
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Determination of catecholamines in pharmaceutical 
formulations 
 

ABSTRACT 
This review presents the data published during 
1990-2010 (161 references) dealing with the 
application of modern instrumental methods  
for analysis of catecholamine-based drugs. Such 
pharmaceuticals are widely used for the treatment 
of neuroblastoma, hypertension, bronchial asthma, 
schizophrenia, Parkinson’s disease and for the 
diagnostics of cardiac diseases. Hence, it is  
very important to control the quality of the 
catecholamine-based drugs. The present review is 
organized primarily according to analytical method 
type. Sensitivity, selectivity, precision, and other 
analytical characteristics of the developed 
procedures for the determination of natural and 
synthetic catecholamines in different pharmaceutical 
formulations are discussed. Particular attention 
has been paid to flow injection pharmaceutical 
analysis. The specific features of pretreatment of 
liquid and solid dosage forms are described. The 
problems and prospects of the chemical analysis 
of the officinal catecholamine-based drugs are 
considered. 
 
KEYWORDS: catecholamines, electrochemistry, 
spectroscopy, kinetic and biochemical methods, 
biosensors, chromatography, capillary electrophoresis, 
flow injection analysis, pharmaceutical analysis. 
 

1. INTRODUCTION 
Nowadays, frequent cases of falsification of drugs 
(when the concentration of an acting component 
of a drug does not correspond to the data indicated 
on packing) [1-2], their improper transport and 
storage have led to the necessity of the operative 
control of quality of pharmaceuticals in pharmacy 
depots and within pharmacy.  
The major problems of counterfeiting of 
pharmaceuticals [1, 2] and their improper storage 
and transportation conditions require developing 
new methods for rapid screening of their quality, 
including determination of active ingredients 
directly at warehouses and drugstores. The problem 
becomes especially challenging if counterfeited 
are such pluripotential drugs as catecholamines 
(CAs), which actively participate in the nervous 
activity of humans. Catecholamine-based drugs 
are widely used for the treatment of neuro-
blastoma, hypertension, bronchial asthma, anorexia, 
schizophrenia, Parkinson’s disease and for the 
diagnostics of cardiac diseases [3-5]. Moreover, 
sportsmen are known to receive some CA-
containing pharmaceuticals or food supplements 
as energy stimulators [6]. 
The aspects of the determination of CAs and their 
metabolites in biological liquids (blood, urine, 
cerebral- and amniotic-fluids) for timely diagnosis 
of the mentioned diseases are described in detail 
in the reviews and articles prepared by Tsunoda 
[7] (2006), Nicolajsen [8] (2001), Dziedzic [9], 
and Jacob [10] (1982). Methods of CA determination 
in pharmaceuticals were mentioned in reviews
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the benzene ring. The structural formulae of 
CAs (dopamine (DA), adrenaline (epinephrine) 
(AD), noradrenaline (norepinephrine) (NAD), 
α-methyldopa (MD), levodopa (L-dopa) (LD), 
carbidopa (CD), dobutamine (DB), isoprenaline 
(isoproterenol in some papers) (IPA)), which 
usually may be found in drugs and mentioned in 
this review, are presented in Fig. 1. 
It should be noted that the components of officinal 
drugs are the salts (hydrochlorides or tartrates) of 
CAs (Fig. 1). They are readily soluble in water 
and hardly soluble in esters and chloroform. In 
contrast, initial CAs, being phenolic compounds, 
are soluble in alkaline solutions but poorly soluble 
in water. Further in the text, the term “CAs” 
implies their water-soluble salts.  
The freshly prepared aqueous solutions of CAs 
are colorless; they absorb in the UV region of 
spectrum (Table 1). The UV and infrared spectra 
are widely used for the identification of CAs in 
simple pharmaceutical forms, for instance in 
injections.  
As a rule, catecholamine-based drugs are liquid 
(injection) or solid (tablet, capsule, and powder) 
dosage forms. Aeriform preparations (aerosol, 
spray) contain generally AD or IPA and occur 
rather rarely (Table 1). No mull pharmaceutical 
formulations (creams, gels, and etc.) have been 
found. Injections, aerosols, or sprays are the 
 

devoted to the application of flow injection 
methods (Solich [11, 12], 2001 and Evgen'ev [13], 
2001) and electrochemical biosensors (Gil [14], 
2010) in pharmaceutical analysis. A recent review 
(Perry [15], 2009) dealing with the methods of 
the determination of neurotransmitters has not 
provided enough details. No special review 
considering the methods for the determination of 
CAs in officinal drugs has been found. The goal 
of this paper is to present an overview of the 
numerous procedures proposed for the determination 
of CAs in pharmaceuticals and thus complement 
and update the information provided earlier in the 
sources cited above [7-15]. In our opinion, it is 
desirable to estimate critically the main features 
and application of the methods concerning 
this issue. We will restrict ourselves to the 
consideration of the papers concerning modern 
instrumental methods of quantitative analysis of 
catecholamine-based drugs in different dosage 
forms that were published between 1990 and 
2010. We hope that this review will contribute to 
the better understanding of the current status of 
analytical methods for the determination of CAs 
in pharmaceuticals. 
 
2. General information on catecholamines and 
catecholamine-based drugs 
CAs are known to be derivatives of catechol 
containing an amino group in a radical bound to
 
 
 

Fig. 1. The structural formulae of CAs mentioned in the review. 
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analytical assays. Innovative procedures of 
analysis of pharmaceuticals should combine 
sensitivity, selectivity, and precision with 
simplicity, rapidity, low cost, and possibilities of 
automation [11-14]. The listed requirements to 
procedures of pharmaceutical analysis along with 
the significant biological role of DA and its 
derivatives have initiated many studies devoted to 
the development of novel procedures for the 
determination of CAs. The procedures described 
in scientific literature have been summarized and 
characterized according to the type of a method.  
Fig. 2 shows a diagram, which illustrates the 
distribution of the publications considering the 
use of different procedures of analysis of 
catecholamine-based drugs by the type of the 
analytical method. This diagram demonstrates that 
electrochemistry and spectroscopy are the most 
widely used methods for the determination of CAs 
in pharmaceutical formulations. Both groups of 
the methods have been successfully applied for 
the detection of CAs by FIA procedures, the 
fraction of which is rather high among the 
reviewed methods (Fig. 2). Other instrumental 
methods have been applied less frequently. Before 
the discussion of the groups of methods presented 
in Fig. 2, some aspects of a pretreatment of the 
different pharmaceutical forms should be 
considered. 

3.1. Pretreatment 
In the case of injections, the content of one or 
several ampoules (depending on the concentration
  

 
 
 
 
 
 
 
 
 
 
 
 
 
solutions of CAs in certain acids (in most cases, 
HCl or H2SO4). Powders or capsules contain the 
active pharmaceutical ingredients, which should 
be dissolved in the mentioned acids before the 
analysis. In addition to CA, tablets contain 
excipients such as starch, talc, magnesium 
stearate, stearic acid, ethyl cellulose, etc. Here it 
should be mentioned that except for LD, MD, and 
CD-based tablets, pharmaceutical formulations 
usually contain only one CA. 
The analysis of some databases (see 
http://scopus.com, http://sciencedirect.com) has 
shown that the percents of the publications 
devoted to the analysis of liquid and solid forms 
containing CAs are 78% and 22% of the total 
number of the published data, respectively. 
Depending on a pharmaceutical formulation, the 
concentrations of CAs may vary in a rather wide 
range (1 µM - 1 mM). Thus, it is preferable to use 
such analytical procedures that can provide the 
determination of CAs in as many pharmaceutical 
forms as possible. 
 
3. Instrumental methods of analysis of 
catecholamine-based drugs 
European and US Pharmacopeias (and Russian 
Pharmacopeia as well) recommend determining 
concentrations of CAs in pharmaceuticals by 
potentiometric titration with HClO4 in anhydrous 
formic or acetic acid medium containing acetic 
anhydride [21, 22]. Nowadays, more and more 
strict regulations related to the quality control of 
pharmaceuticals lead to increasing demands on
 

Table 1. The molar absorptivity of the solutions of CAs (ε, М-1·cm-1) at the wavelengths of their 
maximum absorbance 

CA Medium ε·10-3 (λmax, nm) Typical commercial            
pharmaceutical form 

DA 0.05 М H2SO4 2.037 (279.5) [16] Injection 

AD 0.01 М HCl 2.75 (280) [16] Injection, aerosol, spray 

NAD 0.01 М HCl 2.6 (279) [17] Injection 

MD H2O 2.79 (280) [18] Tablet, powder 

LD 0.001 M HCl 2.63 (280) [19] Tablet, capsule 

DB  CH3OH 4.77 (280) [20] Tablet, powder 

IPA No data No data Tablet, aerosol, spray 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

