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dology for the simultaneous
determination of NMG-Sb(V), iSb(V), and iSb(III)
species by anion exchange liquid chromatography
in Glucantime® and its biological application in
Wistar rat urine†

Nicole Roldán, abd Danitza Pizarro, a Frederic Frezard,c Manuel Bravo,a

Marcelo Verdugo, d Noriyuki Suzuki,d Yasumitsu Ogra d and Waldo Quiroz *a

Several methodologies have been studied to determine the species of antimony (Sb) present in

Glucantime®. However, these techniques have certain disadvantages, such as a low resolution

between N-methylglucamine (NMG-Sb(V)) and inorganic pentavalent Sb (iSb(V)). Furthermore, there is

a problem regarding the stability of inorganic trivalent Sb (iSb(III)) during sample treatment. The main

aim of this work was to develop an analytical methodology for the separation of the Sb species of

NMG-Sb(V), iSb(V), and iSb(III) in Glucantime®. To achieve this, a methodology was developed based

on anion exchange high performance liquid chromatography hydride generation atomic fluorescence

(HPLC-HG-AFS) in gradient elution mode with different concentrations of Na2H2EDTA as the mobile

phase. The results show that 0.473 mM Na2H2EDTA should be used for 1.20 min as the first mobile

phase for the separation of NMG-Sb(V), which should then be changed to 20 mM for the elution of

the inorganic species. The results also reveal that the iSb(III) content may be underestimated when

sample filtration is used prior to the separation step. Instead of filtration, this study demonstrates that

adjustment to pH 9 and dilution with deionized water are a better strategy to determine the iSb(III)

content. This method proves to be reproducible for application in urine samples from rats injected

intraperitoneally with NMG-Sb(V).
Introduction

Glucantime® is a medicine used to treat leishmaniasis, which is
a parasitic disease that affects 12 million people worldwide with
a mortality rate of approximately 50 000 people.1,2 Glucantime®
and Pentostam® are the most commonly used medicines against
leishmaniasis, which have meglumine antimoniate (MA) and
sodium stibogluconate (SSG) as active compounds, respectively.3–5

Both drugs contain iSb(V), and Glucantime® contains an organic
Sb(V) complex with N-methylglucamine (NMG).6
iental, Instituto de Qúımica, Ponticia
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The nal compositions of MA and SSG solutions could not be
determined until Frezard et al. found out how to identify them
through an electrospray mass spectrometry (ESI-MS) analysis.
Pentavalent drugs are composed of ionic compounds, and in
the case of MA solutions, the anionic species were determined
as [(NMG-4H)SbV(OH)3]

� and [(2NMG-5H)(SbV)2(OH)8]
� 2H2O,

while [(2NMG-5H)SbV(OH)]+ and [(3NMG-8H)(SbV)2(OH)4]
+ were

determined as the cationic species. The antimonial structure
and the charge of these species depend on the pH and
concentration.4

Antimony speciation is important since the toxicity of this
element depends on its chemical structure. Sb2O3 is classied
as 2B in the IARC classication, whereas the pentavalent
compounds Sb2O5 and SbCl5 are not.7 From a toxicological
perspective, it is important to develop analytical methods for
the determination of Sb species in samples such as antimonial
drugs and urine. The urinary tract is a pathway that has already
been described for Sb excretion in humans aer the adminis-
tration of leishmaniasis drug.8,9 It has been reported that iSb(V)
is capable of transforming into iSb(III) due to its redox potential
in acidic environments10,11 and red blood cells,12 and this
transformation is harmful to humans.
J. Anal. At. Spectrom., 2019, 34, 203–213 | 203
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Most analytical methods for the determination of Sb species
have been performed by ion exchange chromatography. Among
the most widely used analytical methods for the separation and
detection of iSb(V) and iSb(III) are liquid chromatography
coupled to detectors such as ICP-MS and AFS.13–15 To date, these
analytical methods have mostly been applied to samples from
terrestrial ecosystems such as water, sediments, and soil.16–18

Analytical methodologies have been proposed to determine Sb
species in urine from patients treated with Glucantime® or
Pentostam®. However, some analytical problems have arisen,
such as a lack of sensitivity, dead-time elution, and low chro-
matographic resolution. In addition, the absence of certied
reference materials for Sb species in biological samples makes
it difficult to estimate the accuracy of the proposed methods.19

