride, adrenaline hydrotartrate, and

ethyldopa sesquihydrate (Sigma, USA) in water. Due to their light
nstability, these solutions had to be kept in dark vessels and pre-
ared fresh daily. Stock standard solutions (5 mM) of T4 and T3 were
repared by dissolving precisely weighted portions of their solid
amples (Sigma, USA) in 0.1 M KOH. The standard solution of H2O2
9.6 M) was purchased from Merck (Germany). Working solutions
f H2O2 were prepared daily by successive dilution of the standard
olution with water.

.1.3. Other reagents

Tris(hydroxymethyl)aminomethane (Tris) (Serva, Germany),

2HPO4, KH2PO4 (Merck, Germany), imidazol, 4-(2-hydroxyethyl)-
-piperazineethanesulfonic acid (HEPES) (Sigma, USA) were used
o prepare appropriate buffer solutions according to the described
ecommendations [32]. Lidocaine hydrochloride, sucrose, lactose,
84 (2011) 710–716 711

fructose, NaCl, l-cysteine, and Na2S2O5 were purchased from Sigma
(USA).

All reagents were of analytical grade or higher and used without
further purification.

Doubly distilled water with resistibility over 18 M� cm−1 puri-
fied with a Simplicity Proto system (Millipore, France) was used for
preparing all aqueous solutions.

2.2. Apparatus

Kinetic measurements were performed using a Shimadzu
UV mini-1240A spectrophotometer (Japan, the accuracy ±0.0003
absorbance units) using a microcuvette with l = 1 cm. The pH of
aqueous solutions was measured with an accuracy ±0.005 using
a potentiometer in a pH-meter mode (Econics-Expert-001, Russia).
Reaction mixtures were thermostated using a Model Thermit ther-
mostat (Russia, ±1 ◦C precision). Micro-dosage devices produced by
Biohit (Denmark) and Eppendorf (Finland) were used for sampling.

The accuracy of the results of DA and AD determination in
real samples obtained by the enzymatic method was confirmed
using HPLC-MS as an alternative one. Chromatographic condi-
tions were as follows: Agilent-1100 chromatograph, Zorbax Eclipse
XDB-C18, 150 mm × 4.6 mm column, granulation – 5 �m, eluent:
20 mM ammonium-acetate buffer solution, pH 7.5; detector: MS-SL
– quadrupole.

2.3. Procedures

2.3.1. General procedure for the determination of catecholamines
The following components were successively placed into a plas-

tic calibrated test-tube with a stopper: a certain buffer solution with
the required pH value, solutions of the enzyme, catecholamine, and
thyroid hormone. Finally, a portion of H2O2 solution was intro-
duced. The total volume of the reaction mixture was 300 �l. At
the moment when H2O2 was added and the solutions were mixed,
the kinetic curves were registered for 2 min with 1 s interval. Blank
experiments were carried out in the absence of thyroid hormone,
because the reaction in the absence of the analyte – the enzyme
substrate – did not proceed. All the experiments were performed
at ambient temperature.

2.3.2. Pretreatment of pharmaceuticals
DA samples were quantitatively transferred from the ampoules

into a plastic test-tube. Then, a 1 ml portion of each sample was
placed into a glass test-tube and diluted up to 20.00 ml by water
with pH 5.5–6.0. AD samples were concentrated by Oasis® MCX
cartridge (Waters, USA), then quantitatively outwashed from the
cartridge by a 5% NH3 aqueous solution and 10-fold diluted. All the
procedures took not more than 15 min. In the case of MD deter-
mination one tablet of the pharmaceutical preparation containing
250 mg of MD was weighed and ground into a fine powder. The
obtained powder was quantitatively placed into a 50 ml volumet-
ric flask using 20 ml of water; the content of the flask was shaken
thoroughly for dissolving the active component of the drug, MD.
Then water insoluble components of the pharmaceutical prepara-
tion (magnesium stearate, talc, starch, ethylcellulose, and stearic
acid) were separated by a filtration using a filter paper (blue tape).
The obtained solution of MD was diluted to 40.0 ml by water and
mixed well. The procedures of analysis were carried out imme-
diately in order to avoid the oxidation of catecholamines in the
air.
2.3.3. Procedure of DA (AD, MD) determination in the model
solutions

