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a b s t r a c t

A new and simple method for the direct and simultaneous determination of Sb(III) and Sb(V) in meglumine
antimoniate, the first-choice drug for leishmaniasis treatment, was developed. Speciation analysis was
carried out using the quantitative separation of inorganic trivalent and pentavalent antimony on Dowex
1 × 4 resin from 1.5 mol l−1 hydrochloric acid solution. The inductively coupled plasma optical emission
spectrometry (ICP-OES) was used for determination of antimony. The interfering effects of As, Bi, Cd,
eywords:
peciation analysis of antimony
eglumine antimoniate

olid phase extraction
owex 1 × 4

Cu, Mn, Pb and Zn were examined and only Bi was found to be a significant interferent. The liberation
of Sb(V) and Sb(III) from organoantimonial compounds without changing of oxidation state was carried
out by means of 1.5 mol l−1 hydrochloric acid solution. The spike recovery values obtained for Sb(III)
in pharmaceutical sample varied from 92 to 100%. The method was successfully applied for the direct
determination of antimony(III) and of antimony(V) in meglumine antimoniate.
nductively coupled plasma optical
mission spectrometry

. Introduction

Leishmaniasis is a serious parasitic disease occurring in
he Mediterranean region, Africa, Asia, and Central and South
merica. For leishmaniasis treatment, antimonial drugs have
een applied for a long time. As the first, trivalent antimo-
ial drugs like: antimony potassium tartrate (Tartar emetic),
entasodium bis[4,5-dihydroxybenz-1,3-disulfonate]antimonate
Stibophen) and lithium antimony thiomalate (Antiomaline) for
his purpose have been used [1]. For the last 50 years, two pentava-
ent antimonial drugs, meglumine antimoniate (Glucantime) and
odium stibogluconate (Pentostam) as the first-choice medicines
or leishmaniasis therapy were used. Binding with organic molecule
s well as pentavalent oxidation state of antimony make these
rugs much less toxic, because inorganic forms of antimony are
ore toxic than the organic ones and antimony(III) is generally
ore harmful than antimony(V) [2]. In spite of existence of anti-
ony in less toxic form in actually using drugs, instability of these

rugs causes a risk of occurrence of some toxic contaminants. In
eglumine antimoniate, antimony exists as a mixture of pentava-
ent organoantimonial compounds [3], but also inorganic Sb(V) [4]
nd, worse, trivalent antimony as contaminants have been found
5–11]. Therefore, determination of trivalent and pentavalent anti-

ony in such pharmaceutical formulation is important.
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Several analytical methods have been proposed for monitoring
of antimony(III) and/or antimony(V) in antileishmaniotic drug of
meglumine antimoniate. The method of UV–Vis spectrophotom-
etry coupled with liquid–liquid extraction flow analysis (LLE-FA)
based on ion pair formed between hexachloroantimoniate anion
and rhodamine B cation was used for determination of Sb(V) only
[12].

Some of the methods applied for Sb species determination in
meglumine antimoniate were based on the direct determination
of only one species, obtaining the second one indirectly [5–8]. For
example, the concentrations of Sb(III) and total Sb (after reduction
of Sb(V) to Sb(III)) were determined by hydride generation – atomic
absorption spectrometry (HG-AAS) [5,6], as well as hydride gener-
ation – inductively coupled plasma optical emission spectrometry
(HG-ICP-OES) [7]. The measurement of Sb(III) content was based
on the assumption that the Sb(V) signal in citric acid was totally
suppressed and only Sb(III) was able to produce antimony hydride.
The concentration of Sb(V) was calculated from difference between
total Sb and Sb(III). Santos et al. [8] measured the concentrations of
Sb(III) and total Sb in meglumine antimoniate by using the method
of potentiometric stripping analysis (PSA) with the use of carbon
nanotube electrode. The Sb(V) concentration was obtained by cal-
culation.
For the direct Sb(III) and Sb(V) determination in meglumine
antimoniate, the methods such as: ion chromatography – induc-
tively coupled plasma mass spectrometry (IC-ICP-MS) [4], UV–Vis
spectroscopy based on the reaction of Sb(III) with bromopyro-
gallol red [9], UV–Vis spectroscopy [10] and adsorptive stripping

http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:wieslaw.zyrnicki@pwr.wroc.pl
dx.doi.org/10.1016/j.jpba.2010.02.009
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Table 1
Analytical parameters of the ICP-OES spectrometer.