54 Alexey E. Poliakov et al.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
were used as modifiers of the indicator electrode 
surface although GC electrode demonstrated high 
response to an analyte without any modification 
[23-25]. Usually, the electrodes are modified with 
some polymers in the absence [26, 30, 31, 33, 35, 
36, 40, 56] or in the presence [27-29, 38] of a 
subsidiary component (for instance, metal nano-
particles, hematoxylin). Such modified electrodes 
are stable for a long time (up to 60 days) and may 
be applied for several determinations of CAs 
without loss of the signal intensity, but it is 
necessary to perform the regeneration of the 
electrode surface. The procedures employing 
cysteamine with gold nanoparticles [34], 
β-cyclodextrine [45], and TiO2 film [54] for an 
electrode’s modification differed from that 
mentioned above by better analytical characteristics 
and easy techniques for the indicator electrode 
preparation. Unfortunately, it is impossible to 
make a correct estimation of the advantages of the 
application of nanomaterials (Pt, Au, or Fe nano-
particles, MWCNT, SWCNT, Au-carbon nanotubes) 
[27, 28, 34, 37, 38, 42, 46, 48] and hydrophobic 
ionic liquids (imidazolium-, phosphonium-, or 
pyridinium-based [43, 47]) as the modifiers of the 
electrode surface because the authors have not 
compared the analytical characteristics of the 
procedures obtained using modified and non-
modified electrodes.  
Voltammetric techniques for the determination of 
CAs in drugs [34, 50, 54] are the most sensitive 
electrochemical procedures. However, to achieve 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
of CA in a sample) is transferred carefully into a 
volumetric flask, diluted to a certain volume by 
water, and thoroughly mixed. Analyzed tablets are 
weighed and ground into fine powder. A precisely 
weighed portion of the resultant powder (or the 
whole portion of the powdered sample) is 
dissolved in water, shaken thoroughly for a 
certain time to ensure the dissolution of CA, 
filtered to a calibrated flask, and subjected to the 
procedures described below for injections. 
Powders are often dissolved in certain inorganic 
acids and then are added to the reaction mixture. 
Aerosols (sprays) are diluted in appropriate 
solvents. The obtained solutions of samples are 
stored in tightly closed vessels before the analysis. 
Direct contact with light should be avoided. 

3.2. Electrochemical methods  
Since CAs are electroactive compounds, 
electrochemical methods are often applied for 
their determination (Fig. 2). The reported 
electrochemical procedures for the analysis of 
catecholamine-based drugs are systematized in 
Table 2.  
The data of Table 2 show that the methods of CV 
and DPVA are more frequently used for the 
determination of CAs. The analysis of drugs is 
based on the redox properties of CAs resulting 
from the presence of quinone groups in the 
chemical structures of their molecules (Fig. 1). 
GC electrode is widely applied as an indicator 
electrode. Various inorganic and organic compounds
  

Fig. 2. Statistics of the use of different instrumental methods in the analysis of officinal catecholamine-based 
drugs (numbers in parentheses correspond to the percentage of data published between 1990 and 2010). 



                            
 

Determination of catecholamines in pharmaceutical formulations          55 
T

ab
le

 2
. T

he
 a

na
ly

tic
al

 c
ha

ra
ct

er
is

tic
s o

f t
he

 e
le

ct
ro

ch
em

ic
al

 p
ro

ce
du

re
s f

or
 th

e 
de

te
rm

in
at

io
n 

of
 C

A
s i

n 
in

je
ct

io
ns

 

T
yp

e 
of

 
el

ec
tr

od
e 

M
et

ho
d 

M
od

ifi
ca

tio
n 

ag
en

t 
A

na
ly

te
 

A
C

R
, µ

M
 

In
te

rf
er

en
ts

 (t
ol

er
an

ce
 r

at
io

), 
R

SD
 

R
ef

. 

V
ol

ta
m

m
et

ric
 

C
V

A
 

N
on

e 
D

A
 

A
D

 
65

 - 
54

00
 

16
 - 

11
00

 
N

o 
in

te
rf

er
en

ts
 w

er
e 

st
ud

ie
d;

 R
SD

 - 
1-

3%
 

[2
3]

 

D
PV

A
 

N
on

e 
LD

* 
C

D
* 

11
0 

- 1
30

0 
31

 - 
47

0 
M

ul
tiv

ar
ia

te
 c

al
ib

ra
tio

n 
is

 n
ec

es
sa

ry
 fo

r t
he

 d
et

er
m

in
at

io
n;

 
R

SD
 - 

2.
5%

 (L
D

) a
nd

 3
.4

%
 (C

D
) 

[2
4]

 

D
PV

A
 

N
on

e 
IP

A
  

10
 - 

10
00

0 

G
lu

co
se

, Z
n2+

, M
g2+

, a
nd

 H
g2+

 io
ns

 in
te

rf
er

e,
 C

a2+
,  

   
  

C
d2+

, C
o2+

, N
i2+

, P
b2+

, f
ru

ct
os

e,
 a

nd
 m

ag
ne

si
um

   
   

   
   

 
st

ea
ra

te
 d

o 
no

t i
nt

er
fe

re
;  

R
SD

 - 
1.

2%
 

[2
5]

 

D
PV

A
 

PA
A

D
 

D
A

 
1 

- 1
00

 
A

sc
or

bi
c 

an
d 

ur
ic

 a
ci

ds
 a

nd
 a

de
ni

ne
 d

o 
no

t i
nt

er
fe

re
;  

   
   

   
R

SD
 - 

3.
5%

 
[2

6]
 

C
V

A
 

D
PV

A
 

N
an

os
tru

ct
ur

ed
 P

t  
   

  
an

d 
N

af
io

n 
D

A
  

3 
- 6

0 
N

o 
in

te
rf

er
en

ts
 w

er
e 

st
ud

ie
d;

 R
SD

 - 
4.

5%
 

[2
7]

 

D
PV

A
 

N
af

io
n an

d 
na

no
pa

rti
cl

es
 

of
 F

e(
II

I)
 w

ith
 c

hi
to

sa
n 

D
A

 
2 

- 6
0 

D
B

, u
ric

, a
sc

or
bi

c 
an

d 
ci

tri
c 

ac
id

s d
o 

no
t i

nt
er

fe
re

; 
R

SD
 - 

2.
2%

 
[2

8]
 

D
PV

A
 

M
ix

tu
re

 o
f c

hi
to

sa
n 

an
d 

C
PB

 
D

A
 

40
 - 

50
00

 
A

sc
or

bi
c 

ac
id

 in
te

rf
er

es
; R

SD
 - 

2.
6%

 
[2

9]
 

C
V

A
 

Po
ly

(c
af

fe
ic

 a
ci

d)
 fi

lm
 

A
D

  
2 

- 3
00

 
D

A
, a

sc
or

bi
c 

ac
id

 (2
), 

C
a2+

 io
ns

, u
ric

 a
ci

d 
(5

) i
nt

er
fe

re
; 

R
SD

 - 
2.

9-
3.

2%
 

[3
0]

 

D
PV

A
 

PE
PA

 n
an

of
ib

er
s 

N
A

D
  

0.
3 

- 1
0 

D
A

, A
D

, a
sc

or
bi

c 
an

d 
ur

ic
 a

ci
ds

 d
o 

no
t i

nt
er

fe
re

; R
SD

 - 
2%

 
[3

1]
 

C
V

A
 

V
al

in
e 

A
D

  
4.

6 
- 1

0 
10

 - 
14

0 
 

K
+ , N

a+ , C
a2+

, N
H

4+ , M
g2+

, C
l- , β

-a
la

ni
ne

 (1
00

); 
gl

uc
os

e,
 

ta
rtr

ic
 a

ci
d 

(1
0)

 d
o 

no
t i

nt
er

fe
re

; R
SD

 - 
3%

 
[3

2]
 

C
V

, 
D

PV
A

 
PA

SA
 

D
A

  
0.

1 
- 1

00
  

A
sc

or
bi

c 
ac

id
 d

oe
s n

ot
 in

te
rf

er
e;

 R
SD

 - 
2.

5-
3.

0%
 

[3
3]

 

C
V

A
 

C
ys

te
am

in
e 

+ 
   

   
   

   
   

   
 

A
u 

na
no

pa
rti

cl
es

 
D

A
  

0.
01

 - 
25

 
K

N
O

3, 
N

aC
l, 

M
g2+

, S
O

42-
, C

O
32-

 (1
00

0)
, N

H
4B

r (
50

0)
, u

ric
 

ac
id

 (2
00

) d
o 

no
t i

nt
er

fe
re

; R
SD

 - 
2.

8%
 

[3
4]

 

C
V

A
, 

D
PV

A
 

PX
SP

 
A

D
  

2 
- 3

90
 

Zn
2+

, C
a2+

, M
g2+

, g
lu

co
se

, f
ru

ct
os

e,
 c

ar
bo

na
te

, a
nd

 st
ar

ch
 

do
 n

ot
 in

te
rf

er
e;

 a
sp

iri
n,

 m
et

hi
on

in
e,

 c
ys

te
in

e,
 c

itr
ic

 a
ci

d 
an

d 
C

u2+
 in

te
rf

er
e;

 R
SD

 - 
2.

3%
 

[3
5]

 

D
PV

A
 

Po
ly

ta
ur

in
e 

D
A

  
A

D
  

1 
- 8

00
 

2 
- 6

00
 

N
a+ , K

+ , C
l-  (5

00
); 

gl
uc

os
e,

 ly
si

ne
, c

ys
tin

e,
 g

ly
ci

n,
 c

itr
ic

 
ac

id
, h

ip
pu

ric
 a

ci
d 

(1
00

) d
o 

no
t i

nt
er

fe
re

; R
SD

 - 
1.

