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a  b  s  t  r  a  c  t

The  electrochemical  oxidation  mechanism  of  the  anti-cancer  drug  and  kinases  inhibitor  danusertib  was
studied  by  cyclic,  differential  pulse,  square  wave  voltammetry  and  a  glassy  carbon  electrode.  Danusertib
undergoes  oxidation  in a cascade  mechanism  and  depending  on  the  pH of  the  supporting  electrolyte
several  oxidation  peaks  were  observed.  The  number  of electrons  and  protons  involved  in  each  oxidation
step  as  well  as  the  pKa ∼ 10.0 were  determined.  The  analytical  determination  of danusertib  was  carried
eywords:
anusertib
inase inhibitor
lassy  carbon
edox  mechanism

out  in  pH  =  7.0  by  square  wave  voltammetry  with  LOD  =  27.4  nM  and  UV–VIS  spectrophotometry  with
LOD  =  0.5  �M. Different  electroactive  centres  of  danusertib  were  identified  through  comparative  studies
with  similar  compounds  such  as  imatinib  and  piperazine,  and  an  oxidation  mechanism  of  danusertib
proposed.

© 2013 Elsevier Ltd. All rights reserved.

nalytical determination

. Introduction

Protein kinases represent a major class of enzymes that play an
mportant role in signal transduction pathways, regulating a num-
er of cellular functions such as cell growth, differentiation and cell
eath [1,2]. Aurora kinases are serine/threonine kinases essential
or mitosis, cytokinesis and deregulated chromosome segregation
3] and are overexpressed in many malignancies, including pancre-
tic, colorectal, ovarian, and oesophageal cancer [4].

In  view of the critical role that kinases play in cellular environ-
ent, and their overexpression in tumour cells, enzyme kinases
ere considered excellent targets for anticancer therapy [5]. Sev-

ral kinase inhibitors were developed and their potential against
arious cancers have been described during different phases of
reatment [6,7].

Danusertib (formally PHA-739358) [8,9], Scheme 1A, is a new,
mall ATP competitive molecule that inhibits Aurora kinases in vitro
nd in vivo [10]. Also, danusertib binds and inhibits with high affin-
ty (IC50 < 0.50 �M)  several other tyrosine kinases such as Abl, Ret,

GFR-1 and TrkA which are involved in the pathogenesis of a vari-
ty of cancers [11]. The cross-reactivity of danusertib with different
eceptor kinases has great anticancer therapeutic potential [12],

∗ Corresponding author at: Instituto Pedro Nunes, Laboratório de Electroanálise
 Corrosão, Rua Pedro Nunes, 3030-199 Coimbra, Portugal,
el.:  +351 239 700 943/912; fax: +351 239 700 943/912.

E-mail address: victorcd@ipn.pt (V.C. Diculescu).

013-4686/$ – see front matter ©  2013 Elsevier Ltd. All rights reserved.
ttp://dx.doi.org/10.1016/j.electacta.2013.09.017
turning this drug effective for the treatment of multiple tumour
models [4].

Clinical trials for the determination of danusertib efficacy in
treatment of prostate [13], gastroenteropancreatic [14], hepatic
[15], and haematological [16] malignancies have shown a
favourable pharmacokinetic and safety profile. Despite the positive
results, resistance to danusertib treatment emerged during several
studies, but its ability in producing molecular complete remissions
of tumours was improved using combinations with traditional anti-
neoplastic agents [17].

Being  a relatively new drug, most references in the specialised
literature deal with clinical studies. The crystal structure of the Abl
kinase mutant in complex with danusertib has been resolved and
the mechanism by which danusertib may  be used to treat resistant
leukaemia cells explained [18]. However, considering the impor-
tance of danusertib as a chemotherapeutic agent, suitable analytical
procedures are required so that issues such as drug-drug or drug-
biomolecular complex interactions can be evaluated.