Firstly, a 490 (550, 560) �l portion of 0.1 M PBS, pH 5.0 (8.6
or 7.0), a 40 (10, 5) �l portion of 9 �M HRP solution, a 10 �l
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is one of the major components of the indicator reaction, the
kinetic parameters of these reactions proceeding according to the
Michaelis–Menten mechanism were calculated. In the case of DA
oxidation the values of Vmax and kcat (kcat = Vmax/[enzyme]) [33]
Fig. 1. The scheme of DA, AD, and MD

ortion of the standard solution of each catecholamine (DA, AD,
r MD) with the concentrations 1.5, 3.0, 4.5, 6.0, 9.0, 12.0 mM
25, 50, 75, 100, 150, 200 �M in the reaction mixture), a 20
10, 5) �l portion of 1 mM T4 solution were successively placed
nto a plastic test-tube with a stopper. Finally, a 40 (20, 20) �l
ortion of 3 mM H2O2 solution was introduced. At the moment
hen H2O2 was added and the reaction solution was mixed, a

imer was turned on and the absorbance at analytical wavelengths
65 (480, 481) nm was measured at 1 s intervals for 2 min. The
alibration curves were plotted on the coordinates: the rate of
he indicator reaction, �M min−1 versus the DA (AD, MD) con-
entration, �M. The initial rate of the indicator reaction (V0,
M min−1) was calculated as V0 = �c/�t = �A/�t × 1/lε = tan ˛/lε,
here �c was an increment of the indicator substance concen-

ration at the reaction time (�t), A was the absorbance, l was the
ell length, ε was the molar absorptivity of dopamine-o-quinone
2.45 × 103 M−1 cm−1), adrenochrome (4.02 × 103 M−1 cm−1), or �-

ethyldopa-o-quinone (3.10 × 103 M−1 cm−1); tan � was the slope
f the absorbance (A) versus time (t, s) plot. The rates of DA (AD,
D) oxidation in the absence of the enzyme were 2 (6, 3) �M min−1.

hese values did not exceed 5–7% of the rates in the presence of the
nzyme (for instance, HRP) which were 45 (80, 50) �M min−1.

.3.4. Procedure of DA (AD, MD) determination in
harmaceuticals

The enzymatic determination of DA (AD, MD) in real samples
as performed using the standard addition method according to

he following procedure: a 480 (540) �l portion of a 0.1 M PBS,
H 5.0 (8.6, 7.0), a 40 (10, 5) �l portion of 9 �M HRP solution, a
2 �l portion of the analysed sample (obtained as described in Sec-
ion 2.3.2), a 20 (10, 5) �l portion of 1 mM T4 solution were placed
uccessively into a plastic test-tube with a stopper. Finally, a 40
20, 20) �l portion of 3 mM H2O2 solution was introduced. Further
xperiments were accomplished as described above.

Analogous experiments were carried out in the presence of a
ample and three standard additions: 25, 50, 75 �M of DA (AD) or
00, 150, 200 �M of MD standard solutions.

. Results and discussion

.1. Choice of the indicator reactions

The reactions of enzymatic oxidation of DA, AD, and MD by H2O2
atalysed by HRP or SBP in the presence of thyroid hormone (T4 or
3) were chosen as the indicator ones (Fig. 1).

The oxidation of catecholamines leads to the formation of the
oloured quinone-containing products of DA, AD, and MD oxida-

ion absorbing maximally at 440–485, 470–500, and 460–490 nm,
espectively. In our experiments, the analytical wavelengths for
tudying DA, AD, and MD oxidation were 465, 480, and 481 nm,
espectively. The absorption spectra of the products of AD, DA, and
D oxidation carried out under the conditions reported earlier for
ation catalysed by plant peroxidases.

AD oxidation by Klebanoff [29] (PBS, pH 7.0, concentrations: HRP –
0.8 �M, AD – 160 �M, T4 – 42 �M, H2O2 – 0.33 mM) and the kinetic
curves of these indicator reactions are presented in Fig. 2a and b,
respectively.