2-
2.

1%
 

(D
A

) a
nd

 2
.2

-2
.8

%
 (A

D
) 

[3
6]

 

G
la

ss
y 

ca
rb

on
 

D
PV

A
 

M
W

C
N

T 
D

A
  

3 
- 2

00
 

N
A

D
H

, a
sc

or
bi

c 
an

d 
ur

ic
 a

ci
d 

do
 n

ot
 in

te
rf

er
e;

 R
SD

 - 
1.

7%
 

[3
7]

 

 
D

PV
A

 
H

em
at

ox
yl

in
 +

 M
W

C
N

T 
A

D
  

0.
2 

- 8
0 

80
 - 

32
0 

A
sc

or
bi

c 
an

d 
ur

ic
 a

ci
ds

 d
o 

no
t i

nt
er

fe
re

; R
SD

 - 
3%

 
[3

8]
 

 



 
                           

 

56 Alexey E. Poliakov et al. 
Ta

bl
e 

2 
co

nt
in

ue
d.

. D
PV

A
 

El
ec

tro
ch

em
ic

al
ly

 
pr

et
re

at
ed

 
A

D
  

1 
- 4

0 
K

C
l (

10
00

), 
N

H
4+  (3

00
), 

M
g2+

 (1
00

) i
on

s, 
gl

yc
in

e 
(3

0)
,  

   
   

 
L-

ly
si

ne
 (2

5)
, L

-a
sp

ar
gi

ne
, g

lu
co

se
, g

lu
ta

m
ic

 a
ci

d 
(1

5)
, 

fr
uc

to
se

, a
sc

or
bi

c 
ac

id
 (5

) d
o 

no
t i

nt
er

fe
re

; R
SD

 - 
2.

3%
 

[3
9]

 

D
PV

A
 

C
D

D
A

 
D

A
 

5 
- 2

80
 

Zn
2+

, C
a2+

, M
g2+

 io
ns

, g
lu

co
se

, f
ru

ct
os

e,
 c

ar
bo

na
te

, s
ta

rc
h,

 
ox

al
at

e,
 ly

si
ne

, u
re

a,
 a

sc
or

bi
c,

 c
itr

ic
 a

nd
 u

ric
 a

ci
ds

 d
o 

no
t 

in
te

rf
er

e;
 a

sp
iri

n,
 c

ys
te

in
e,

 C
u2+

 io
ns

, t
yr

os
in

e 
in

te
rf

er
e;

 
R

SD
 - 

5%
 

[4
0]

 
 

C
V

A
 

O
sO

-R
uC

N
 fi

lm
 

D
A

  
A

D
  

N
A

D
  

0.
5 

- 1
00

0 
1 

- 1
00

0 
1 

- 1
00

0 

C
hl

or
id

e 
an

d 
ta

rtr
at

e 
io

ns
 d

o 
no

t i
nt

er
fe

re
; 

R
SD

 - 
2%

 (D
A

), 
4%

 (A
D

), 
an

d 
5%

 (N
A

D
) 

[4
1]

 

C
V

A
 

G
ol

d 
na

no
pa

rti
cl

es
 

LD
* 

10
0 

- 1
20

0 
R

SD
 - 

4%
 

[4
2]

 

Pr
in

t-s
cr

ee
n 

C
V

A
 

Io
ni

c 
liq

ui
d 

D
A

  
A

D
  

D
B

  

3.
9 

- 1
00

 
0.

29
 - 

10
0 

0.
17

 - 
10

0 

A
sc

or
bi

c 
ac

id
 d

oe
s n

ot
 in

te
rf

er
e;

 
Sh

or
t l

iv
in

g-
tim

e 
of

 e
le

ct
ro

de
;  

R
SD

 - 
1.

5%
 

[4
3]

 

C
V

A
 

N
on

e 
D

A
  

A
D

  
65

 - 
16

00
 

22
 - 

18
00

 
N

o 
in

te
rf

er
en

ts
 w

er
e 

st
ud

ie
d;

 
R

SD
 - 

1-
4%

 
[2

3]
 

D
PV

A
 

SD
S 

 
D

A
  

10
 - 

20
0 

A
sc

or
bi

c 
ac

id
 d

oe
s n

ot
 in

te
rf

er
e;

 R
SD

 - 
2.

5%
 

[4
4]

 

C
V

A
, 

A
dD

PV
A

 
β-

C
yc

lo
de

xt
rin

e 
D

A
  

A
D

  
N

A
D

  

0.
5 

- 5
00

 
1 

- 5
00

 
2.

3 
- 5

00
 

A
sc

or
bi

c 
an

d 
ur

ic
 a

ci
d,

 K
2S

O
4, 

K
C

l, 
K

B
r d

o 
no

t i
nt

er
fe

re
; 

R
SD

 - 
1.

8%
 (D

A
), 

0.
9%

 (A
D

), 
an

d 
3.

9%
 (N

A
D

)  
[4

5]
 

G
ra

ph
ite

 

D
PV

A
 

A
u-

ca
rb

on
 n

an
ot

ub
e 

LD
**

 
0.

1 
- 1

50
 

G
lu

co
se

, u
re

a 
(1

00
), 

an
d 

N
O

3− , C
l− , P

O
43−

, S
O

42−
, N

H
4+ , 

K
+ , N

a+ , M
g2+

, C
a2+

 (1
00

0)
 io

ns
 d

o 
no

t i
nt

er
fe

re
;  

   
   

   
   

   
 

R
SD

 - 
1.

53
-1

.8
4%

 
[4

6]
 

C
V

A
 

N
-b

ut
yl

py
rid

in
iu

m
 

he
xa

flu
or

op
ho

sp
ha

te
 

D
A

 
1 

- 8
00

 
C

a2+
 (0

.2
) i

on
s i

nt
er

fe
re

, K
+ , C

l- , Z
n2+

 (0
.2

) i
on

s, 
   

   
   

   
   

   
 

L-
cy

st
ei

ne
 (1

.7
), 

gl
uc

os
e 

an
d 

ci
tri

c 
ac

id
 (1

) d
o 

no
t i

nt
er

fe
re

; 
R

SD
 - 

3.
46

%
 

[4
7]

 

D
PV

A
 

M
W

C
N

T 
D

A
 

0.
5 

- 1
00

  
A

sc
or

bi
c 

an
d 

ur
ic

 a
ci

ds
 d

o 
no

t i
nt

er
fe

re
; R

SD
 - 

1.
9%

 
[4

8]
 

D
PV

A
 

C
TA

B
 

A
D

  
10

 - 
27

0 
A

sc
or

bi
c 

(4
0)

 a
nd

 u
ric

 (5
0)

 a
ci

d 
do

 n
ot

 in
te

rf
er

e;
 R

SD
 - 

6%
 

[4
9]

 

D
PV

A
 

Zi
rc

on
iu

m
 p

ho
sp

ha
te

d 
am

or
ph

ou
s s

ili
ca

 g
el

 
D

A
 

0.
04

 - 
50

 
50

 - 
40

0 

M
g2+

, N
a+  (5

00
), 

C
a2+

, K
+  (3

00
), 

ac
et

ic
 a

ci
d,

 g
lu

co
se

, 
ph

en
yl

 a
la

ni
ne

 (2
00

), 
gl

ut
am

ic
 a

ci
d,

 ta
rta

ric
 a

ci
d,

 5
-

hy
dr

ox
yt

ry
pt

am
in

e 
(1

00
), 

gl
yc

in
e 

(5
0)

, p
he

ny
la

ce
tic

 a
ci

d 
(2

5)
, d

ih
yd

ro
xy

ph
en

yl
ac

et
ic

 a
ci

d,
 c

ys
te

in
e 

(1
0)

 d
o 

no
t 

in
te

rf
er

e;
 R

SD
 - 

4.
55

%
 

[5
0]

 

C
ar

bo
n-

pa
st

e 
(c

er
am

ic
) 

SW
V

A
 

M
et

hy
ltr

im
et

ho
xy

si
la

ne
 

D
A

 
A

D
  

0.
5 

- 2
0 

 
5 

- 1
00

 
A

sc
or

bi
c 

an
d 

ur
ic

 a
ci

ds
 d

o 
no

t i
nt

er
fe

re
; R

SD
 - 

2.
4%

 (D
A

) 
an

d 
2.

8%
 (A

D
) 

[5
1]

 

 



 
Determination of catecholamines in pharmaceutical formulations          57 

 
Ta

bl
e 

2 
co

nt
in

ue
d.

. 