Electroanalytical methods are fast, inexpensive, and the investi-
gation of the electrochemical oxidation mechanisms of compounds
has the potential for providing valuable insights into their biolog-
ical redox reactions. Electroanalysis has been successfully used to
determine the redox mechanism of several pharmaceutical com-
pounds and to quantitate different types of drugs [19–24].
In  this context, the aim of the present study is the investigation
of the electron transfer properties of danusertib using a glassy car-
bon electrode and electrochemical techniques, cyclic, differential
pulse and square wave voltammetry. In order to understand and

dx.doi.org/10.1016/j.electacta.2013.09.017
http://www.sciencedirect.com/science/journal/00134686
http://www.elsevier.com/locate/electacta
http://crossmark.crossref.org/dialog/?doi=10.1016/j.electacta.2013.09.017&domain=pdf
mailto:victorcd@ipn.pt
dx.doi.org/10.1016/j.electacta.2013.09.017
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Scheme 1. Chemical structure of: (A) danusertib and (B) imatinib mesylate.

xplain danusertib redox reactions, its electrochemical behaviour
as compared with chemical analogues such as imatinib mesylate,

cheme 1B, and piperazine citrate. The analytical determination
f danusertib had been also carried by voltammetry and UV–VIS
pectrophotometry.

. Experimental

.1. Materials and reagents

Danusertib  from Selleck Chemicals, imatinib mesylate from
ovartis (Portugal) and piperazine citrate from Merck were used
ithout purification. All supporting electrolyte solutions, Table 1,
ere prepared using analytical grade reagents and purified water

rom a Millipore Milli-Q system (conductivity ≤ 0.1 �S cm−1). Stock
olutions of 5 mM danusertib and 1 mM imatinib mesylate in
thanol and 1 mM  piperazine citrate in deionised water were kept
t +4 ◦C until further utilisation. Solutions of different concentra-
ions of danusertib, imatinib mesylate and piperazine citrate were
btained by dilution of the appropriate volume in supporting elec-
rolyte.

Microvolumes were measured using EP-10 and EP-100 Plus

otorised Microliter Pippettes (Rainin Instrument Co. Inc.,
oburn, USA). The pH measurements were carried out with

 Crison micro pH 2001 pH-metre with an Ingold combined

able 1
upporting electrolytes, 0.1 M ionic strength.

pH Composition

2.0 HCl + KCl
3.4  HAcO + NaAcO
4.5 HAcO + NaAcO
5.7 HAcO + NaAcO
6.0 HAcO + NaAcO
7.0 NaH2PO4 + Na2HPO4

8.0 NaH2PO4 + Na2HPO4

9.2 NaH2PO4 + Na2HPO4

10.2 NH3 + NH4Cl
12.0 NaOH + KCl
ica Acta 112 (2013) 486– 492 487

glass electrode. All experiments were done at room temperature
(25 ± 1 ◦C).

2.2. Voltammetric parameters and electrochemical cells

Voltammetric experiments were carried out using a Compact-
Stat.e running with IviumSoft 2.124, Ivium Technologies, The
Netherlands. The measurements were carried out using a three-
electrode system in a 0.5 mL  one-compartment electrochemical
cell. A glassy carbon (GCE, d = 1.0 mm),  a Pt wire, and a Ag/AgCl
(3 M KCl) were used as working, auxiliary and reference electrodes,
respectively.

The experimental conditions for differential pulse voltammetry
(DPV) were: pulse amplitude of 50 mV,  pulse width of 100 ms  and
scan rate of 5 mV  s−1. For square wave voltammetry (SWV) a poten-
tial increment of 2 mV  and pulse amplitude of 50 mV were always
used. The frequency and consequently the effective scan rate are
indicated in the text.

The  GCE was polished using diamond spray, particle size 3 �m
(Kemet, UK) before each electrochemical experiment. After polish-
ing, it was rinsed thoroughly with Milli-Q water. Following this
mechanical treatment, the GCE was  placed in buffer supporting
electrolyte and differential pulse voltammograms were recorded
until a steady state baseline voltammogram was obtained. This
procedure ensured very reproducible experimental results.

2.3.  UV–VIS spectrophotometry

Absorption spectra were recorded using a UV–VIS spec-
trophotometer SPECORD S100 from Carl Zeiss Technology with
Win-Aspect software and a 10 mm quartz cuvette. The experimen-
tal conditions for absorption spectra were: integration time 25 ms
and accumulation 1000 points. All UV–VIS spectra were measured
from 200 nm to 400 nm.

2.4.  Acquisition and presentation of data

All differential pulse and square wave voltammograms pre-
sented were smoothed and baseline-corrected using an automatic
function included in the IviumSoft version 2.124. This mathemati-
cal treatment improves the visualisation and identification of peaks
over the baseline without introducing any artefact, although the
peak current is in some cases reduced (<10%) relative to that of the
untreated curve. Nevertheless, this mathematical treatment of the
original voltammograms was used in the presentation of all exper-
imental voltammograms for a better and clearer identification of
the peaks. The values for peak current presented in all graphs were
determined from the original untreated voltammograms.