Two chromatographic methods have been reported for the
determination of Sb species in biological uids or leishmaniasis
drugs.20,21 Miekeley and colleagues carried out the rst study in
2002 using anion exchange chromatography (PRP-X100 Ham-
ilton, 150 mm � 4.1 mm id, Hamilton, USA) for the separation
and detection of iSb(V), iSb(III), and NMG-Sb(V), which was
coupled to ICP-MS. Disodium dihydrogen ethylene diamine
tetraacetate salt dihydrate (Na2H2EDTA) was used as the mobile
phase (2 mM at pH 4.7).20 The recovery rates obtained for the
trivalent species were 64–113% in urine and 88–96% in plasma.
The iSb(V) recovery rates were 72–117% in urine and 92–108% in
plasma, which indicates that the method is reliable.

However, it is important to emphasize that this recovery study
was carried out with inorganic species, and there has been no
recovery study on organic species. The separation of NMG-Sb(V)
and iSb(V) also had low resolution, which hampers the quanti-
cation of iSb(V). This co-elution can be explained by considering
that the molecular ion of the drug (NMG-Sb(V)) could be a cation
in solution and elutes before Sb(V), which is a single-charge anion
(Sb(OH)6

�). In urine, the results showed a metabolic bioreduction
of iSb(V) to iSb(III) within the organism, which may explain the
observed toxicity in patients treated with these drugs. However,
studies to uncover the toxicity mechanisms associated with this
species in organisms are still lacking.22

Seby et al.21 studied the differences in the levels of iSb(III)
found in Glucantime®. The reported iSb(III) levels in
Glucantime® were 0.2–15.5 mg mL�1.21 This divergence was
associated with either artefact formation during the sample
treatment or a hypothetical instrumental bias generated from
methods with low selectivity, such as electrochemical
methods.23–25 To determine the total Sb(V) content (iSb(V) + Sb(V)-
NMG), the authors proposed breaking the Sb(V)-NMG complex
by using HCl at different concentrations (0.1–5 M). They also
studied the stability of iSb(III) and iSb(V) in 5 M HCl. The
interconversion of iSb(V) to iSb(III)generated an overestimation
of Sb(III), which can be attributed to the reducing capacity of
HCl.21

As demonstrated, there is scarce information about the
distribution and transformation of Sb compounds in both bio-
logical uids and Sb(V) drugs, mainly because there are no reliable
analytical methods, and many analytical gures of merit still
remain unsatisfactory. Considering urine is the main route of
excretion of Sb in treated patients and the many unsatisfactory
204 | J. Anal. At. Spectrom., 2019, 34, 203–213
analytical gures of merit, the main aim of this work is to develop
an analytical method for the simultaneous determination of
iSb(III), iSb(V), and NMG-Sb(V) species in urine and Glucantime®.
Experimental section
Reagents and standards

Solutions were prepared in high-purity water (18 MU) from
a Nanopure system (Barnstead, Dubuque, IA, USA), and the
chemical reagents were of high analytical grade. The glassware
was cleaned with deionized water, soaked overnight in 10% (v/v)
HNO3, and rinsed with deionized water before use. Standard
solutions of iSb(V) and iSb(III) for chromatography were
prepared by dissolving the solid in deionized water daily and
stored in a plastic bottle at 4 �C until use. These solutions were
prepared from potassium hexahydroxo-antimonate (KSb(OH)6)
(Aldrich, 99.95% purity) and potassium antimonyl tartrate
K(SbO)C4H4O6H2O (Aldrich, 99.95% purity), respectively.

Glucantime® and MA were obtained from Sano (São Paulo,
Brazil) and donated by Frederic Frezard for the development of
the analytical method. For biological application in rats, MA
was prepared according to the method reported by Demicheli
et al. and was characterized by NMR-H, ESI-MS(+).26 This
method was used to analyze the purity (86 and 14% for NMG-
Sb(V) and iSb(V), respectively; ESI Fig. 1†).

