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This work presents a simple and fast method for colchicine (CO) determination in pharmaceutical
formulations and urine by multiple pulse amperometry (MPA) with flow injection analysis (FIA)
system using a boron-doped diamond electrode. In optimized conditions, it was possible to quantify
CO in urine samples without interference of uric acid and ascorbic acid. The working linear
range for CO quantification was achieved from 1.0 x 10~ to 0.5 x 10~ mol L~ with a low limit
of detection of 2.14 x 10~® mol L-'. Furthermore, the proposed method showed high repeatability
for 10 consecutive injections of 1.0 x 10~ mol L' CO (relative standard deviation = 1.28%) and
good analytical frequency (30 determinations per hour). The addition and recovery studies in all
pharmaceutical samples were approximately 100% and the results for CO determination were
compared by high performance liquid chromatography (HPLC) with UV detection.
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Introduction

Colchicine (CO) is an anti-inflammatory used in
treatment of acute gouty arthritis. This drug has low
therapeutic index, so the therapeutic effective concentration
range is very narrow. Inadequate dose of CO presents
some side effects, such as severe gastrointestinal distress,
hepatocellular insufficiency, central nervous system
dysfunction, among other problems.' Thereby, CO
quantification in pharmaceutical and biological samples
is very important to monitor the treatment of patients and
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perform pharmacological studies of this drug, beyond
performing an efficient quality control of its formulations.>”’
The structural formula of CO is presented in Figure 1.
Identification tests of CO in pharmaceutical formulations
described in pharmacopoeias are based in infrared
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Figure 1. Structural formula of CO.
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absorption spectrophotometry, absorption in UV range
or change of color in reaction solution containing ferric
chloride.*!® The International Pharmacopoeia'® suggests
UV absorption for calculating tablet contents of CO.
Quantification of this drug in urine samples and other
matrices in general is performed by high performance liquid
chromatography (HPLC) with UV detection.!""!3 Some
methods for CO determination by HPLC coupled with
mass spectrometry'*!* and spectrophotometry,'® as well as
immunoassay'’ were also found in the literature. Despite
HPLC technique having advantages as high selectivity
and reliability, it is not so suitable for routine analysis in
pharmaceutical industries due to high costs and low sample
throughput. In this context, the electroanalytical methods
have been widely applied to such samples, providing a
simple, fast and low-cost analysis.'®° These advantages
can justify the number of works that have already been
reported for electrochemical behavior studies of CO and
its determination using different working electrodes.>*-*
Among these, the boron-doped diamond (BDD) electrode
was used for CO determination in pharmaceuticals and
human serum samples.** The BDD electrode is widespread
in electroanalytical methods with some advantages in
comparison with other electrodes, such as high stability
and low background current.>’

Although electroanalytical methods have presented the
above-mentioned advantages for CO determination, these
methods did not present a highly selective determination
of CO in biological samples with presence of large excess
of interferants, such as ascorbic acid (AA) and uric acid
(UA). Furthermore, the quality control of drugs requires
faster and simpler methods for routine analysis.

According to Felix and Angnes,*® the flow injection
analysis (FIA) system with amperometric detection has
been used as an interesting alternative to improve speed and
simplicity of drug electroanalysis. Additionally, multiple-
pulse amperometry (MPA) can provide advantages over
classic amperometry (constant potential) such as improved
stability (constant cleaning of working electrode surface
during the measurements) and selectivity (detection of
analyte in a potential without interferants). FIA-MPA
detection was used for the first time by dos Santos ef al.** for
simultaneous determination of AA and paracetamol. This
method has been used in other simultaneous determinations,
such as for two synthetic colorants in food samples,* two®!
or three** synthetic antioxidants in food samples, and two
or three drugs in pharmaceutical samples.*** Moreover,
MPA detection has been used to improve the selectivity
in the quantification of electroactive compounds,**’ and
improve precision by the addition of an internal standard
in flow analysis* or by the reduction of the contamination
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of the working electrode.**° The MPA can also be used for
oxidation (or reduction) products detection of an analyte.*!
Thereby, this paper presents a simple and fast strategy
for selective determination of CO in pharmaceutical
formulations and urine samples (recovery studies) using
FIA-MPA system and BDD as working electrode.