Origin Pro 8.0 from OriginLab Corporation was used for the pre-
sentation of all the experimental data reported in this work.

3.  Results and discussion

3.1.  Cyclic voltammetry

The  voltammetric behaviour of danusertib at a clean GCE was
initially investigated in the potential range +1.40 V until −1.20 V, by
cyclic voltammetry (CV) in 0.1 M phosphate buffer pH = 7.0, in a N2-
saturated solution (not shown). Peaks were observed in the anodic
region showing that danusertib undergoes oxidation at the GCE
surface. For this reason, all subsequent experiments were carried

out in the anodic region.

The  oxidation of danusertib was  investigated by CV in solu-
tions of 50 �M danusertib in 0.1 M supporting electrolytes with
2.0 < pH < 12.0.
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Fig. 1. Cyclic voltammograms in 50 �M danusertib in pH: (A) 3.4, recorded between
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0.00  V and: +1.50 V (black) first and (dotted black) second scans, (red) +0.96 V,
nd (grey) +1.15 V, and (B) 5.7, (black) first and (dotted black) second scans;

 = 100 mV s−1.

Cyclic voltammograms recorded in a solution of 50 �M
anusertib in pH = 3.4 showed three consecutive anodic charge
ransfer reactions: peak 1a at Ep1a = +0.97 V, peak 2a at Ep2a = +1.03 V
nd a small peak 3a at Ep3a = +1.22 V, Fig. 1A. Reversing the scan
irection, a cathodic peak appeared at Epc = +0.85 V. By recording
uccessive voltammograms in the same solution without cleaning
he GCE surface, the decrease of all peaks was due to the adsorption
f danusertib oxidation products at the GCE surface, reducing the
lectroactive area. No additional signal was observed showing that
he oxidation products of danusertib are not electroactive.

In  order to clarify the origin of the cathodic peak at +0.85 V,
wo new experiments were carried out in the same solution always
ith a clean GCE surface. In the first experiment, the scan direction
as inverted at +0.96 V, which corresponded to peak 1a but before

ccurrence of peak 2a. No cathodic reaction was observed in these
onditions, Fig. 1A. In a new experiment, changing the scan direc-
ion at +1.15 V, i.e. after the occurrence of peak 2a but before 3a, the
athodic correspondent peak 2c appeared at Ep2c = +0.85 V, Fig. 1A.

Also, cyclic voltammograms were recorded in a solution of
0 �M danusertib in pH = 5.7, and peaks 1a, 2a and 3a were
bserved, Fig. 1B. The potential difference between peaks 1a and

a decreased relative to the voltammogram recorded in solutions
ith lower pH values, Fig. 1A, hence peaks 1a and 2a overlapped.
owever, after changing the scan direction, the cathodic correspon-
ent peak 2c appeared. Successive cyclic voltammograms were
Fig. 2. (A) 3-D plot of DP voltammograms base-line corrected in 5 �M danusertib
function  of pH of the supporting electrolyte. (B) Plot of Epa of peak (�) 1a, (�) 2a and
(�)  3a vs. pH.

recorded without cleaning the electrode surface and peak currents
decreased.

The effect of scan rate on the oxidation of danusertib was eval-
uated in pH = 7.0 (not shown). In these conditions, peaks 1a and 2a

merged and only one anodic peak was observed. Increasing the scan
rate the peak potential shifted to more positive values. The peak
current increased but the linear relationship log Ipa vs. log v with
a slope of −0.75 showed that the oxidation of danusertib involves
adsorption of the compound at the GCE surface. Also, an increase
of the ratio between the anodic and the cathodic peak currents was
observed.

Cyclic voltammograms recorded in solutions of danusertib in
supporting electrolytes with different pH values showed that
danusertib oxidation is pH-dependent.

3.2. Differential pulse voltammetry

The  pH effect on the electrochemical oxidation of danusertib
was investigated for electrolytes with 2.0 < pH < 12.0, using differ-
ent voltammetric techniques. DPV allowed lower detection limits
and a better visualisation of all redox processes. DP voltammograms
were recorded in solutions of 5 �M danusertib in electrolytes with
different pH values, Fig. 2A.