 
D

PV
A

 
Tr

iio
di

de
 io

ns
 

im
m

ob
ili

ze
d 

in
 a

n 
an

io
n-

ex
ch

an
ge

 re
si

n 
A

D
 

20
 - 

31
0 

A
 2

0%
 d

ec
re

as
e 

of
 th

e 
in

iti
al

 a
na

ly
tic

al
 si

gn
al

 w
as

 o
bs

er
ve

d 
on

ly
 a

fte
r 3

00
-4

00
 d

et
er

m
in

at
io

ns
; R

SD
 - 

2.
6%

 
[5

2]
 

G
ol

d 
C

V
A

 
N

-a
ce

ty
lc

ys
te

in
e 

D
A

 
1 

- 2
00

 
A

sc
or

bi
c 

ac
id

 d
oe

s n
ot

 in
te

rf
er

e;
 R

SD
 - 

3.
9%

 
[5

3]
 

Si
 e

le
ct

ro
de

 
D

PV
A

 
Ti

O
2 n

an
os

tru
ct

ur
ed

 fi
lm

 
D

A
 

A
D

 
N

A
 

0.
01

 - 
10

0 
0.

03
 - 

10
0 

0.
05

 - 
10

0 
R

SD
 –

 1
%

 (D
A

), 
2%

 (A
D

), 
4%

 (N
A

D
) 

[5
4]

 

A
m

pe
ro

m
et

ric
 

Pr
in

t-s
cr

ee
n 

A
M

 
Ir

id
iu

m
 o

xi
de

 (I
II

) f
ilm

 
D

A
 

A
D

 
0.

1 
- 7

0 
0.

1 
- 1

5 
U

ric
 a

ci
d 

(1
00

0)
 d

oe
s n

ot
 in

te
rf

er
e;

 
R

SD
 - 

2.
5%

 (D
A

) a
nd

 4
%

 (A
D

) 
[5

5]
 

A
M

 
PA

M
T 

D
A

 
0.

02
 - 

1.
56

  
A

sc
or

bi
c 

ac
id

 a
nd

 se
ro

to
ni

n 
do

 n
ot

 in
te

rf
er

e;
 R

SD
 - 

2.
4%

 
[5

6]
 

C
ar

bo
n 

pa
st

e 
(c

er
am

ic
) 

A
M

 
M

PS
 +

 C
u(

N
O

3)
2 

D
A

 
7.

3 
- 2

20
0 

A
sc

or
bi

c 
ac

id
 d

oe
s n

ot
 in

te
rf

er
e;

 R
SD

 - 
4.

0%
 

[5
7]

 

G
la

ss
y-

ca
rb

on
 

C
hA

M
 

PX
SP

 
A

 
2 

- 3
90

 
Zn

2+
, C

a2+
, M

g2+
, g

lu
co

se
, f

ru
ct

os
e,

 c
ar

bo
na

te
, a

nd
 st

ar
ch

 
do

 n
ot

 in
te

rf
er

e;
 a

sp
iri

n,
 m

et
hi

on
in

e,
 c

ys
te

in
e,

 c
itr

ic
 a

ci
d 

an
d 

C
u2+

 in
te

rf
er

e;
 R

SD
 - 

2.
6%

 
[3

5]
 

G
ol

d 
C

hA
M

 
L-

cy
st

ei
ne

 
D

A
 

0.
1 

- 1
5 

40
 - 

11
00

 
N

a+ , K
+ , C

l-  (1
50

), 
de

xt
ro

se
, c

itr
ic

 a
ci

d 
(1

00
), 

ur
ic

 a
ci

d 
(8

0)
 

do
 n

ot
 in

te
rf

er
e;

 R
SD

 - 
2.

3%
 

[5
8]

 

Po
te

nt
io

m
et

ric
 

PM
 T

ef
lo

n 
cy

lin
dr

ic
al

 
PM

 
TP

B
 m

em
br

an
e 

D
A

 
A

D
 

D
B

* 

10
0 

- 1
00

00
 

57
00

- 5
×1

05  
50

 - 
10

00
0 

M
g2+

, C
a2+

, L
i+ , N

a+ , K
+  d

o 
no

t i
nt

er
fe

re
; C

s+ ,  
   

   
   

   
   

   
 

N
H

4+  io
ns

 in
te

rf
er

e;
 

R
SD

 - 
3.

4%
 (D

A
), 

4.
1%

 (A
D

), 
an

d 
4.

0%
 (D

B
) 

[5
9]

 

C
ou

lo
m

et
ric

 
C

M
 

El
ec

tro
ge

ne
ra

te
d 

ha
lo

ge
n 

C
M

 
C

l 2,
 B

r 2
, I

2 
D

A
 

A
D

  
- 

R
SD

 - 
1%

 
[2

3]
 

* 
- 

an
al

ys
is

 o
f 

a 
ta

bl
et

, 
**

 -
 a

na
ly

si
s 

of
 a

 c
ap

su
le

, 
A

C
R

 -
 a

pp
lic

ab
le

 c
on

ce
nt

ra
tio

n 
ra

ng
e;

 C
V

A
 -

 c
yc

lic
 v

ol
ta

m
m

et
ry

, 
D

PV
A

 -
 d

iff
er

en
tia

l 
pu

ls
e 

vo
lta

m
m

et
ry

, 
A

dD
PV

A
 -

 a
ds

or
pt

iv
e 

di
ff

er
en

tia
l p

ul
se

 v
ol

ta
m

m
et

ry
, S

W
V

A
 -

 s
qu

ar
e 

w
av

e 
vo

lta
m

m
et

ry
, A

M
 -

 a
m

pe
ro

m
et

ry
, C

hA
M

 -
 c

hr
on

oa
m

pe
ro

m
et

ry
, P

M
 -

 p
ot

en
tio

m
et

ry
,  

C
M

 - 
co

ul
om

et
ry

; P
A

A
D

 - 
po

ly
-4

-a
m

in
o-

1-
1'

-a
zo

be
nz

yl
-3

,4
'-d

is
ul

fo
na

te
 a

ci
d,

 C
PB

 - 
ce

ty
lp

yr
id

in
iu

m
 b

ro
m

id
e;

 P
EP

A
 - 

po
ly

-e
th

yl
en

ed
io

xy
py

rr
ol

e 
di

ca
rb

ox
yl

ic
 a

ci
d,

 
PA

SA
 -

 p
ol

y-
p-

am
in

ob
en

ze
ne

 s
ul

fo
ni

c 
ac

id
, 

PX
SP

 -
 p

ol
y-

p-
xy

le
no

ls
ul

fo
ne

ph
th

al
ei

n,
 M

W
C

N
T 

- 
m

ul
ti-

w
al

l 
ca

rb
on

 n
an

ot
ub

es
, 

C
D

D
A

 -
 p

ol
y-

3-
(5

-c
hl

or
o-

2-
hy

dr
ox

yp
he

ny
la

zo
)-

4,
5-

di
hy

dr
ox

yn
ap

ht
ha

le
ne

-2
,7

-d
is

ul
fo

ni
c 

ac
id

, S
D

S 
- s

od
iu

m
 d

od
ec

yl
su

lfa
te

, C
TA

B
 - 

ce
ty

ltr
im

et
hy

l a
m

m
on

iu
m

 b
ro

m
id

e,
 P

A
M

T 
- p

ol
y-

2-
am

in
o-

5-
m

er
ca

pt
o-

th
ia

di
az

ol
e,

 M
PS

 - 
(3

-m
er

ca
pt

op
ro

py
l)t

rim
et

ho
xy

si
la

ne
, T

PB
 - 

3-
(4

-to
ly

la
zo

)p
he

ny
lb

or
on

ic
 a

ci
d.

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

58 Alexey E. Poliakov et al.

requires a long time for the formation of the 
photometric compounds. The application of 
sulphanillic acid [67, 70] allowed increasing the 
absorptivity of the obtained quinodes. However, 
the maximal values of molar absorptivity were 
observed in the system Fe(III) - o-phenantroline 
for MD, LD, and CD. Molar absorptivity of the 
majority of the colored species used in spectro-
photometric procedures lies in the range n⋅104 - 
1.3⋅105 М-1·cm-1 at the wavelengths of maximum 
absorbance. The most selective procedures are 
based on the application of complex formation 
photometric reactions (Table 3). 
It is to be noted that the majority of spectro-
photometric procedures (Table 3) provides the 
same results as the pharmacopeia-recommended 
methods, their precision being comparable as 
well. The values of RSD of the results obtained 
using spectrophotometric procedures do not 
exceed 5.2%. 

3.3.2. Luminescent methods 

Luminescent procedures for CAs determination 
presented in the literature may be divided into 
three groups. The first group of procedures 
employs native fluorescent signal of CAs. Wang 
et al. [79] developed a fluorescent procedure for 
DA determination in the presence of methanol 
which enhanced the intensity of a signal. The 
applicable concentration range (ACR) of DA was 
0.4 - 230 µM. Such ions as Na+, K+, SO4

2-, HPO4
2-, 

PO4
3- (1000-fold molar excesses), Zn2+, Al3+ 

(50-fold molar excesses), and Pb2+ (40-fold molar 
excesses) did not interfere with the analysis; 
ions Ca2+, Mg2+ (20-fold molar excesses) and 
especially Cu2+, Hg2+ (5-fold molar excesses) 
resulted in less error of DA determination. RSD of 
the results of the determination of 150 µM DA in 
an injection was 5%. Kim et al. [80] applied 
synchronous fluorescence for the determination of 
0.1 - 10 µM of LD (RSD ≤ 1.8%) and CD (RSD ≤ 
2.4%) in tablets. Use of ∆λ scan mode (where 
∆λ = λem - λex) enables the determination of the 
individual concentration of each CA in their 
mixture. At ∆λ = 30 nm (a signal was observed at 
288 nm), only CD provided a detectable signal 
that was independent on the presence of LD, 
while the signal of LD was not influenced by the 
presence of CD when ∆λ = 65 nm was used (a 
signal was observed at 281 nm).  

high sensitivity of the determination, it is 
necessary to use special apparatus permitting 
measurement of nanoampere currents. The 
selectivity of the determination of CAs has been 
studied in all considered electrochemical procedures. 
However, in most papers, the reasons for selecting 
one or another interfering compound were not 
discussed. At the same time, the interference of 
such typical subsidiary components as chloride, 
carbonate, tartrate, sulfite, and metabisulfite ions, 
and amino acids has been studied only by a few 
authors [32, 35, 40, 50].  
All the electrochemical procedures except those 
described in the articles [24, 42, 46, 59] have been 
developed for the determination of CA in 
injections. Generally, RSD of the results of 
the determination of CAs in pharmaceutical 
formulations does not exceed 6% (Table 2).  