Experimental
Reagents and solutions

CO was obtained from Sigma-Aldrich (Sdo Paulo,
Brazil); AA, UA, sulfuric acid and sodium dihydrogen
phosphate/sodium hydrogen phosphate from Vetec (Duque
de Caxias, Brazil); and acetic acid/sodium acetate and
boric acid/borate sodium from Merck (Rio de Janeiro,
Brazil). All reagents were of analytical grade and used
without any further purification. Stock solutions of CO,
AA and UA were freshly prepared with deionized water
(Milli-Q system, Millipore, Bedford, MA, USA) with
resistivity of 18.2 MQ cm at 298 K. Sulfuric acid solutions
(0.1 and 0.3 mol L") and Britton-Robinson buffer with
different values of pH (2.0 to 12.0) were used as supporting
electrolytes in electrochemical measurements. The
Britton-Robinson buffer was composed of 0.1 mol L™ boric
acid, 0.1 mol L' acetic acid and 0.1 mol L' phosphoric
acid. The buffer pH values were adjusted using sodium
hydroxide and hydrochloric acid.

Human urine samples were collected from healthy
volunteers and diluted (100 times) in supporting electrolyte
without any sample pre-treatment for the FIA-MPA
detection. The pharmaceutical samples of CO were
purchased at local pharmacies in Diamantina-MG (Brazil).
The tablets (n = 20) of CO were powdered in a mortar,
and a weight corresponding to one tablet was dissolved in
supporting electrolyte using an ultrasonic bath for 10 min
prior the FIA-MPA detection.

Instrumentation and apparatus

The BDD film (8000 ppm of doping level) was acquired
from Neo Coat SA (La Chaux-de-Fonds, Switzerland). A
homemade electrochemical wall-jet cell was used for the
electrochemical experiments, with a Pt wire as auxiliary
electrode, and an Ag/AgCl (3.0 mol L' KCI) reference
electrode. The area of the BDD working electrode was
0.13 cm? (delimited by an O-ring with diameter of 0.4 cm).
Before the measurements, different pretreatments were
performed in the working electrode placed in FIA cell
containing 0.5 mol L' H,SO, solution. For anodic activation
was applied +1.0 mA during 120 s and for cathodic was
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applied —30.0 mA during 360 s. Such pretreatment was
carried out once a day.

In the FIA analysis, a single-line system was employed
using polyethylene tubing of 1.0 mm (i.d.). The injection
system consisted of a manual acrylic injector with
polyethylene tubes of 0.5 mm (i.d.). The flow rate was
controlled by a peristaltic pump (Gilson Minipuls 3,
Villiers-le-Bel, France). The flow rates were evaluated from
0.5 to 5.0 mL min™', and the injection volumes from 50 to
400 pL. All electrochemical measurements were carried
out at room temperature in absence of oxygen (previously
removed with nitrogen gas bubbling).

Results and Discussion
Electrochemical study of CO

Cyclic voltammetry (CV) was used to evaluate the
electrochemical behavior of CO on the surface of BDD
working electrode in Britton-Robinson buffer solutions at
different pH (2 to 12) and H,SO, solution (pH,,,en 1)- As
shown in Figure 2, 0.1 mol L' H,SO, supporting electrolyte
presented a better sensitivity to CO electrochemical
processes with four oxidation peaks at about +0.70, +0.93,
+1.20 and +1.40 V and one reduction peak at —0.60 V.
The first two oxidation processes for CO are more clearly
presented in Figure 3. In contrast, Stankovi¢ ef al.*° noticed
only two processes on BDD electrode (cathodically
pretreated) in pH 2 to 10 and some reduction process.
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Figure 2. Cyclic voltammograms in 0.1 mol L' H,SO, supporting
electrolyte (black line) at BDD electrode and in the presence of
1.0 mmol L' CO after cathodic (blue dashed line) and anodic (red dotted
line) treatment. Scan rate: 50 mV s~

It can also be verified in Figure 2 that the electrochemical
behavior of CO on BDD after the cathodic or anodic
pretreatments presented similar oxidation currents and
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Figure 3. Cyclic voltammograms of 5.0 mmol L-' CO at BDD electrode
in 0.1 mol L™! H,SO,. Scan rate: 50 to 150 mV s~!. Inset: the first two
oxidation processes.

potential peaks. However, the cathodic treatment was
chosen due to its better cleaning of BDD electrode surface
after some measurements of CO by the proposed method.