Instrumental parameters

Spray chamber Cyclone
Nebulizer Burgener
RF power (W) 1000
Generator frequency (MHz) 40.68
Plasma gas flow rate (l min−1) 13
Auxiliary gas flow rate (l min−1) 0.20
Nebulizer gas flow rate (l min−1) 0.25
48 L. Łukaszczyk, W. Żyrnicki / Journal of Pharmac

oltammetry (DPAdSV) [11] (both with partial least squares (PLS)
egression and pyrogallol as complexing agent) were proposed
ntil now. Although the UV–Vis spectroscopy and DPAdSV were
uccessfully applied for the direct determination of antimony
pecies in meglumine antimoniate, the low selectivity can be a
erious disadvantage of these methods. The IC-ICP-MS is a method
f high selectivity, sensitivity and appropriate applicability for the
irect determination of antimony species. However, this method
annot be used for samples with the complex matrices and only
iluted solutions can be analysed. Therefore, the Sb(III) in meg-

umine antimoniate samples was not detected by this method,
lthough the Sb(III) content around 1% of the total Sb was found
y hydride generation – inductively coupled plasma mass spec-
rometry (HG-ICP-MS) [4]. Anyway the IC-ICP-MS is expensive in
aboratory use because of high cost of equipment and its mainte-
ance.

Solid phase extraction (SPE) is considered as an alternative tech-
ique to liquid–liquid extraction (LLE), but in contrast to LLE, SPE
voids exposure to and use of large volumes of organic solvents.
urthermore, owing to its versatility, SPE is used for matrix removal
s well as for separation and/or preconcentartion of species. In
ome particular application, SPE is a valuable tool for differentiation
f species of many metals and metalloids [13–15]. The coupling of
PE with sensitivity detected system as atomic absorption spec-
rometry (AAS), optical emission spectrometry (OES) or atomic
uorescence spectrometry (AFS), makes the direct speciation anal-
sis of Sb possible. It should be also emphasized that the use of
PE allows for storage of the samples for several days before detec-
ion with stability of the retained species [16], which is crucial in
peciation analysis and impossible by methods for antimonial drug
nalysis until now reported.

Due to higher reliability and more universal application in spe-
iation analysis, the methods enabling the direct measurements of
nalyte contents are superior in comparison to those based on indi-
ect determination. Furthermore, the indirect determination of Sb
pecies can not assure a high quality of results and lead to significant
rrors, especially if the Sb(III) and Sb(V) contents differ substan-
ially. Considering the global trends and requirements addressed to
nalytical methods, there is a strong need for development of direct
nd reliable methods being highly sensitive, economic, simple and
n agreement with green chemistry.

In comparison to previous studies, a simple, low cost, safety,
ensitive, and selective method was developed for the direct and
imultaneous determination of Sb(III) and Sb(V) in meglumine
ntimoniate using the SPE separation and ICP-OES detection. In
ddition, to the best of our knowledge, this work presents the first
pplication of SPE in analysis of meglumine antimoniate. This study
as carried out based on selective retention of chloro-complexes

f trivalent antimony on a strongly basic anion exchange resin,
nabling for Sb(III) separation from a high concentration of Sb(V).

. Experimental

.1. Reagents and samples

De-ionized water (18.3 M� cm) obtained from EASYpureTM

ystem (Barnstead, USA) was used throughout this study. All
eagents were of analytical grade. The stock 1000 mg l−1 solu-
ions of Sb(III) and Sb(V) were prepared by dissolving antimony
otassium tartrate hemihydrate (POCH, Poland) and potassium

exahydroxyantimonate (Riedel-de Haën, Germany), respectively,

n water. The working standards of antimony were prepared daily
rom their stock solutions. The single-element solutions of inter-
ering ions were prepared by dissolving appropriate amounts of
itrate salts of As(V), Bi(III), Cd(II), Cu(II), Mn(II), Pb(II), Zn(II)
Nebulizer pressure (bar) 3.0
Sample uptake (ml min−1) 1.3
Sample downtake (ml min−1) 1.0

(Chempur, Poland). The concentrated hydrochloric acid (Merck,
Germany) was used to prepare loading solutions as well as con-
ditioning and rinsing solutions. After SPE percolation and before
ICP-OES measurements, the solutions collected in the flasks were
acidified to 0.7 mol l−1 with Suprapure nitric acid (Merck, Ger-
many). The resin employed was Dowex 1 × 4-200 (Sigma–Aldrich,
Germany), a strong base anion exchange resin with 4% cross linking;
chloride ion form and 100–200 mesh size of particles. The glassware
and plasticware filled with 10% (v/v) of HNO3 were washed in ultra-
sonic bath during 30 min and rinsed several time by distilled and
de-ionized water consecutively. The sample of meglumine antimo-
niate (Glucantime), an injectable antimonial drug was analysed.
This pharmaceutical formulation, manufactured by Sanofi-Aventis
(France), was commercialized in 5 ml ampoules. Each ampoule of
the drug contained about 81 mg ml−1 of Sb(V) as meglumine anti-
moniate in aqueous solution.