3.3. Spectroscopic methods 

3.3.1. Spectrophotometric methods 

Due to its simplicity, sensitivity, selectivity and 
cost efficiency, spectrophotometry is still widely 
used in pharmaceutical analysis including the 
assay of CAs (Table 3). Spectrophotometric 
procedures are based on redox [60-63], oxidative-
coupling [64-68], diazocoupling [69, 70], binary-
complex formation [71-76], and ion-pair complex 
formation [77, 78] photometric reactions (Table 3). 
The procedures based on redox reactions 
involving CAs [60-63] are least sensitive; 
nevertheless, they are the most simple and rapid 
ones. Application of the native enzyme, polyphenol 
oxidase (PPO), in such type of photometric 
reactions, does not provide the increase in the 
sensitivity and selectivity of the determination of 
DA and MD [63].  
On the whole, products obtained as a result of 
other photometric reactions are characterized by 
better absorptivity than the initial CAs (Tables 1, 3). 
Such strong oxidizers as NaIO4, K2CrO4, K2S2O8 
are often used to obtain quinoid dyes which 
may be further transformed by the substances 
containing primary amino-group, in our case 
by CAs. The most sensitive procedures were 
developed on the basis of photometric reactions of 
oxidative-coupling [65-68] and ion-pair complex 
formation [77, 78]. However, the procedure [78]
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knowledge, no procedures of analysis of 
catecholamine-based drugs can be found in the 
literature. 

3.4. Kinetic and biochemical methods 
Afkhami et al. [89] developed a kinetic method 
based on the inhibition of the reaction of nitrite 
with neutral red in acidic media by CAs. The 
calibration plots were linear in the following 
concentration ranges of DA, AD, MD, and LD: 
2.61 - 26.7, 1.59 - 32.7, 1.8 - 13.3, and 3.05 - 
16.2 µM, respectively. The same sensitivity was 
observed when the reactions of CA oxidation by 
potassium periodate in acidic medium [90] were 
used for their indirect kinetic determination in the 
model solutions. Then, the quantity of potassium 
periodate not reacted with CA was detected 
spectrophotometrically (665 nm) after the addition 
of methylene blue and KI to the indicator reaction. 
ACRs of AD, LD, and MD were 3 - 40 µM. Very 
simple kinetic method for MD determination was 
proposed by Tubino et al. [91]. The addition of 
MD into the indicator system Fe3+- salicylate ions 
decreased the maximum absorbance of this 
complex (525 nm) due to the reduction of Fe3+ to 
Fe2+. ACR was 0.2 - 1.8 mM (RSD ≤ 0.8%). 
However, no data on selectivity were presented. 
Chamsaz et al. [92] developed the kinetic-
spectrophotometric procedures for the determination 
of MD, CD, and LD by their oxidation by iron(III) 
in the form of tris(1,10-phenanthrolinate). The 
ACRs of MD, CD, and LD were 0.4 - 28, 0.9 - 31, 
and 1 - 30 µM, respectively. Gotardo et al. [93] 
proposed the indicator system where MD reacted 
with p-chloranil. This reaction was accelerated 
by H2O2 and resulted in the production of the 
violet-red compound (λmax = 535 nm). ACR of 
MD was 210 - 2480 µM (RSD ≤ 3.2%). No 
interferences were observed from starch, talc, 
magnesium stearate, tartaric acid, polyethylene 
glycol, polypropylene glycol, hydroxypropyl-
methyl cellulose, ethyl cellulose, cellulose, 
lactose, silicon dioxide and sodium croscarmelose 
when their concentrations were comparable to or 
10 times higher than MD concentration. Pagani 
et al. [94] used the differences in the reaction 
rates of LD and CD oxidation by Ce(III) in 
sulfuric acid medium for the kinetic fluorescent  
determination of these CAs without preliminary 
separation (λex = 255 nm, λem = 355 nm) with the
 
 

The procedures of the second group are based on 
the formation of a luminophore through oxidation 
of CAs (DA, NAD, AD) by Hg(II) ions [81, 82] or 
K3Fe(CN)6 in borate buffer solution with pH 9.5 
[83] and the following condensation of the 
obtained products with ethylendiamine [81, 82] or 
formaldehyde in acidic medium [83], respectively. 
The limits of detection (cmin) of DA and NAD 
were 80 and 2.5 nM in the presence of 
ethylendiamine, and 0.24 nM for AD in the 
presence of formaldehyde. The exipients did not 
interfere with the determination of CAs. RSD of 
the results of the determination of DA, NAD, and 
AD were 4.3, 2.3, and 2.5%, respectively. 
The procedures of the third group are based on the 
enhancement of fluorescence of other substances 
in the presence of CA. So, Su et al. [84] proposed 
a procedure for AD determination based on the 
increase in the electrochemiluminescence (anodic 
potential sweep) of luceginin system (cmin = 24 
nM, RSD ≤ 1.8-2.2%). The developed procedure 
was successfully applied for the determination of 
AD in injections.  

3.3.3. Other spectroscopic methods 

Nuclear magnetic resonance 

The procedures utilizing 1H nuclear magnetic 
resonance [85] were developed for the 
confirmation of the identity and quantity of MD, 
LD, and CD in the pharmaceutical formulations. 
These procedures are based on resonance 
characteristics of the functional groups in the 
structures of CAs and the integral ratio of selected 
signals belonging to different compounds with 
respect to those of an internal standard. The ACRs 
of MD, LD, and CD were 0.15 - 40, 0.4 - 120, and 
0.2 - 50 µM, respectively. 

Infrared (IR) spectroscopy  
Currently, due to such advantages of IR spectroscopy 
as rapidity, simplicity, and the possibility of 
analysis of pharmaceutical formulations directly 
in the package (blister pack, plastic, ampoule, 
carton etc.), this method is widely used for an 
authentication of some pharmaceutical formulations 
including catecholamine-based drugs [86, 87]. In 
the last few years there has been considerable 
interest in the development of the procedures for 
quantitative pharmaceutical analysis by method of 
IR spectroscopy [88]. However, to our best
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ACRs of NAD, AD, DA, and LD were 6 - 120, 
1 - 25, 2.5 - 25, and 2 - 80 µM, respectively. In 
these procedures, the selectivity was achieved by 
preliminary separation of CAs by liquid 
chromatography. 
The traditional scheme of the enzymatic action in 
the procedures using biosensors is presented in 
Fig. 3, where EOx, ERed, SOx, and SRed are the 
oxidized and reduced forms of the enzyme and its 
substrate (H2O2 for peroxidase, and O2 for laccase 
and PPO), respectively. 
A novel biosensor for DA determination based on 
peroxidase from zucchini extract was developed by 
Lupetti et al. [97]. Electrochemical reduction of 
dopamine-o-quinone was realized at a potential of 
-0.02 V. The limit of detection of DA employing 
cyclic voltammetry was 26 µM. However, the 
presence of sodium metabisulfite caused an error 
in the results of DA determination (RSD ≤ 4.1%). 
A novel biosensor based on immobilization of a 
bean sprout peroxidase on a gold electrode 
modified with self-assembled monolayers of 
L-cysteine was created for the determination of 
DA using SWVA [98]. The calibration curve was 
linear at 10 - 220 µM concentration of DA when
 
 

ACRs of 5 - 1000 and 4 - 360 µM, respectively. 
The authors chose the parameters of the reaction 
in order to maximize the selectivity (20°C and 
0.02 M H2SO4). 
Biochemical methods of CA determination 
include enzymatic methods and biosensors.  
Poliakov et al. [95] developed the rapid enzymatic 
procedures for the determination of DA, AD, and 
MD. As the indicated CAs are the substrates of 
native horseradish peroxidase, the reactions of 
their enzymatic oxidation by H2O2 in the presence 
of L-thyroxine have been proposed for their 
determination. Spectrophotometry at 480 (DA, 
AD) and 481 (MD) nm was applied to follow the 
indicator reaction rates. ACRs of DA, AD, and 
MD were 0.5 - 300 (RSD: 4.3%), 4 - 300 (RSD: 
4.1%), and 100 - 400 (RSD: 5.4%) µM, respectively. 
Common excipients of pharmaceutical formulations 
did not interfere with the determination of the 
CAs. 
Zhu et al. [96] used the inhibition effect of NAD, 
AD, DA, and LD on the catalytic activity of 
native horseradish peroxidase in the reaction of 
p-chlorophenol with 4-AAP, the rate of which 
was followed spectrophotometrically (505 nm).
 