The data in Fig. 2a show two absorbance maxima in all
the spectra. The first maximum (403 nm) corresponds to the
absorbance of the HRP–H2O2 complex; another one – in the range
460–500 nm, refers to the absorbance of the oxidation products of
catecholamines. It should be emphasized that the addition of hor-
mones, e.g. T4 (Fig. 2b), into the indicator systems results in a 5.2,
5.0, and a 10-fold increase in the rates of DA, AD, and MD enzymatic
oxidation, respectively.

In order to choose the preferable source of a biocatalyst, which
Fig. 2. Absorbance spectra of the products after 1 min of the reaction start (a) and
kinetic curves (b) of DA (1, 1′), MD (2, 2′), and AD (3, 3′) oxidation in the absence
(1–3) and presence (1–3′) of T4, respectively (0.1 M PBS, pH 7.0; concentrations: HRP
– 600 nM, DA (AD, MD) – 100 �M, T4 – 40 �M, H2O2 –0.4 mM; blank solution – 0.1 M
PBS, pH 7.0; wavelengths for Fig. 4b – 465 (DA), 481 (MD), and 480 (AD) nm).
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Table 1
The dependence of the rate of catecholamine oxidation on the nature of the added hormone (0.1 M PBS, pH 7.0; concentrations: catecholamine – 100 �M, HRP – 600 nM;
hormone – 40 �M; H2O2 – 0.4 mM; P = 0.95, n = 4).

Catecholamine DA AD MD

Hormone T4 T3 T4 T3 T4
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The concentrations of the components were chosen so that the
reaction rate was high and it could be conveniently registered
by spectrophotometry. The resultant optimum conditions for the
determination of the catecholamines are summarized in Table 2.
�V (�M min ) 55 ± 5 20 ± 5

a �V = V − V0, where V and V0
b – the rates of the indicator reactions in the presen

b V0 for DA, AD, and MD were 6, 17, and 10 �M min−1, respectively.

ere (70 ± 5) �M min−1 and (180 ± 20) min−1 in the presence of
RP, and (45 ± 10) �M min−1 and (125 ± 10) min−1 in the presence
f SBP, respectively (P = 0.95, n = 4). The values of the maximum
ate and the catalytic constant were higher in the case of HRP as
ompared to those of SBP; therefore, the application of HRP as a
iocatalyst appeared to be preferable. The similar situation was
bserved while determining the kinetic parameters of the enzy-
atic oxidation of AD and MD by H2O2. The affinity between the

nzyme and the substrate (characterized by kcat) in all cases seemed
o be stronger in the presence of HRP. Thus, HRP was chosen as an
ptimum biocatalyst for further studies.

As the highest rates of AD oxidation by H2O2 catalysed by HRP
ad been observed previously in the presence of T4 and T3 [29],
hese hormones were used in our experiments. The data of Table 1
how that the rate of the indicator reactions in the presence of T4 is
ignificantly higher than that in the presence of T3. In the case of MD
xidation, the experiment with T3 was not performed, as its effect
n the reactions of DA and AD oxidation was minor. Therefore, it
eemed to be preferable to utilize the stimulatory effect of T4 in the
onsidered enzymatic indicator reactions for the development of
he procedures for the determination of catecholamines.

After the indicator systems based on the revealed stimulatory
ffect of T4 on HRP-catalysed oxidation of catecholamines had been
hosen, the optimum conditions of these reactions were deter-
ined.

.2. Choice of the nature and pH of the buffer solution

The proper selection of the nature and composition of a buffer
olution allows controlling the properties of the enzyme (catalytic
ctivity, stability, and substrate specificity) and the analyte [34].
ince the buffer solution usually plays an important role in enzy-
atic catalysis, the effect of PBS, Imidazol–HCl, HEPES–KOH, and

ris–HCl buffers on the catalytic activity of HRP was studied in order
o choose the appropriate buffer solution for the development of
ensitive procedures for DA, AD, and MD determination. The results
f these experiments are presented in Fig. 3a.