For pH < 5.0, three charge transfer reactions at peak 1a, 2a and

3a were observed, Fig. 2A. The peak potentials were pH depend-
ent and shifted linearly to less positive values with increasing
pH, Fig. 2B. For peak 1a, the relationship was Ep1a = 0.97–0.03 pH.
The slope of the line, −30 mV per pH unit, corresponded to a
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Fig. 3. DP voltammograms base-line corrected in solutions of danusertib: (A) 1 �M
in pH = 4.5 (black) first and (dotted black) second scans in solution, and (red) first
and (dotted red) second scans after transferring the electrode to the supporting
electrolyte,  and (B) 0.1 �M in pH = 5.7 (black) first and (dotted black) second scans
in solution. (For interpretation of the references to color in this figure legend, the
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At  pH = 2.0, three peaks 1a, 2a and 3a were observed, Fig. 4A. The
eader is referred to the web  version of the article.)

echanism in which the number of protons transfer is half of
he number of electrons. For peaks 2a and 3a, the relationships
ere Ep2a = 1.12–0.06 pH and Ep3a = 1.48–0.06 pH, respectively. The

lopes of −60 mV  per pH unit were in agreement with oxidation
eactions that involved the transfer of the same number of electrons
nd protons.

For electrolytes with 5.7 < pH < 9.2, only one, pH-dependent
eak was observed, Fig. 2A. The width at half height of the peak
W1/2) varied between 75 and 80 mV,  which is higher than the the-
retical value for a system that involves the transfer of 2 electrons
ut smaller than the value correspondent to 1 electron. The value
f W1/2 can be explained considering the overlapping of peaks 1a

nd 2a, Fig. 2B, each corresponding to the transfer of two electrons.
For pH > 10.0, peak 1a appeared at higher potential values than

eak 2a, Fig. 2A. In these conditions, the potential of peak 1a was
H-independent, Fig. 2B, suggesting an oxidation mechanism that

nvolves only the transfer of electrons after chemical deprotona-
ion. The value of pKa ∼ 10.0 of danusertib was determined.
Consecutive DP voltammograms were recorded in solutions of
ifferent concentrations and pH values, and after the transfer of the
lectrode to the supporting electrolyte, Fig. 3.
Fig. 4. SW voltammograms base-line corrected in 5 �M danusertib in pH: (A) 2.0
and (B) 12.0; It , If and Ib–total, forward and backward currents, f = 25 Hz, �Es = 2 mV
for  v = 50 mV s−1.

For pH = 4.5, the voltammogram recorded in 1 �M danusertib
showed both peaks 1a and 2a, Fig. 3A. By recording successive
voltammograms, no additional signal occurred showing that the
oxidation products of danusertib are not electroactive. After recor-
ding two voltammograms in solution, the electrode was washed
with a jet of deionised water and placed in the electrochemical
cell containing only buffer. The first voltammogram showed both
peaks 1a and 2a, Fig. 3A. On the second voltammogram recorded in
the same conditions, without cleaning the electrode surface, only
a small peak 2a occurred, Fig. 3A.

A similar experiment has been carried out at pH = 5.7, Fig. 3B. On
the first DP voltammogram recorded in 0.1 �M danusertib peaks 1a

and 2a overlapped, hence one peak occurred. On the second scan in
solution without cleaning the GCE surface a better visualisation of
both peaks 1a and 2a was  observed and their currents decreased.

3.3. Square wave voltammetry

In  SWV  the current is sampled in both positive and negative-
going pulses, oxidation and reduction peaks of the electroactive
compound can be obtained simultaneously, and the reversibility of
the electron transfer reaction monitored by plotting the forward
and backward components of the total current.

SW voltammograms were recorded in solutions of 5 �M
danusertib in electrolytes with different pH values, Fig. 4.
forward and backward components of the total current showed
peaks corresponding to oxidation at peaks 1a and 3a, and to oxi-
dation and reduction at peak 2a. This experiment confirmed that
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Fig. 5. (A) SW voltammograms in 0.05, 0.10, 0.15, 0.20, 0.25, 0.30, 0.35, 0.40, 0.45
and 0.50 �M and (B) UV spectra in 1, 2, 3,4, 5, 6, 7, 8, 9, 10 �M danusertib in pH = 7.0;
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Fig. 6. DP voltammograms base-line corrected in 5 �M:  (A) danusertib (black) first
and (dotted) second scans, and (B) imatinib mesylate (black) first and (dotted)
second  scans and (red) piperazine citrate, in pH = 4.5. (For interpretation of the ref-
.e.  represents the voltammogram recorded in buffer; the absorbance and the peak
urrent increase with solution concentration, respectively. For SW voltammetry:

 = 10 Hz, �Es = 2 mV for v  = 20 mV s−1.

anusertib oxidation at peaks 1a and 3a is irreversible whereas the
edox reaction at peak 2a is reversible.