The dependence on CO electrochemical processes was
evaluated. When the scan was performed in potential range
from —1.0 to +1.0 V no reduction processes were noted
(not shown), suggesting CO is not directly reduced in this
potential range on BDD electrode. However, when the scan
was performed only until oxidation process of CO at+1.2V,
the reduction peak (-0.6 V, as presented in Figure 2) was
observed in the reverse scan of this study, which indicates
the reduction process is due to the generated product of the
third CO oxidation.

In addition, the effect of the scan rate (v) over currents
for all oxidation peaks of CO was studied by changing the
scan from 50 to 150 mV s (Figure 3) and the regression
equations revealed a linear behavior between the square
root of the scan rate (v'?) and the peak current (Ip) for all
processes, suggesting the CO mass transport process is
controlled by diffusion on the BDD electrode.

The electrochemical behavior of CO has already been
reported in other carbon-based electrodes by authors such
as Zhang,”' who performed only a process of irreversible
oxidation of CO by CV at approximately +1.12 'V on glassy
carbon electrode in 0.1 mol L' perchloric acid medium,
and no reaction mechanism was proposed. Bodoki er al.??
showed that it is possible to obtain a quasi-reversible system
using a graphite-based electrode in solution of perchloric
and phosphoric acids (pH 2.05). These authors observed
two well-defined oxidation peaks at 1.06 and 1.22 V and
one peak of reduction at —1.04 V.

A systematic mechanistic study for the oxidation
and reduction processes of CO was carried out by
Bodoki et al.>** For the mechanism study of CO oxidation,**
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electrochemistry coupled to mass spectrometry with two
different types of electrolytic cells (aqueous or non-aqueous
medium) and different working electrodes (glassy carbon,
gold, platinum and BDD) were used.? The main product
observed for CO oxidation at around +1.0 V (vs. Pd/H,)
in a large pH range was the 7-hydroxy derivative of
CO. The authors also reported several other generated
oxidation products for CO at +1.0 V (vs. Pd/H,), which
could explain the two first oxidation peaks noticed in this
work (Figure 3). When potentials above +1.4 V (vs. Pd/H,)
were applied, Bodoki ef al.** reported the second oxidation
process of CO as being due to epoxidation (and/or multiple
hydroxylation). For the mechanism study of CO reduction,
Bodoki er al.® showed the possibility of CO direct reduction
at a diamond working electrode. On the other hand, this
work presents a reduction process dependent on oxidation
process at +1.0 V on BDD electrode (vs. Ag/AgCl),
suggesting a different reduction process than that reported
by these authors. Therefore, the reduction process
mechanism for the product generated by CO oxidation (as
presented in this work) requires a deeper investigation.

Optimization parameters of FIA-MPA detection

For MPA detection, two potential pulses were applied
in sequence on BDD electrode (chosen with basis on the
electrochemical behavior of CO, Figure 2): +1.7 V for
500 ms for CO oxidation and —1.1 V for 30 ms for reduction
of CO oxidation products (generated in third oxidation
process). The pulse times, as well as the injection volume
and flow rate (FIA parameters), were optimized considering
the best compromise among sensitivity, selectivity and
sampling rate. AA and UA are electroactive interferants
commonly found in urine sample, but both do not exhibit
reduction peaks on BDD electrode. Thus, a study was
conducted to find out what concentration of AA and UA
would not affect the analytical signal of CO at —1.1 V
during the analysis. However, it was observed that AA
and UA reacted with CO oxidized at the electrode surface,
lowering the peak reduction signal at—1.1 V. This behavior
has been reported by dos Santos et al.** for determination
of dopamine in the presence of AA. The authors evaluated
that the chemical reaction between AA and dopamine
was inhibited in more acidic media, and an electrolyte of
0.2 mol L' H,SO, was used to minimize interference of
AA. Similarly, an evaluation regarding decrease of the CO
reduction peak signal was performed as a function of acid
concentration of the electrolyte in the presence of AA and
UA. The best results were obtained with 0.3 mol L' sulfuric
acid, as can be seen in Figure 4, where the CO signal is not
significantly attenuated (3%) in the presence of AA and
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UA. Figure 4 shows the FIA-MPA responses after duplicate
injections of solutions containing only CO, only AA, only
UA and a solution containing a mixture of CO, AA and UA
at the same concentration. However, a biological sample,
such as urine, has high concentrations of AA and UA, and
thus the current signal of CO was evaluated in the presence
of high concentrations of these interferants (Table 1). As
can be seen in Table 1, the CO signal remained constant
even in the presence of AA or UA in concentration higher
than 100-fold.
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Figure 4. Amperometric responses obtained by FIA-MPA method after
duplicate injections of solutions containing only CO, AA, UA and a
mixture of CO + AA + AU (10 pmol L' for all analytes). Electrolyte:
0.3 mol L' H,SO,; flow rate: 3.0 mL min™'; injected volume: 330 uL.
Potential pulses applied at 1.7 V for 500 ms (black upper line) and —1.1 V
for 30 ms (red bottom line) on BDD electrode.