Due to the high concentration of the Sb species present in
Glucantime®, the spike and recovery studies had to be carried
out with high concentration standards. For this reason, the
concentrated standards of NMG, iSb(V) and iSb(III) were
prepared by adding appropriate solutes to 10 mL of deionized
water at 40 �C under constant stirring. Aerwards, NMG, iSb(V)
and iSb(III) standards were stored in a plastic container at 4 �C
until use. Final injection solutions were all adjusted to pH ¼ 9.
It is important to mention that the concentrated standards
remained stable and no signicant transformations were
detected which was daily checked following the chromato-
graphic peaks of each species.

Both mobile phases (0.473 and 20 mmol L�1 Na2H2EDTA)
were prepared in the same manner. The mobile phases were
prepared the day before and sonicated for 40 minutes at 25 �C.
Both solutions were prepared by dissolving Na2H2EDTA$2H2O,
(p.a. Merck) in high-purity water. Hydride generation solutions
were prepared according to the method reported by De Gregori
et al. Briey, a carrier solution (3 mol L�1 HCl) was prepared
from concentrated hydrochloric acid (Merck). NaBH4 solutions
(3%, m/v) were prepared daily by dissolving an appropriate
amount of NaBH4 (analytical-reagent grade, Merck) in 0.4% (m/
v) NaOH solution (Merck).27
Instrumental conditions

Anion exchange HPLC was used for the separation and detec-
tion of Sb species based on previous work.13 HPLC was coupled
with an ICP-MS detector (Agilent Series 7700) for the determi-
nation of Sb species in urine, while HG-AFS was used as
a detector system for Glucantime®. The chromatography and
detection conditions are summarized in Table 1.
This journal is © The Royal Society of Chemistry 2019
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Table 1 Summary of the optimal chromatographic conditions for the
separation of Sb(V)-NMG, iSb(V) and iSb(III)

HPLC

For HG-AFS detection HPLC Jasco Easton, MD, USA PU-2089 S plus
model

For ICP-MS detection HPLC Prominence, Shimadzu, Kyoto, Japan

Column Hamilton PRP-X100 (100 � 4.6 mm id,
particle size 5 (mm)

Mobile phases First mobile phases: 0.473 mmol L�1 EDTA
Second mobile phases: 20 mmol L�1 EDTA

Flow rate (mL min�1) First 0.865 with rst mobile phases and
then 1.0 with second mobile phase

Injection volume 100 mL
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Sample treatment

Glucantime®. A stock solution of 300mgmL�1 Glucantime®
was prepared by diluting the Glucantime® sample to a nal
concentration of 50 mg Sb L�1, and the pH was adjusted to 9
before HPLC injection. The pH was adjusted by adding NaOH to
the sample until pH 9 was achieved.
Fig. 1 ummary of the developed analytical method.

This journal is © The Royal Society of Chemistry 2019
Animal experiments

All animal experiments were conducted according to the
Principles of Laboratory Animal Care (NIH version, revised
1996) and the Guidelines of the Animal Investigation
Committee, Chiba University, Japan (28–60, 28/01/2016).
Specic-pathogen-free (SPF) male Wistar rats (5 weeks of
age) were purchased from Japan SLC (Shizuoka, Japan) and
were housed in a humidity-controlled room maintained at 25
� 2 �C with a 12 h light–dark cycle. The rats were fed
a commercial diet (MF, Oriental Yeast Co., Ltd., Tokyo, Japan)
and tap water ad libitum. Three rats received a daily intra-
peritoneal injection of NMG-Sb(V) at a dose equivalent to
20 mg kg�1 body weight of total Sb for 5 days. Urine samples
were collected once a day from a metabolic cage and cover
device where the biological uid is transferred and accumu-
lated for 24 hours in a falcon tube. For the determination of Sb
species in rat urine, 2 mL of the collected urine was diluted
with 1 mL of deionized water before injection into HPLC
coupled with ICP-MS (HPLC-ICP-MS). The column was eluted
under the same conditions described above. The eluate was
introduced directly into the nebulizer tube of the ICP-MS.
121Sb and 123Sb isotope signals were always recorded.
J. Anal. At. Spectrom., 2019, 34, 203–213 | 205
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Fig. 2 HPLC-HG-AFS. Cationic exchange column: PRP-X200. Mobile phase: 50 mM ammonium phosphate. Continuous line – flow:
0.5 mL min�1, red: iSb(V) and blue: NMG-Sb(V). Segmented line – flow: 1.0 mL min�1, red: iSb(V) and blue: NMG-Sb(V).
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However, considering sensitivity, all gures of merit and
quantications were evaluated following the Sb peak at 121 m/
z. Neither the mobile phase nor the urine matrix caused
signicant problems in the performance of the speciation
method using a HPLC-ICP-MS hyphenated system.
Fig. 3 HPLC-HG-AFS. Anion exchange column: PRP-X100. Mobile phas