At pH = 12.0, only peaks 2a and 1a occurred, Fig. 4B. The decon-
olution of the total current showed at peak 2a unequal values for
oth current and potential. This can be explained considering that
anusertib oxidation at peak 2a involve the formation of a product
hat undergoes homogenous chemical reaction. At the same time,
he irreversibility of danusertib oxidation at peak 1a was observed
ne more time.

.4.  Analytical determination

The  analytical determination of danusertib was investigated by
WV  and UV–VIS spectrophotometry, Fig. 5 and Table 2.

SW  voltammograms were recorded for standard additions
f danusertib corresponding to bulk concentrations between 50
nd 500 nM in pH = 7.0, Fig. 5A. The detection limit (LOD) was
etermined as the substance concentration that led to a peak
ith a height three times the baseline noise level, and was  cal-

ulated from LOD = 3 × S.D. × (sensitivity)−1. Using the equation
pa = Ipa(Cdanusertib), the obtained LOD = 27.4 nM,  Table 2. The quan-
ification limit (LOQ) is the lowest concentration of a substance
hat can be quantified with acceptable precision and accuracy.

 typical signal/noise ratio of 10 is generally considered to
e acceptable; therefore: LOQ = 10 × S.D. × (sensitivity)−1. Thus,

OQ = 91.2 nM was determined.

UV–VIS spectra were recorded for standard additions of
anusertib corresponding to bulk concentrations between 1 and
0 �M in pH = 7.0, Fig. 5B. Danusertib has shown three absorption
erences to color in this figure legend, the reader is referred to the web version of the
article.)

bands: at 204, 217 and 301 nm.  The well-defined absorption band
at 301 nm was used as analytical signal for the determination
of the calibration curve. Using the equations A = A(Cdanusertib),
LOD = 0.5 �M and LOQ = 1.6 �M were determined.

The reproducibility of these methods was evaluated by plot-
ting different calibration curves. The relative standard deviations
(R.S.D.), Table 2, calculated from the sensitivities of three calibration
curves were around 5.6% and 0.5% for SWV  and UV–VIS procedures,
respectively. It must be mentioned that each electrochemical mea-
surement was  done using a freshly polished GCE, a process that give
rise to small modifications of the electrode surface area which can
in turn cause variations in the oxidation currents, which was the
main source of error in the electrochemical procedure described.

3.5.  Oxidation mechanism

The  electrochemical oxidation of danusertib in acid media
showed three consecutive, pH-dependent charge transfer reac-
tions at peaks 1a, 2a and 3a, Fig. 6A. The potential of peak 1a is
pH dependent and its value increases with the pH following a
linear relationship of −30 mV/pH unit. Also, peaks 2a and 3a var-
ied with −60 mV/pH unit. The small potential difference between
peaks 1a and 2a, and their different variations with the pH, allow

peaks 1a and 2a to overlap in neutral and mild alkaline electrolytes,
Fig. 2B. For pH > 10.0, the oxidation at peak 1a turns pH indepen-
dent, and peaks 1a and 2a occur at distinct potential values, Fig. 2B.
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Table  2
Sensitivities, intercepts, limits of detection, limits of quantification and other linear fit parameters calculated from danusertib calibration curves obtained by square wave
voltammetry (SWV), Fig. 5A, and by UV–VIS spectrophotometry, Fig. 5B.

Method Sensitivity Intercept LOD LOQ R2 S.D. R.S.D.

T
d
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SWV  0.099 ± 0.002 nA/nM −3.789 ± 0.646 nA 

UV–VIS 0.024  ± 0.001 a.u./�M 0.001 ± 0.002 a.u. 

he behaviour described is consistent with the existence of three
ifferent electroactive centres in the danusertib molecule.

For  the determination of danusertib oxidation mechanism,
xperiments have been carried out in solutions of imatinib mesy-
ate and piperazine citrate, which present similar molecular
eatures with danusertib.