 
 

 
 

 
  

 
 
 
 
 
 
 
 
 
 
 Fig. 3. The scheme of a biosensor action. 
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[104]. A graphite paste electrode modified by 
copper phthalocyanine (CoI) and histidine in 0.1 M 
phosphate buffer was utilized as a biosensor. 
Coupling of CoI and histidine gave a compound, 
which acted similar to dopamine-β-monooxidase. 
The ACR of DA was 40 - 290 µM (cmin = 11 µM). 
Ascorbic acid and acetoaminophen interfered 
with DA determination but uric acid did not. 
The application of GS electrode coated by 
Nafion membrane doped with bis(2,2’-bipyridil) 
copper(II) chloride complex [105] as a biomimetic 
catalyst resulted in increasing the sensitivity 
for DA determination: ACR was 35 - 240 µM 
(cmin = 8 µM). This sensor had a reproducible 
response for at least 40 successive measurements. 
A novel biomimetic sensor coated by Fe-complex 
(analogue of uteroferrin) was proposed for DA 
determination employing SWVA [106]. This 
binuclear Fe-complex had a bulky ligand. The 
advantages of this biosensor were a long-term 
stability and rapid response. The calibration 
curve for DA determination was linear from 50 to 
6500 µM. Sodium chloride, citric acid, starch, 
polyethylene glycol, magnesium stearate, lactose, 
and sucrose did not interfere. 
Using complexes of Mn(III) with porphyrin 
derivatives as modification reagents for carbon 
and diamond paste microelectrodes allowed 
Balasoiu et al. [107] to develop highly sensitive 
biosensor for DA determination in the 
concentration ranges of 0.001 - 1×106 and 0.1 - 
100 nM. A 10-fold molar excess of ascorbic acid 
slightly interfered with the determination of DA; 
10-fold molar excess of uric acid did not interfere, 
with RSD < 1%.  
However, despite the low cost of the proposed 
mimetic biosensors, the sensitivity of CAs 
determination was lower (except for [107]) than 
the sensitivity of the enzymatic procedures. At the 
same time, the selectivity of these biosensors is 
quite high for the pharmaceutical analysis. Thus, 
the application of such sensors is a promising 
approach for solving the problems of pharmaceutical 
analysis. 

3.5. Chromatographic and relative methods 

3.5.1. Chromatographic procedures 

Due to high selectivity combined with high 
sensitivity, chromatographic method is used for 
 
 

using phosphate buffer solution (pH 6.0; pulse 
amplitude of 80 mV). Brondani et al. [99] 
developed a biosensor for AD determination 
based on 1-butyl-3-methylimidazolium hexafluoro- 
phosphate and corn peroxidase. When determining 
DA, AD, MD, CD, and LD, the best biosensor 
response was obtained for AD. The ACRs 
employing SWVA were 2 - 106 (RSD ≤ 6.6%) 
and 1 - 122 (RSD ≤ 5.3%) µM with and without 
ionic liquid, respectively. However, the indicator 
system should be purged with nitrogen to 
eliminate the interference of metabisulphite ions.  
The application of laccase [100] immobilized on a 
graphite electrode employing DPVA did not result 
in any increase in the sensitivity of the 
determination of CAs. The limits of detection of 
AD and DA were 7.9 and 9.8 µM. Using the 
platinum nanoparticles dispersed in 1-butyl-3-
methylimidazolium hexafluorophospate and laccase 
allowed Brondani et al. [101] to construct the 
biosensor employing SWVA for the determination 
of AD (Fig. 3) with an ACR of 10 - 213 µM. 
This biosensor was notable for a better stability 
(90 days on the air), as compared to the sensor 
described above.  
Mataveli et al. [102] constructed an amperometric 
biosensor for AD determination based on the 
modification of an electrode by polyphenol 
oxidase from banana extract. The ACR of AD was 
0.008 - 800 µM. The enzyme was isolated in the 
laboratory, and no interference study was 
performed.  
Yan et al. [103] developed a selective biosensor 
for the determination of DA in the presence of a 
5000-fold molar excess of ascorbic acid. The 
biosensor was based on a graphite electrode 
modified with AgCl nanoparticles and polyaniline. 
The analytical signal was measured employing 
CVA and SWVA in phosphate buffer solution 
(pH 7.0). The limit of detection of DA was 
0.2 µM in the presence of 1 mM ascorbic acid. 
A novel approach in analytical chemistry consists 
in an application of an analogue of the enzymes, 
also known as mimetic enzymes. This is a class of 
synthetic organic compounds, which are similar to 
an active site of an enzyme. 
A novel and simple amperometric biosensor for DA 
determination was proposed by Sotomayor et al.
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The application of an inexpensive derivatizing 
reagent (ethyl chloroformate) and capillary 
column (30 m × 0.32 mm, coated with a 0.25 µM 
film of HP-5, J&W Scientific, USA) resulted in 
0.9 and 2 µM detection limits for DA and AD, 
respectively. When DA and AD were determined 
in injections, RSD of the results varied in the 
range of 1-2.5%. 

3.5.2. Electrophoresis 

Capillary electrophoresis is a relatively new 
method in the analysis of pharmaceuticals, and, 
especially, catecholamine-based drugs. The 
examples of the application of this method for 
pharmaceutical analysis were described by Brown 
and Grushka [114] (1995), Morzunova [115] 
(2006), and Marsh [116] (2008).  
De Griend et al. [117] developed an electrophoretic 
procedure for the separation and quantification of 
L- and D-adrenaline in anaesthetic injections. The 
analysis was performed in the buffer containing 
heptakis(2,6-di-O-methyl)-β-cyclodextrin (40 mM), 
phosphoric acid (0.1 M), and triethanolamine 
(0.05 M) at voltage of 30 kV. When UV-detection 
(200 nm) and high temperature (45°C) were used, 
the ACR of AD was 10 - 200 µM. The results of 
the analysis of the pharmaceutical samples were 
obtained with RSD of 10-15%. However, the 
procedure may be applied for the estimation of 
enantiomeric purity of AD-based pharmaceutical 
formulations. 
Capillary electrophoresis with indirect 
chemiluminescent detection was applied for the 
determination of DA, AD, and NAD [118]. 
Quenching effects of these CAs in luminol-
K3[Fe(CN6)] system were observed in the 
following concentration ranges: 0.57 - 13 (DA), 
0.92 - 28 (AD), and 0.85 - 24 µM (NAD). The 
separation was performed in Na2B4O7 (15 mM) - 
luminol (2 mM) buffer solution (pH 9.5) at 
voltage of 20 kV. RSD of the results of CA 
determination in injections was less than 5.5%. 
Based on the same fluorimetric system, Zhao  
et al. [119] developed a rapid and simple 
procedure for the determination of LD. The ACR 
was 0.05 - 2.5 µM (RSD 4.1%) with 30 mM 
borate buffer (pH 9.4) at 16 kV of voltage. 
He et al. [120] did not improve the analytical 
characteristics of the procedure for LD determination
  
 

the determination of CAs in both biological and 
pharmaceutical samples [7, 108, 109]. However, 
the application of chromatographic procedures is 
preferable for the monitoring of purity of the 
initial substances as well as final pharmaceuticals, 
i.e. for the determination of impurities in 
pharmaceutical formulations. For this reason, not 
many chromatographic procedures for the 
determination of CAs in officinal drugs have been 
found in scientific literature. 
Camanas et al. [110] proposed HPLC method 
with the micellar mobile phase containing SDS 
(0.1 M), 1-propanol (5% v/v), and phosphate 
buffer (25 mM, pH 3) for the determination of 
DA, AD, NAD, LD, MD, CD, and IPA in 
injections, tablets, and aerosols with UV-detection 
at 280 nm (RSD ≤ 0.3%). The column was C18 
Spherisorb ODs-2 (12 cm × 4.6 mm). SDS was 
added in order to increase the retention of CAs on 
C18 column. The limits of detection of the listed 
CAs were 0.05, 0.03, 0.03, 0.02, 0.02, 0.02, and 
0.08 µM, respectively.  
The procedure employing reversed-phase HPLC 
[111] with UV-detector (280 nm) was proposed in 
order to monitor the purity of AD-based liquid 
formulations. The mobile phase was water: methanol: 
acetic acid (85:10:5 v/v). The calibration plot for 
AD after separation on C18 column was linear in 
the concentration range of 0.06 - 0.6 µM (RSD ≤ 
0.3%). The purity of the pharmaceutical 
formulations was estimated by determining the 
AD concentration; possible impurities were not 
considered. Guan et al. [112] developed the 
procedures for the determination of CAs by ion-
exchange chromatography with direct conductive 
detection: ACR of DA and AD were 0.6 - 300 µM 
and 0.05 - 300 µM for NAD. The separation was 
conducted on an IC column (Metrosep cation 1-2 
4.0 × 125 mm) with a cationic pre-column, mobile 
phase was 1 mM nitric acid. The RSD of the 
obtained results did not exceed 2.1%.  
A well-known approach used for the improvement 
of the analytical characteristics of procedures is 
derivatization of the initial substances with 
organic compounds in order to obtain the products 
giving better analytical signals. Khuhawar et al. 
[113] used gas chromatography with a flame 
ionization detector for DA and AD determination.
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the pharmaceutical formulations but the developed 
procedures require substantial dilution of the 
analyzed sample. The possibility to carry out up to 
180-200 measurements per hour [132, 160] makes 
this method very attractive for pharmaceutical 
industry. Unfortunately, no study of the interferents 
was made and described in the majority of the 
papers. 
Coupling FIA with spectrophotometric detection 
resulted in low cost simple procedures, beside 
those [135-137] where the construction of the 
reactors was complicated. The addition of the 
enzyme, PPO [128-131, 151, 157], did not 
improve the analytical characteristics. Furthermore, 
the enzyme preparations were extracted from 
different sources (palm tree fruits [128], sweet 
potato roots [129, 130], avocado [131], sour sop 
[151, 157]) in laboratory, which limited the 
application of these procedures by other 
researchers. Using kinetic method did not allow 
the authors [138] to develop a sensitive and simple 
procedure for MD determination. Significant 
dependence of the analytical signal on the 
concentrations of the indicator system components 
rather than on CA concentration or external 
conditions (temperature, etc.) [125, 126, 138, 152] 
made such procedures inappropriate for the 
precise analysis. 
The application of gravimetric FIA analysis is 
quite preferable due to its simplicity, rapidity, 
high reproducibility, and selectivity although it is 
less sensitive, as compared to spectrophotometric, 
luminescent, or amperometric FIA (Table 4). 
 