206 | J. Anal. At. Spectrom., 2019, 34, 203–213
Results and discussion
Chromatographic study

This study primarily focused on the separation and detection of
NMG-Sb(V) according to the work scheme presented in Fig. 1.
e: EDTA, 2 mM. (A) 5 cm column. (B) 10 cm column.

This journal is © The Royal Society of Chemistry 2019
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Table 2 Codification of chromatographic variables for screening and
optimization of the resolution of NMG-Sb(V)/iSb(V) and iSb(V)/iSb(III),
height/width ratio of NMG-Sb(V), iSb(V) and iSb(III) signals, and tR of
iSb(III)

Codied variables

Levels

(�)a �1 0 1 (+)a

Screening
Flow (mL min�1) (X1) 0.50 0.75 1.0
EDTA concentration (mM) (X2) 1.0 3.0 5.0
First step gradient time (min) (X3) 2.0 2.7 3.4

Optimization
Flow (mL min�1) (X1) 0.32 0.45 0.75 1.10 1.23
EDTA concentration (mM) (X2) 0.17 1.00 3.00 5.00 5.83

Paper JAAS

Pu
bl

is
he

d 
on

 1
6 

N
ov

em
be

r 
20

18
. D

ow
nl

oa
de

d 
by

 F
ai

l O
pe

n 
on

 7
/2

3/
20

25
 1

0:
35

:5
3 

A
M

. 
View Article Online
Our group reported the elution and detection of iSb(V) and
iSb(III) by anion exchange chromatography and detection by
atomic uorescence in previous studies.12,13,16,17 In the rst
stage, the stibine generation of the compound NMG-Sb(V) was
evaluated and compared with the iSb(V) signal, which our group
has reported previously (ESI Fig. 2†).

First, we tested the chromatographic behavior of the Sb
species on a PRP-X200 column (250 mm � 4.1 mm) with
a single mobile phase of 25 mM (NH4)2HPO4 and ows of 0.5
and 1.0 mL min�1. Aer that, 0.5 and 1 mL of the same mobile
phase (50 mM) were used. The generation of the NMG-Sb(V)
signal without the column was previously evaluated with an HG-
AFS system, which generated a high and stable signal. It is
necessary to consider that this column is a cation exchange
column, which could provide good results for NMG-Sb(V). It has
already been demonstrated that this compound can exist in
solution as a neutral or cationic species, depending on the
formation of the complex.28

We expected to observe an inversion in the order of elution of
iSb(V) and NMG-Sb(V) given the nature of iSb(V), which is an
anion in solution with lower affinity to the column than the
neutral or positive charge of NMG-Sb(V) in solution. The results
showed that Sb(V) does not elute with an (NH4)2HPO4
Table 3 Statistical significance for the screening factorsa

a Blue ¼ negative effect and gray ¼ positive effect. Y ¼ statistical signica

This journal is © The Royal Society of Chemistry 2019
concentration of 25 mM at 0.5 and 1.0 mL min�1, so the
concentration of the mobile phase was increased to 50 mM to
accelerate the elution of iSb(V). As can be seen in Fig. 2, at an
ammonium phosphate concentration of 50 mM, iSb(V) and
NMG-Sb(V) elute at approximately the same time in different
ows. Therefore, the option of separating the analytes under
these conditions was discarded.