On  the first DP voltammogram in a solution of 5 �M imatinib
esylate in pH = 4.5, two consecutive charge transfer reactions
ere observed at +0.87 V and +1.22 V, Fig. 6B. On the second DP

oltammogram, the oxidation product of imatinib appeared at
0.32 V. Previous results have been shown that the oxidation of
matinib is irreversible and involves the formation of an oxidation
roduct that undergoes reversible redox reactions [19,20].

The  DP voltammogram recorded in a solution of 5 �M piperazine
itrate in pH = 4.5 showed one oxidation peak at +1.23 V, Fig. 6B.

Comparing  the voltammetric behaviour of danusertib and
matinib mesylate, Fig. 6A and B, and considering their chem-
cal structures, Schemes 1A and B, an oxidation mechanism of
anusertib is proposed. For pH < 10.0, the irreversible oxidation of
anusertib at peak 1a corresponds to the removal of two electrons
nd one proton from the amide moiety, Scheme 2A. This oxidation
eaction results in a nitrenium (aminylium) cation, in agreement
ith previous reports on the oxidation of amides [27–29]. For
H > 10.0, the amide group undergoes chemical deprotonation and

he oxidation involves only the transfer of electrons. The oxi-
ation of imatinib is similar, but the formation of a quinone
tructure [19,20] at the aromatic ring in the vicinity of the
mide group, Scheme 1B, explains the occurrence of the oxidation

cheme 2. Proposed oxidation mechanisms of danusertib at different electroactive gro
eak 3a.
27.4 nM 91.2 nM 0.997 0.903 nA 5.4%
0.5 �M 1.6 �M 0.996 0.004 a.u. 0.5%

product  observed for imatinib, Fig. 6A. In the case of danusertib,
this aromatic ring is absent, Scheme 1A, and no electroactive oxi-
dation product was  observed, Fig. 6A, hence the oxidation product
of danusertib undergoes a chemical reaction. It is proposed that
the nitrenium cation reacts with water in agreement with pre-
vious results [30,31], resulting in a N-hydroxy amide derivative,
Scheme 1A. On the other hand, the small difference (∼40 mV)
between the oxidation peaks of danusertib and imatinib, Fig. 6A
and B, is due to steric effects imposed by the uncommon moieties
in their structures.

The  voltammograms in the solution of danusertib in acid
media show the reversible charge transfer reaction at peak 2a,
Figs. 4A and 6A, which does not occur in solutions of imatinib,
Fig. 6B. It is proposed that this reaction is due to the transfer
of two electrons and two  protons from the pyrrolo-pyrazol moi-
ety, Scheme 2B, with the formation of an oxidation product that
undergoes reaction with water in alkaline electrolytes, Fig. 4B and
Scheme 2B.

For  peak 3a of danusertib, Fig. 6A and B, it is proposed that the
oxidation involves the piperazine moiety. The redox behaviour of
piperazine containing compounds has been previously reported
[22–26]. Considering that in acid media piperazine moiety is pro-
tonated (pKa1 ∼ 7 and pKa2 ∼ 3), the electrochemical oxidation of
danusertib at peak 3a occurs with the transfer of two electrons

and two protons from the nitrogen atom in the proximity of
the methyl group leading to the formation of iminium cation,
Scheme 2C, which is hydrolysed forming an amine derivative and
formaldehyde [26].

ups: (A) amide at peak 1a, (B) pyrrolo-pyrazol at peak 2a and (C) piperazine at
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. Conclusion

The electrochemical oxidation mechanism of the anti-cancer
rug and kinase inhibitor danusertib has been studied at a glassy
arbon electrode by cyclic, differential pulse and square wave
oltammetry. Three consecutive, pH-dependent charge transfer
eactions were observed in electrolytes with pH values correspon-
ent to acid media. For neutral and alkaline electrolytes one or
wo oxidation peaks occurred, respectively. The number of elec-
rons and protons involved in each step of danusertib oxidation

echanism, and the value of pKa ∼ 10.0 were calculated.
The analytical determination of danusertib was carried out by

quare wave voltammetry and UV–VIS spectrophotometry at 0.1 M
hosphate buffer pH = 7.0. The detection limits were 27.4 nM and
.5 �M,  respectively. The limits of quantification were calculated
nd the reproducibility of the methods was also evaluated.

The  investigation of compounds with similar structures such
s imatinib mesylate and piperazine citrate allowed the identifica-
ion of danusertib electroactive centres and a redox mechanism of
anusertib was proposed.
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