4. Future trends 
Considering possible future trends in the analysis 
of catecholamine-based drugs, we can state that 
for the majority of chemists the high-priority 
direction is the improvement of the proposed 
procedures, the development of novel FIA techniques 
and their adaptation to wide pharmaceutical 
practice. It is worth to note that today most of the 
reported FIA procedures for the analysis of 
catecholamine-based drugs are sensitive, selective, 
accurate, simple, rapid, computer-assisted, and are 
characterized by excellent reagent economy, with 
sampling frequency approaching 200 h-1 (Table 4). 
Such procedures satisfy the requirements of 
pharmaceutical analysis even now. Unfortunately, 
despite the obvious advantages of the reported
 
 

employing luminol - K3[Fe(CN6)] system. 
Utilizing 100 mM borate buffer (pH 9.5) with 
voltage of 15 kV provided the analytical range for 
LD of 5 - 500 µM. However, this procedure 
seemed to be more reproducible (RSD ≤ 2.9% for 
the analysis of an LD tablet), as compared to the 
techniques mentioned above. 
Zhang et al. [121] used the method of capillary 
electrophoresis with laser-induced fluorescent 
detection for the determination of 0.05 - 2 µM DA 
and NAD (10 mM borate buffer, pH 10.5, with 
10% (v/v) acetonitrile, applied voltage 20 kV). 
Fluorescein isothiocyanate was used as a derivatizing 
agent that yielded a compound absorbing and 
emitting light in different ranges of the spectrum, 
as compared to the initial CAs (λex = 488 nm, 
λem = 520 nm). The developed procedure is simple 
and sensitive but requires 4 h for a completion of 
the derivatization reaction. RSD of the results of 
DA determination in injections was 2.7%. 
Capillary electrophoresis with amperometric 
detection (carbon disk electrode, E = 900 mV) 
was applied for the determination of LD and CD 
[122]. Under the optimum conditions, LD and CD 
were separated within 12 min and determined in 
the concentration ranges of 6 - 500 and 5 - 650 µM, 
respectively. The results of the analysis of tablet 
formulations were obtained with RSD of 2.6 (LD) 
and 2.3% (CD). 

3.6. Flow injection analysis (FIA) 
FIA with spectrophotometric, luminescent, 
electrochemical, and kinetic detection is widely 
used for the determination of CAs in pharmaceuticals 
(Fig. 2, Table 4). The last reviews devoted to the 
application of FIA in pharmaceutical control for 
the determination of different drugs were 
published in 2001 [11-13], 2007 (Tzanavaras 
[123]), and 2010 (Felix [124]). It should be noted 
that the constructions of the reported flow 
injection systems (flow cells) were similar to the 
schemes described in detail in the articles [123, 
124]. Thus, we shall only indicate the analytical 
parameters of FIA procedures for the analysis of 
catecholamine-based pharmaceutical formulations 
(Table 4). 
The data of Table 4 show that FIA with 
luminescent detection [139-154] is quite a 
sensitive method for the determination of CAs in
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Table 4. The analytical characteristics of FIA procedures for the determination of CAs 

Reagents 
Sample 
type: 
analyte 

Parameters ACR, µM Sampling 
rate, h-1 Remarks Ref. 

Spectrophotometric detection 

NaOH 
Injection: 
DA 
AD 

 
λmax = 390 
nm 
λmax = 390 
nm 

 
20 - 200 
20 - 200 

 
 

130 
 

Temperature 65°C; 
no interferents were 
studied; 
RSD - 4.2% (DA),             
5% (AD) 

[125] 

Injection: 
DA 
Tablet: 
MD 

 
λmax = 473 
nm 
 
λmax = 473 
nm 

 
20 - 200 
 
20 - 200 

130 

Temperature of the reactor: 
65°C (DA) and 45°C (MD); 
glucose, fructose, 
saccharose, NaCl, Na2SO3, 
starch do not interfere; 
RSD - 8.2% (DA), 6.4 (MD) 

[126] 

NaIO4 

Injection: 
AD 
IPA 

 
λmax = 491 
nm 
λmax = 491 
nm 

 
5 - 200 
5 - 200 

 
120 

Signal is stable for 30 min; 
no interferents were 
studied; 
RSD - 10% (AD),         
4.3% (IPA) 

[127] 

Injection: 
AD 

λmax = 486 
nm 
 

20 - 200 -* Enzyme was extracted in a 
lab; RSD - 1.9-3.4% [128] 

Tablet: 
LD 
CD 

λmax = 
295 – 540 nm 

290 - 2800 
90 - 300 18 

Complicated 
measurements; 
analysis of LD and CD         
in their mixture; enzyme 
was prepared in lab;               
RSD - 1.3-3.7% 

[129] 

Tablet: 
LD 
CD 

λmax =  
292 – 600 nm 

 
5×103 - 
3×104 
700 - 4000 

- 

Analysis of LD and CD in 
their mixture; enzyme was 
prepared in lab; RSD - 
5.5% 

[130] 

PPO 

Tablet: 
IPA 

 
λmax = 492 
nm 

 
120 - 740 

 
36 

Enzyme preparation was 
extracted in lab; RSD - 6-
8% 

[131] 

NaIO4 and  
p-toluidine 

Injection: 
DA 
AD 
Tablet: 
MD 

 
λmax = 480 
nm 
λmax = 480 
nm 

 
12 - 310 
25 - 400 
 
4.5 - 200 

180 

Glucose, lactose, fructose, 
talc, NaCl, magnesium 
stearate do not interfere; 
RSD - 0.43% (DA),   
0.54% (AD), 0.31% (MD) 

[132] 

p-Aminophenol Tablet 
MD 

λmax = 608 
nm 200 - 3000 48 The addition of ethanol is 

required; RSD - 1.6-2.6% [133] 

Fe(II)-citrate 

Injection: 
AD 
Tablet: 
IPA 

λmax = 530 
nm 

 
30 - 1000 
 
50 - 1400 

120 

None of the common 
excipients interfere; 
EDTA interferes at high 
concentration; RSD 2-4% 

[134] 
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  Table 4 continued.. 

Triiodide ion 
immobilized in a 
anion-exchange 
resin 

Injection: 
AD λmax = 488 nm 6.4 - 300 80 

Reactor is stable even after 
injection of more than 600 
solutions; RSD - 2.7% 

[135] 

Injection: 
AD λmax = 486 nm 100 - 800 130 

Required the preparation of 
the reactor; no interferents 
were studied; RSD - 1% 

[136] PbO2 
immobilized in a 
polyester resin Tablet: 

LD λmax = 520 nm 100 - 1000  RSD - 0.2% [137] 

FDNB and 
CTAB 

Tablet: 
MD 

Stopped-flow 
kinetic  
λmax = 352 nm 

10 - 200 40 
Sensitivity depends on pH 
and concentrations of the 
reagents; RSD - 0.4-3.9% 

[138] 

Luminescent (Electro, chemi, and photo types) detection 

NaOH Injection: 
AD 

λex = 330 nm 
λem = 510 nm 

0.3 - 80 
100 - 200 107 

Heating at 73°C; 
picric acid and ZnO 
interfere, other components 
do not interfere;   
RSD - 2.7% 

[139] 

NaOH and 
CTAB 

Injection: 
AD 

λex = 330 nm 
λem = 520 nm 6 - 2700 90 

The tolerance levels for 
NaCl, EDTA, Na2S2O5 
were 2, 0.2, 0.05 mg/ml for 
the determination of 6 µM 
AD; RSD - 1.1% 

[140] 