The second approach was to study the chromatographic
behavior of NMG-Sb(V) by HPLC-HG-AFS in anion exchange
mode. This was performed using a 5 cm PRP-X100 column
(Hamilton PRP-X100, 100� 4.1 mm and 5 mm in diameter) with
a mobile phase of 20 mMNa2H2EDTA (pHmeasured: 4.3–4.5) at
a ow of 1.0 mL min�1. The analysis was performed under
previously published chromatographic conditions.12 The results
in Fig. 3 show that more than one chromatographic peak was
observed at different sample pH values in some cases, which
could be due to the partial dissociation of the NMG-Sb(V)
complex into iSb(V).

When using 2 mM Na2H2EDTA at a ow of 1 mL min�1, the
separation of the analytes is not satisfactory at any of the sample
pH values studied, as shown in Fig. 3A.20 To improve the reso-
lution, the same type of column but with a greater length of
10 cm was used to increase the theoretical plate number, and
the concentration of Na2H2EDTA was decreased to 1 mM. The
results are shown in Fig. 3B. The results clearly show that the
best conditions were 2 mM Na2H2EDTA and the longer column,
which made it possible to observe the separation of the analytes
at different pH. Thus, we conducted the screening and opti-
mization under these conditions.

Screening and optimization

A 23 fractional factorial design was carried out using
Statgraphics®, in which the coded variables were the mobile
phase ow (0.50–1.00 mL min�1), mobile phase concentration
(1–5 mM Na2H2EDTA), and gradient time (2–3.4 min). The
responses were the retention time of NMG-Sb(V) and Sb(V),
resolution, and height/width ratio of the analytes (Table 2). The
screening indicated that the ow and concentration of the
mobile phase were signicant variables, but not the gradient
nce and N ¼ no statistical signicance.

J. Anal. At. Spectrom., 2019, 34, 203–213 | 207
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Fig. 4 Response surface for the optimization of the width/height of Sb(V) and NMG-Sb(V) and resolution of Sb(V)/NMG-Sb(V).
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time (Table 3; the Pareto diagrams are provided in the ESI†).
Therefore, the gradient time variable was eliminated from the
optimization process.

In order to optimize the chromatographic conditions, it was
established that the ow should be evaluated in the range of
0.32–1.1 mL min�1, while the mobile phase concentration
should be evaluated between 0.17 and 5.00 mM Na2H2EDTA
(ESI Table 1†). The method was then optimized with the
following characteristics: central composition (2 central points)
where the codiable variables were the mobile phase, ow,
concentration, retention-time responses of the analyte, resolu-
tion, and width/height ratio. This step consisted of 60
Fig. 5 Separation of NMG-Sb(V), iSb(V) and iSb(III) by HPLC-HG-AFS und
100 mL loop).

208 | J. Anal. At. Spectrom., 2019, 34, 203–213
experiments, which were carried out for 3 consecutive days
(given that each analysis lasted 14 minutes in total).

A sensitivity check was always performed during the experi-
ments every day. The optimization shows that the best resolu-
tion conditions and width/height ratio for NMG-Sb(V)/Sb(V) were
a ow of 0.865 mL min�1 with 0.473 mM Na2H2EDTA (ESI
Fig. 3†) until the elution of the rst analyte (1.20 min), and then
the mobile phase should be changed to 20 mM Na2H2EDTA for
the elution of iSb(V) and iSb(III) with a ow of 1.0 mL min�1

according to a method used by Quiroz et al. (Fig. 4).13 The
chromatogram obtained under the optimum conditions is
shown in Fig. 5.
er optimized conditions (50 mg L�1 concentration of each species and

This journal is © The Royal Society of Chemistry 2019
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Sample treatment

Dilution conditions. A synthetic mixture of 50 mg L�1 NMG-
Sb(V), iSb(V), and iSb(III) was prepared in water and the mobile
phase at different pH values adjusted with HCl and NaOH. Aer
nding the best conditions, they were tested for Glucantime®. A
low resolution is observed when comparing the resolution in
Fig. 6 vs. the one in Fig. 5 with the synthetic standards, espe-
cially for the pair of NMG-Sb(V) and iSb(V). However, this
Fig. 6 Separation of NMG-Sb(V), iSb(V) and iSb(III) in Glucantime® by HP
Diluted with EDTA at pH 2, neutral pH and pH 9 (50 mg L�1 concentratio

This journal is © The Royal Society of Chemistry 2019
resolution always remained >1.5 except for the sample at pH 2,
at which the NMG-Sb complex (V) is dissociated. This shows the
great inuence of the sample pH on the chromatographic
gures of merit.