It has been found that the rates of the reactions of DA, AD, and
D oxidation are maximal when PBS is used (Fig. 3a). Their val-

es in other buffer solutions were about 50% of those in PBS (with
ust one exception in the case of MD oxidation in imidazol buffer
olution: its rate was 85% of that in PBS). Thus, PBS is the most
avorable for the effect of T4 on the both catecholamines oxida-
ion, because unlike the organic buffer solutions [35,36], the PBS

olecules cannot capture free radicals produced in the process of
4 transformation, which participate in DA, AD, or MD oxidation.

The data obtained while studying the dependence of the rate
f the indicator reactions on pH of the selected buffer solution are
emonstrated in Fig. 3b. Fig. 3b shows, that the optimal pH ranges
re 5.2–5.6 and 7.2–8.0 for DA, 8.0–8.8 for AD, and 6.7–7.5 for MD

xidation. So, DA is oxidized better if it is completely (pH < 5.8)
r for more than 90% protonated (pH < 8.0) in the indicator system
pKa,1 = 9.05) [37]. The rate of AD oxidation is the highest when AD is
alf-dehydrogenated (pKa,1 = 8.02; pKa,2 = 9.46) [38]. However, the
eaction rate of DA oxidation was found not to depend on DA con-
115 ± 10 35 ± 5 80 ± 10

absence of hormone, respectively.

centration in the indicator system at pH 7.2–8.0. MD is completely
oxidized when –COOH group of MD molecules is dehydrogenated
(pKa,1 = 2.3; pKa,2 = 8.7) [39]. Thus, the values of pH 5.4, 8.6, and 7.0
were chosen as the optimum values for further investigations.

It was found that the effect of a buffer concentration on the
rate of the indicator reactions was insignificant in the range of
0.05–0.4 M (the reaction rate changed up to not more than 2% of
its value in 0.1 M PBS); therefore, 0.1 M PBS was used in all further
experiments.

3.3. Choice of the concentrations of HRP, T4, and H2O2

The influence of the concentrations of HRP, T4, and H2O2 on the
rate of the indicator reactions is illustrated by Fig. 4a–c, respec-
tively.
Fig. 3. The dependence of the rates of DA (�), AD (�), and MD (�) oxidation on
the nature (a) and pH (b) of buffer solution (in the brackets – the value of pKa of a
buffer-forming compound; pH 7.0 (a); concentrations: DA (AD, MD) – 100 �M, HRP
– 600 nM; T4 – 40 �M; H2O2 – 0.4 mM; P = 0.95, n = 3 (a)).
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Table 2
The optimal conditions for carrying out the indicator reactions of DA, AD, and MD oxidation (0.1 M PBS).

Catecholamine �max (nm) pH Concentration

HRP (nM) T4 (�M) H2O2 (�M)

3
i

b
s

F
c
8
–
1
c
P

DA 465 5.4
AD 480 8.6
MD 481 7.0

.4. Mechanism of the enzymatic oxidation of the catecholamines
n the presence of T4
It is known that the enzymatic oxidation of one substrate may
e accelerated as a result of the addition of easier oxidized sub-
trate into the indicator system. This effect is associated with “the

ig. 4. The dependence of the rates of DA (1), AD (2), and MD (3) oxidation on
oncentrations of HRP (a), T4 (b), and H2O2 (c) (0.1 M PBS, pH 5.4 (1), 7.0 (2), and
.6 (3), concentrations: (a) catecholamine – 100 �M, HRP – from 15 to 700 nM, T4

40 �M, H2O2 – 0.4 mM; (b) HRP – 650 (1), 150 (2), 50 (3) nM, catecholamine –
00 �M, T4 – from 2 to 70 �M, H2O2 – 0.4 mM; (c) HRP – 650 (1), 150 (2), 50 (3) nM,
atecholamine – 100 �M, T4 – 30 (1), 15 (2), 8 (3) �M, H2O2 – from 20 to 280 �M;
= 0.95, n = 3).
650 30 250
150 15 100