MnO2 and 
polyester resin 

Injection: 
AD 

λex = 330 nm 
λem = 540 nm 3 - 100 65 

NaHCO3, H3BO3 interfere, 
other components do not 
interfere; RSD - 1.5-2.5% 

[141] 

DAPB Injection: 
DA 

λex = 330 nm 
λem = 540 nm 10 - 100 24 

Glycine and ascorbic acid 
interfere, other components 
do not interfere;  
RSD - 2.2% 

[142] 

Thionine blue 
and EDTA 

Injection: 
DA 
Tablet: 
LD 

λex = 322 nm 
λem = 455 nm 

12.5 - 500 
10 - 500 35 

Stable fluorescent signal; 
no interferents were 
studied; RSD - 2.1% (DA), 
3.2% (LD) 

[143] 

Luminol Injection: 
DA 

Emax = 0.7 V 
PMT  0.05 - 10 60 

Co2+ and Mn2+ ions 
interfere (eliminated by the 
addition of 0.1 mM 
EDTA), other components 
do not; RSD - 1.5-1.8% 

[144] 

Injection: 
AD 

PMT  
E = -800 V 0.001 - 0.1 - 

K+, Na+, Ca2+, NO3
2-, Cl-, 

Zn2+, SO4
2-, PO4

3-, Br- ions 
and glucose do not 
interfere; RSD - 5.4% 

[145] 

Luminol - 
Ag(III) 
 

Injection: 
DA 

PMT  
E = -800 V 

0.0001 - 
0.01 - 

Equal amounts of glucose 
and starch slightly interfere, 
other components do not 
interfere; RSD -  2.3% 

[146] 
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Table 4 continued.. 

Injection: 
DA 
AD 
DB 

 
 
PMT 
E = -600 V 
 

 
0.007 - 6.5 
0.006 - 5.5 
0.003 - 3.3 

- 

K+, Na+, Cl-, SO4
2-, NO3

-, 
SO3

2-, PO4
3-, Ba2+, Mg2+ 

ions, glucose, lactose, 
Na2S2O5, Ca2+, ascorbic 
acid do not interfere in the 
tested concentrations;   
RSD - 2.1% (DA),             
2.7% (AD), 2.3% (DB) 

[147] 

Injection: 
DA 
AD 
NAD 
IPA 

 
PMT 
E = -700 V 
 

 
0.0007 - 
0.07 
0.0006 - 
0.6 
0.005 - 0.5 
0.03 - 0.3 
 

60 

Mn2+, Co2+, Fe2+ ions 
interfere with the 
determination of DA,   
other components do not 
interfere; RSD - 1.7% 
(DA), 2.8% (AD), 3.6% 
(NAD), 1.1% (IPA) 

[148] 

Luminol - KIO4 
 

Injection: 
AD 

PMT 
E = -600 V 

 
0.05 - 1.5 130 

One measurement takes 
about 27 s; Ca2+, Mg2+, 
SO3

2- ions interfere, other 
components do not 
interfere; RSD - 1-2.3% 

[149] 

Luminol - 
K3Fe(CN)6 

Injection: 
DA 

Flow 
luminometer 
with spiral 
flow-cell 

0.2 - 0.65 
2.5 - 20 135 

Common excipients           
do not interfere; 
RSD - 4.7% 

[150] 

Luminol and 
PPO 

Injection: 
AD 

PMT 
E = 1200 V 

5 - 55 
55 - 140 20 

NaCl, H3BO3, EDTA 
Na2B4O7 × 10H2O, citric, 
ascorbic, and picric acids, 
glucose, lactose, NaHSO3 
do not interfere; enzyme 
preparation is stable for         
1 week; RSD - 2.1% 

[151] 

NaClO and DCF 

Injection: 
DA 
AD 
Tablet: 
MD 

 
 
E = 650 V 
 

 
20 - 330 
16 - 440 
15 - 400 

 
96 
64 
68 

Different values of 
optimum pH for each CA; 
RSD - 1.25% (DA),          
2.0% (AD), 0.85% (MD) 

[152] 

Lucigenin 
Injection: 
IPA 
 

PMT  0.1 - 100 3 

Ca2+, Cd2+, Co2+, Ni2+, 
Pb2+, V5+, Zn2+, Hg2+,  
Cu2+, Mg2+

 ions, riboflavin 
and magnesium stearate 
interfere severely;            
RSD - 1.4 - 2.2% 

[153] 

Lucigenin and 
Fe(II) 

Injection: 
DA 

Luminometer 
with a spiral 
flow- cell 

0.01 - 0.2 40 

Thermostating at 30°C; 
sodium urate and SO3

2- ion 
interfere, other components 
do not interfere;  
RSD - 4.6% 

[154] 
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Table 4 continued.. 

Amperometric detection 

Glassy carbon 
electrode 

Injection: 
DA 
AD 
Tablet: 
LD 

E = 800 mV 

 
7 - 50 
7 - 50 
7 - 50 

100 

No interferents                   
were studied; 
RSD - 3.2% (DA),               
8.1% (AD), 12.5% (LD) 

[155] 

Glassy carbon 
electrode with 
DTDB 

Injection: 
DA E = 200 mV 0.0005 - 

500 - Electrode is stable for            
1 week; RSD - 4-11% [156] 

Injection: 
DA E = 100 mV 200 - 

20000 40 

500 determinations in         
60 days without 
considerable loss of 
enzymatic activity; 
no interferents were 
studied; RSD -  <3.4% 

[157] 

Carbon paste 
electrode with 
PPO 

Injection: 
AD E = -100 mV 50 - 350 60 

Sulfite and mainly 
metabisulfite interfere; 
RSD - 3.0-4.2% 

[128] 

Gold (working) 
and platinum 
electrodes, 
KMnO4 

Tablet: 
LD 

∆E = 0 V 
(between two 
electrodes) 

0.2 - 100 - 
Fe3+ and Cl- ions interfere, 
other components do not 
interfere; RSD - 3% 

[158] 

Gold screen-
printed electrode 

Tablet: 
LD E = 800 mV 1 - 660 20 No interferents were 

studied; RSD - 4% [42] 

Cylindrical 
carbon fiber 
microelectrode 
modified with 
P3MT 

Tablet: 
LD E = 700 mV 10 - 800 - 

Electrode does not absorb 
organic molecules; 
no interferents were 
studied; RSD - 3.2% 

[159] 

Potentiometric detection 

Metaperiodate 
BTPA  

Injection: 
DA I = 0 52 - 1700 200 

Required a control of ionic 
strength, Na2S2O5 interfere; 
RSD - 2.4% 

[160] 

Gravimetric detection 

Piezoelectric 
crystal with 
silver electrode 
and SDPS 

Injection: 
AD 
Tablet 
MD 

10 MHz 

 
220 - 4600 
 
180 - 3700 

120 

Glucose, lactose, sucrose, 
asparate, citrate, tartrate, 
antipyrine, berberine, 
pilocarpine, sparteine 
hydrochloride do not 
interfere; RSD - 0.24% 
(AD), 0.16% (MD) 

[161] 

* - no data; FDNB - 1-flouro-2,4-dinitrobenzene, DAPB - m-dansylaminophenylboronic acid, PMT - photomultiplier tube, 
DCF - 2,7-dichlorofluorescein, P3MT - poly-3-methylthiophene, DTDB - 5,5-ditetradecyl-2-(2-trimethylammonioethyl)-
1,3-dioxane bromide, BTPA - bis(triphenylphosphoranylidene) ammonium, SDPS - sodium dodecyl phenylsulfonate. 
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procedures, the old techniques for the 
determination of CAs are still cited in the 
pharmacopeias of different countries. 
The physical-chemical properties of CAs and the 
type of the chemical reaction used for their 
derivatization often predetermine the choice of a 
certain detection system in FIA. In our opinion, a 
promising approach is the integration of several 
different detectors into flow injection systems for 
CA determination. In the future, the application of 
such systems will make a significant contribution 
to the improvement of the precision of analysis, 
promoting modern procedures in pharmaceutical 
practice and analysis of multicomponent 
formulations. 
 
CONCLUSIONS 
The analysis of the published data allows 
concluding that the majority of the current 
instrumental methods for the determination of 
CAs in officinal drugs is advantageous over the 
pharmacopeia methods. Their advantages are 
sensitivity, non-interference from the other 
ingredients usually found in pharmaceutical 
formulations, simplicity, rapidity, precision, high 
throughput, and good agreement with the official 
methods. It is not our intention to suggest that 
the reviewed procedures replace potentiometric 
method of analysis for the determination of CAs. 
However, the presented methods may be more 
convenient as compared to the existing and 
recommended ones.  
In our opinion, current advances of the 
pharmaceutical analysis of catecholamine-based 
drugs are as follows: increase in the number of 
reactions for spectrophotometric analysis, 
expansion of the choice of modification agents 
used for the indicator electrodes (nanoparticles, 
nanotubes, surfactants, ionic liquids, etc.) and the 
variety of enzymes (including mimetic enzymes) 
in biosensors, the application of novel approaches 
for CA determination by kinetic and enzymatic 
methods, the development of methodology of 
flow injection methods in the practice of 
pharmaceutical analysis. 
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