Only 2 peaks are observed at pH 2 in water and Na2H2EDTA:
one representing the co-elution of MA and iSb(V) and a second
peak representing iSb(III), as shown in Fig. 6. Due to this reso-
lution problem, this condition was discarded for the sample
LC-HG-AFS: (A) diluted with water at pH 2, neutral pH and pH 9. (B)
n of each species and 100 mL loop).

J. Anal. At. Spectrom., 2019, 34, 203–213 | 209
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treatment. NMG-Sb(V) is believed to be hydrolyzed at acidic pH
and separated from its iSb(V) component. Seby et al. made
a similar observation in 2012. All of the above results in an
increase in the iSb(V) signal. In addition, the iSb(III) peak
increases considerably, which may be explained by the partial
reduction of iSb(V) to iSb(III).21

At neutral pH and pH 9, the peaks of NMG-Sb(V)/Sb(V) were
well resolved. In addition, at pH 9, the peaks became
higher, and similar results were obtained in water or Na2-
H2EDTA. For simplicity of the sample preparation, calibra-
tion solutions and samples were prepared using water at
neutral pH.

Filtering step and Sb(III) stability

The Glucantime®matrix causes a change in the retention times
of iSb(III). For this reason, the identity was established using the
retention time obtained by adding the synthetic standards to
the drug matrix. Published sample-treatment protocols use
sample ltration before the HPLC separation step.20,21 The need
for ltration in this type of analysis is obvious for the separation
of particulate materials. However, in the case of iSb(III), this
stage must be applied with a criterion since it is known that the
molar solubility of iSb(III) is very low. There is also a possibility
that some Sb species form solid compounds with excipients of
Fig. 7 Chromatograms of Glucantime® by HPLC-HG-AFS prepared by
times.

210 | J. Anal. At. Spectrom., 2019, 34, 203–213
Glucantime® and would hypothetically be retained in the lter.
If this occurs, the quantication of these Sb species could be
underestimated.

Therefore, we evaluated the ltering stage while considering
that the dilution of the sample could cause solubilization of
eventual insoluble particles. Diluted samples were thus injected
without ltering to evaluate this option. As shown in Fig. 7,
there were 2 peaks corresponding to NMG-Sb(V) and iSb(V) for
the ltered sample. For the unltered sample, there was a third
peak corresponding to iSb(III). The results support our hypoth-
esis and show that the drug contains iSb(III), which is lost
during the ltering process.

The Sb(III) stability in Glucantime® was evaluated from the
spike and dilution until analysis, as shown in Fig. 7. The peak of
iSb(III) decreases considerably 10 minutes aer dilution, which
suggests that the sample should not be ltered and that it
should be analyzed as soon as it is ready for injection within
a period of less than 10 minutes. It is important to note that the
NMG-Sb(V) signal in Fig. 7 shows two peaks. This is not
surprising, considering that it is currently not known exactly
what chemical form this compound has in solution. As
mentioned in the theoretical framework, the existence of several
species is proposed, including both neutral and anionic species,
and the stoichiometry is undetermined.4
dilution with water at pH 9, filtered and unfiltered at different storage

This journal is © The Royal Society of Chemistry 2019
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Table 4 Analytical figures of merit for the optimized analytical method by HPLC-HG-AFS. The recovery was determined by adding 100 mg L�1 to
the Glucantime® matrix of each of the species separately

Retention time (min) r2 LOD mg L�1 LOQ mg L�1
Concentrations
determined mg L�1

% RSD
n ¼ 5 50 mg L�1

MA 1.20 � 0.03 0.992 22 67 99 � 3 4
iSb(V) 2.6 � 0.1 0.997 18 61 132 � 4 2
iSb(III) 6.9 � 0.1 0.990 33 111 137 � 6 6
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Figures of merit