Table 1. Current signal relation for CO detection by FIA-MPA obtained
after triplicate injections of solutions containing only 2.0 pmol L~' CO
and with increasing concentrations of AA and UA

CO current signal for ~ CO current signal for

[nterferant] /TCOT | A} /(O] relation / % [UA]/ [CO] relation / %
1 100.5 100.1
50 101.6 98.6
100 104.2 105.0

CO: colchicine; AA: ascorbic acid; UA: uric acid.
Repeatability studies

A repeatability study of the proposed method
was evaluated, in which 10 consecutive injections of
1 x 10*mol L' CO solution were analyzed in the FIA-MPA
under the optimized conditions. As presented in Figure 5,
the relative standard deviation (RSD) value (n = 10) found
for reduction peaks (acquired at —1.1 V) was only 1.28%,
demonstrating an outstanding precision of the proposed
method. Using the optimized conditions, the FIA-MPA
system provided an analytical frequency of 30 injections
per hour, suitable for application in routine analysis.
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Figure 5. Amperogram obtained at —1.1 V for 30 ms by FIA-MPA of 10
consecutive injections of 10 wumol L' CO. Electrolyte: 0.3 mol L' H,SO,;
flow rate: 3.0 mL min~'; injected volume: 330 uL. Potential pulse at 1.7V
for 500 ms was applied for oxidation of CO (not shown).

The low RSD value obtained by the proposed method
can be justified by association of three factors: (i) BDD,
a working electrode with a highly stable surface; (i) FIA,
a highly reproducible hydrodynamic system that allows
a continuous cleaning of the working electrode during
the analyses; and (iif) MPA detection, that improves the
stability of the electrochemical signal due to the permanent
application of cleaning pulses.

Analytical parameters

Analytical parameters of the FIA-MPA method
were evaluated for CO determination in pharmaceutical
formulations as well as in human urine. After optimization
of all parameters of the proposed method, the calibration
curve was constructed by the injection of CO (triplicate) in
the concentration range of 1.0 x 1077 to 0.5 x 10~ mol L™
(Figure 6). Two linear ranges were observed from this
study: 0.1-2.0 and 20-500 pmol L-'. The respective linear
regressions were: i (A)=(8+5)x 107+ (11.3+0.5) x[CO]
(mol L") with R = 0.997 and i (A) = (6.4 £ 0.7) x 107 +
(0.315+0.003) x [CO]J (mol L") with R =0.999. The limits
of detection (LOD) and quantification were calculated from
the range with smaller concentrations and the values were
0.021 and 0.071 pumol L', respectively.

The addition-recovery studies in pharmaceutical
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Figure 6. Amperogram obtained by FIA-MPA at —1.1 V for 30 ms after
triplicate injections of standard solution containing CO [(a)-(j): 0.1 to
500 pmol L']. Respective calibration curves are shown in the inset.
Electrolyte: 0.1 mol L' H,SO,; flow rate: 3.0 mL min~'; injected volume:
330 pL. Potential pulse at 1.7 V for 500 ms was applied for oxidation of
the CO (not shown).

samples were performed to verify the accuracy of proposed
method. The obtained results for the recovery of CO in
pharmaceutical formulations (n = 3) and human urine
(n =3) were 100.2 £ 1.0% and 95.0 = 5.0%, respectively.
The obtained values were close to 100%, indicating the
absence of matrix effect in these samples. The obtained
results for the determination of CO in pharmaceutical
samples using the proposed method versus the official
method (HPLC-UV) are presented in Table 2. Statistical
tests (F and Student’s f) were carried out comparing the
results obtained by both methods with a confidence level of
95%. The calculated values of statistical tests were smaller
(F=12.96 and t = 2.17) than the tabulated critical values
(F=19.00 and t = 2.78), so the results can be considered
similar for both methods.