50 8 100

substrate–substrate activation” and is applied for the determi-
nation of slowly oxidized substrates of HRP [30]. However, the
mechanism of the substrate–substrate activation assumes that
both substrates, taking part in the indicator reaction, are oxidized.
First, it seemed to be reasonable to explain the effect of T4 on the
oxidation of the catecholamines according to the mentioned mech-
anism. But our experiments have revealed that the molecules of
T4 are not oxidized under the optimum conditions used for car-
rying out the enzymatic reactions. No products of T4 enzymatic
oxidation are observed in the absorption spectra of the products
of the indicator reactions in 1 min after mixing their components.
Thus, the mechanism of the studied indicator processes seemed
to differ from the substrate–substrate activation. The scheme of
the proposed mechanism which is realized in the presence of T4 in
the peroxidase-catecholamine system is shown in Fig. 5. Takayama
and Nakano [35] observed the similar mechanism while studying
the reaction of reduced nicotinamide adenine dinucleotide (NADH)
oxidation catalysed by HRP in the presence of T4.

Our affirmation was confirmed by HPLC-MS analysis of vari-
ous compositions of the components of the indicator reactions.
The results are presented in Supplementary Data. Mass spectra of
the initial substances and the products of their enzymatic oxida-
tion proved that T4 molecules were not oxidized. The products of
the enzymatic oxidation of the catecholamines were found to be
identical in the presence and absence of T4. Thus, the mechanism
presented in Fig. 5 more likely characterizes the transformation
processes in the indicator reactions. Here, T4 acts as stimula-
tory agent due to the formation and accumulation of free radicals
required for the further oxidation of the catecholamines.

3.5. Enzymatic procedures for the determination of
catecholamines

The enzymatic procedures for the determination of DA and AD
in the presence of T4 were developed under the revealed optimum
conditions (Table 2). The experiments were carried out according to
the procedure described in Section 2.3.3. The analytical parameters
of the proposed procedures are summarized and compared with
those of the existing spectrophotometric procedures in Table 3.

Table 3 shows that the lower limits of DA and AD determina-
tion in the presence of T4 are 10 and 5-fold (respectively) lower,
than those in its absence. However, the procedure for MD determi-
nation is not so sensitive though its sensitivity is compared with
that for some spectrophotometric procedures (Table 3). In addi-
tion, its reproducibility is poor even at high concentrations of MD
(RSD – 21% at 100 �M, 24% at 400 �M). Nevertheless, this procedure
may be used for the determination of MD in some pharmaceutical
preparations.

It should be noted that the proposed enzymatic procedures for

the determination of DA and AD are superior to the existing spec-
trophotometric procedures in terms of sensitivity in 2 and 5 times
(Table 3), respectively. The important advantages of the proposed
procedures are their simplicity and rapidity (the analysis time does
not exceed 15 min); the equipment for analysis is also simple.
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Fig. 5. The mechanism of the oxidation of catecholamines catalysed by HRP in the presence of T4 [35].

Table 3
Analytical characteristics for DA, AD, and MD determination using the reaction of their oxidation by H2O2 catalysed by HRP and T4 and their comparing with existing enzymatic
and spectrophotometric procedures.

Reagents Analyte Applicable concentration
range (�M)

�max (nm) Remark Ref.

Enzymatic
HRP and T4 DA 0.5–300a 465 Total time of analysis is less than 15 min Our work

5–300b

AD 4–300a 480
20–250b

MD 100–400a 481
p-Chlorophenol and

4-aminoantipyrine
DA 5–50 505 Required a long period of time [27]

AD 10–45 505
Poliphenol oxidase DA 200–6000 470 I− , SO3

2− interfere seriously [40]
MD 200–6000 480

Spectrophotometric
NaIO4 and 4-aminobenzoic acid DA 1.3–113 458 Time-consumption photometric reaction [9]

MD 2.4–95 460
Diazotised sulphanilamide with

molybdate ions
DA 2.7–38.2 500 Waiting to develop colour [41]

AD 2.4–33
MD 2.4–33

Sulphanillic acid DA 4–100 475 Required a methanol solution, laborious reaction [42]
AD 5–150 475
MD 4–80 507

K2CrO4 and sulphanillic acid DA 13–72 495 Products are unstable [43]
MD 7–190 490

NBS and isoniazide DA 50–200 490 Time-consumption photometric reaction [8]
MD 10–350 480 [44]