Since there was no reference material, the recovery percentage
should be used as one of the tools for validating the method
(Table 4). Considering that the blank does not generate a chro-
matographic peak for the determination of LOD and LOQ, the
standard deviation of the blank (SDb) was obtained from the
standard deviation of the intercept. The values of LOD and LOQ
were obtained from the 3 � SDb/slope and 10 � SDb/slope by
applying the general denition of IUPAC.29 Precision (repeat-
ability) was determined as the relative standard deviation (%
RSD) of 5 independent injections. The matrix generated a shi
Fig. 8 Chromatograms of rat urine by HPLC-ICP-MS under optimized c

This journal is © The Royal Society of Chemistry 2019
in the retention times without affecting the order of elution or
the sensitivity of the signal. Hence, we recommend that the use
of standard addition is not necessary for the application of the
method. The concentration of native Sb species in Glucantime®
was quantied as 1541 � 10, 491 � 4, and 407 � 5 mg L�1 for
NMG-Sb(V), iSb(V) and iSb(III), respectively (mean � SD).

Application of the new speciation method in biological
samples

Three rats received a daily intraperitoneal injection of NMG-Sb(V)
at a dose equivalent to 20 mg kg-1 body weight of total Sb for 5
onditions: (A) rats 1 and 2. (B) Rat 3.

J. Anal. At. Spectrom., 2019, 34, 203–213 | 211
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days. Urine samples were collected once a day from a metabolic
cage and cover device where the biological uid is transferred and
accumulated for 24 hours in a falcon tube. Urine samples were
ltered with a 0.22 mm membrane lter, diluted and injected in
triplicate into the HPLC-ICP-MS with a pre-column system (PRP-
X100 Analytical Guard Cartridge Replacement Cartridges (5/pk),
stainless steel), and the PRP-X100 column had the same condi-
tions used for the separation of NMG-Sb(V), iSb(V), and iSb(III). The
retention times to determine the identity of each species were
obtained by standard addition.

No species stabilization method was used on the urine,
which means that the analysis was qualitative. This demon-
strates the applicability of the method with different detectors.
As can be seen in Fig. 8A, the urine samples from rats 1 and 2
show the presence of the NMG-Sb(V) species, iSb(V), and
smaller traces of iSb(III). In addition, the urine of rat 3 (Fig. 8B)
shows the presence of NMG-Sb(V) along with 2 additional
chromatographic signals, which could be assigned, in the
order of elution, to iSb(V) and iSb(III). However, the retention
times of these species do not coincide with those of the stan-
dards, and this shi is not explained by the precision of the
injection. Thus, they could be associated with unknown
species, and further studies would be required to discover
their identity.

Under the optimized chromatographic conditions, the
mobile phase of Na2H2EDTA is not recommended for an ICP-
MS detector. However, given the low initial Na2H2EDTA
concentration of 0.473 mM, this did not present a major
problem in terms of detector corrosion. The concentration of
the second mobile phase of Na2H2EDTA is 20 mM, and between
each injection, the column was reconditioned with 0.473 mM
Na2H2EDTA, which serves as a cleaning agent. In any case, if
applied to ICP-MS detectors, we recommend that this chro-
matographic method be conducted by performing hydride
generation prior to detection using HPLC-HG-ICP-MS, as we
have published in previous studies. This avoids ion overload
and sodium in the cones.

Although the administered dose of NMG-Sb(V) was the same,
the areas of the signals were different, as shown in Fig. 8. The
rats had free access to drinking water, and therefore, the
amount of urine generated and its dilution would necessarily be
different. Finally, in the case of the 3 rats, the injected NMG-
Sb(V) was partially transformed into iSb(V) and iSb(III). There-
fore, a possible metabolic route of NMG-Sb(V) should be studied
in the future.

Conclusion

The outcomes of our investigation show that NMG-Sb(V), iSb(V),
and iSb(III) species can be separated and detected with an Na2-
H2EDTA gradient using anion exchange chromatography. The
method showed good resolution and a short analysis time.
Regarding sample treatment, our results demonstrate that
Glucantime® samples must be diluted without ltering and
analyzed immediately to avoid the oxidation and loss of iSb(III).
The problem of iSb(III) stability must be considered in future
investigations.
212 | J. Anal. At. Spectrom., 2019, 34, 203–213
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 Electrospray mass spectrometry in positive mode
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