Table 3 shows some analytical parameters obtained
by the proposed method for determination of CO in
comparison with others reported in literature. As shown
in Table 3, the proposed method presented a wider linear
range with LOD and RSD close to or lower than the
modified electrodes used for CO determination. The lowest
LOD and RSD for CO determination were achieved at
mercury electrode using adsorptive stripping voltammetry
(ASV),”2 but the use of this working electrode presents
environmental drawbacks. Moreover, two linear ranges
were also obtained in another work employing the BDD

Table 2. Determination of CO in pharmaceutical formulation by FIA-MPA and official method (HPLC-UV). The studies were performed in triplicate

Sample Ingredient

Labeled mass / mg

Mass (FIA-MPA) / mg Mass (HPLC-UV) / mg

Capsules CO

0.541 +£0.001 0.543 = 0.004

FIA-MPA: flow injection analysis coupled to multiple-pulse amperometry; HPLC-UV: high performance liquid chromatography with UV detection; CO:

colchicine.
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Table 3. Comparison of the proposed method with electrochemical methods reported for CO determination

Technique Electrode Li(r:l?li)lr a;?g])e / (HII;SP L/") RSD%(H) / Sample Reference
LSV PRDE and GRDE 2000-10000 - - - 29
DpPV GCE/PoPD/SWNTs 0.1-40 0.04 5.3 (10) biological 23
DPV GCEs/AB-DHP 0.1-10 0.035 5.3 (5 pharmaceutical 21
DPV SPEs 0.21-3.0 0.103 - pharmaceutical 22
ASV HDME 0.05-0.4 0.000026 1.8 (3) pharmaceutical and biological 27
DPV MWCNTs/CPE 0.01-25 0.008 6.85 (10) pharmaceutical 26
ASV SMDE 0.01-0.1 0.00013 1.1 (12) biological 28
SWASV GO/Nafion/GCE 0.05-20 0.015 2.8 (10) pharmaceutical 25
DPV BDD 1.0-10 and 10-100 0.26 1.7 (10) pharmaceutical and biological 30
FIA-MPA BDD 0.1-2 and 20-500 0.021 1.28 (10) pharmaceutical and biological this work

LOD: limit of detection; RSD: relative standard deviation; n: number of replicates; LSV: linear sweep voltammetry; PRDE: platinum rotating disc
electrode; GRDE: gold rotating disc electrode; DPV: differential pulse voltammetry; GCE/PoPD/SWNTSs: poly-o-phenylenediamine-single-wall carbon
nanotubes composite modified glassy carbon electrode; GCEs/AB-DHP: acetylene black-dihexadecyl hydrogen phosphate composite film coated glassy
carbon electrode; SPEs: graphite-based screen printed electrodes; ASV: adsorptive stripping voltammetry; HDME: hanging drop mercury electrode;
MWCNTSs/CPE: multiwall carbon nanotubes doped carbon paste electrode; SMDE: static mercury drop electrode; SWASV: square wave adsorptive stripping
voltammetry; GO/Nafion/GCE: graphene oxide-Nafion composite film modified glassy carbon electrode; BDD: boron-doped electrode; FIA-MPA: flow

injection analysis coupled to multiple-pulse amperometry.

electrode,* but the proposed method (FIA-MPA) presented
lower LOD and RSD than the ones reported. This can
be justified by the higher sensitivity obtained in the FIA
system, since the flow decreases the Nernst diffusion layer
in working electrode surface. Moreover, in an FIA system
the solution (electrolyte) continuously passes over the
working electrode surface, allowing a better cleansing of
this electrode and improving its stability.

Conclusions

The proposed FIA-MPA method using the bare BDD
working electrode showed some advantages compared
to other reported methods for CO quantification in
pharmaceutical formulation and urine samples (recovery
studies), such as simple, fast and accurate analysis and low
waste generation. Furthermore, the pulsed amperometric
detection provided a selective determination of CO in urine
sample even in the presence of high concentrations of AA
and UA, without sample treatment.
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