Barbituric acid MD 50–1200 593 Heating at 100 ◦C for 20 min [45]
4-Aminoantipyrine and

[Cu(NH3)4]2+ ions
DA 310–2700 505 Laborious photometric reaction [46]

RSD, 8
M

3

o
t
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n
m
t
t
r
c
w

o
m

of DA and AD are free of interference of compounds at the level of
their concentration in pharmaceutical formulations. The pretreat-
ment and analysis of pharmaceuticals were performed according to
the procedures described in Sections 2.3.2 and 2.3.4. The results of

Table 4
Effects of the supplementary components of the pharmaceutical preparations on
the determination of 10 �M DA and AD in the presence of T4 using the proposed
enzymatic procedures.

Analyte Tolerance ratio: supplementary
component/catecholamine

Supplementary component

DA 1 × 102 NaCl
a In the presence of T4 calibration equations: y = (0.9 ± 0.1) x − (1.5 ± 0.4) for DA (
D (RSD, 25%), where, y = V0 (�M min−1); x = cDA, cAD, or cMD (�M).
b In the absence of T4.

.6. Analysis of pharmaceuticals

The developed procedures were applied for the determination
f DA and AD in some pharmaceutical formulations. Preliminarily,
he influence of other widespread components, which can occur as
dditional constituents in the pharmaceuticals containing DA and
D, on the rate of the indicator reactions was examined. It should be
oted that a single pharmaceutical formulation could not contain
ore than one catecholamine. The results are shown in Table 4. The

olerance was defined as the concentration ratio of foreign species
hat produced an error exceeding 5% in the value of the reaction
ate. In the case of MD determination in tablets all other existing

omponents of the pharmaceutical preparation were not soluble in
ater and were separated by filtration.

The additional components were found not to cause fluctuations
f the analytical signal at the level of their concentrations in phar-
aceuticals. Thus, the proposed procedures for the determination
%), y = (1.4 ± 0.2) x + (1.4 ± 0.4) for AD (RSD, 10%), and y = (0.04 ± 0.01) x + (7 ± 1) for
10 Sucrose, fructose, lactose
2 Na2S2O5, l-cysteine

AD 1 × 103 NaCl, lidocaine
10 Sucrose, fructose, lactose
2 Na2S2O5
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Table 5
The results of the determination of catecholamines in pharmaceuticals by the enzymatic and HPLC-MS methods (P = 0.95, n = 5).

Pharmaceutical (producer) Found Producer’s data

Enzymatic HPLC-MS

“Dopamine – Ferein” g
(Ferein, Russia) 4.6 ± 0.2 5.2 ± 0.5 5
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“Xylocaine 2% mit adrenaline 1:200,000”
(AstraZeneca GmbH, Germany) 5.1 ± 0.3
“Dopegyt”
(Egis, Hungary) 239 ± 13

he determination of DA, AD, and MD by the developed peroxidase-
ased procedures are given in Table 5.

Table 5 shows that the results of the determination of DA, AD,
nd MD in pharmaceuticals obtained by the enzymatic procedures
re in a good agreement with those obtained by HPLC-MS and Pro-
ucer’s data.

. Conclusions

The source of plant peroxidase isolation and the buffer solu-
ion nature were shown to play important roles in the oxidation
f the studied catecholamines. For the first time, the stimulatory
ffect of l-thyroxine was applied for the enzymatic determination
f dopamine, adrenaline and �-methyldopa. The results demon-
trate that the application of such original for biochemical methods
pproach as a stimulatory effect of hormones expands the possibil-
ties of enzymatic analysis, especially in those cases when analytes
enzyme substrates) are slowly oxidized and their oxidation prod-
cts are characterized by low absorptivity.

Such advantages of the developed enzymatic procedures as their
implicity, rapidity, and high sensitivity are attractive for their
pplication in analysis of different pharmaceutical forms (injec-
ions, tablets) containing an active component of a drug (some
atecholamine) over its concentration range of 1 �M–1 mM. The
ensitivity of the proposed enzymatic procedures is higher or com-
arable to the sensitivity of the determination of catecholamines
mploying electrochemical biosensors (with just one exception
23] where laboratory-isolated enzyme preparation was used).
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