2.2. Instrumentation

The Jobin Yvon sequential spectrometer ICP-OES (JY 38S)
with 1 m monochromator was used in measurements. The
instrumental parameters were summarized in Table 1. Determi-
nation of antimony and other elements was performed using
the following analytical lines: Sb(206.833 nm), Sb(217.581 nm),
As(197.262 nm), Bi(223.061 nm), Cd(228.802 nm), Cu(324.754 nm),
Mn(259.373 nm), Pb(220.353 nm), Zn(213.856 nm). Two analytical
lines of antimony were employed to ensure better quality of mea-
surements. The antimony concentrations presented in this study
were expressed as averages of the values from the both analytical
lines measured three times.

The ultrasonic bath, model Ultrasons-H from J.P. Selecta (Spain),
operating at 50 Hz, was applied here to test influence of the ultra-
sound energy on antimony liberation from organic complexes and
for cleaning of glassware and plasticware.

The column system was used for separation of antimony species.
A short glass column with the inner diameter of 10 mm and
length of 100 mm, ended with frit, was filled with suspension of
2.0 g of Dowex 1 × 4-200 resin in water. Before using, the column
was washed with 20 ml of water, next with 10 ml of 2.0 mol l−1

hydrochloric acid, and finally rinsed with 30 ml of water. The solu-
tions were passed through the resin at a flow rate of 1 ml min−1 by
using four-channel peristaltic pump (Perimax, Germany).

2.3. Sorption studies: influence of HCl concentration on Sb
retention

For the sorption studies, 10 ml of 8.0 mg l−1 Sb(III) or Sb(V)

standard solutions, prepared in 0.1, 0.5, 1.0, 1.5, 2.0, 4.0, 6.0, 8.0,
10.0 mol l−1 HCl, were passed through the columns. After sorption,
the resin was washed two times with 5 ml of the rinsing solutions
containing the same concentration of hydrochloric acid as the stan-
dard solutions passed.
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recovery of pentavalent antimony was not observed in the pres-
ence of examined ions at the interferent to Sb(V) mass ratio of 10.
Similarly, no effects were observed if the mixture of Sb(III) with
the interferents was investigated, with Bi exception. Bismuth(III)
caused a significant decrease of recovery of antimony(III), probably

Table 2
Effect of foreign ions on the recoveries of Sb(III) and Sb(V) in the presence of potential
interferents to Sb mass ratio of 10.

Element Recovery (%)

Sb(III)a Sb(V)a

As 95 106
Bi 56 102
Cd 94 100
ig. 1. Scheme of analytical procedure of antimony speciation in drug formulation.

.4. Separation procedure

For separation of inorganic antimony forms off-line procedure
as used. The volume of 10 ml of loading solution containing

.5 mol l−1 HCl was passed through the column. After solution per-
olation, the column was washed two times with 5 ml of 1.5 mol l−1

Cl solution. The retained chloro-complexes of antimony(III) were
luted with 10 ml of de-ionized water.

.5. Interferents

For this study, the working solutions of 8.0 mg l−1 Sb(III) or Sb(V)
ontaining 80.0 mg l−1 of As(V), Bi(III), Cd(II), Cu(II), Mn(II), Pb(II) or
n(II) were prepared in 1.5 mol l−1 hydrochloric acid solution and
he separation procedure (see Section 2.4.) was applied.

.6. Drug sample preparation

The analytical procedure of the drug analysis (Fig. 1) consisted
f two steps. The first was dilution of meglumine antimoniate to
:1000 (v/v) with 1.5 HCl, when Sb(III) and Sb(V) could be liber-
ted from organoantimonial compounds. The second step was a
ercolation of 10 ml of such solution through the column enabling
eparation of inorganic Sb(III) and Sb(V).

. Results and discussion
.1. Sorption efficiency of Sb(III) and Sb(V) as a function of HCl
oncentration

Conditions for quantitative separation of Sb(III) and Sb(V) on
owex 1 from HCl solution have been studied here. The results
Fig. 2. Effect of hydrochloric acid concentration on retention of Sb(III) and Sb(V) on
Dowex 1 × 4-200.

were shown in Fig. 2. In the concentration range of hydrochlo-
ric acid from 1.0 to 2.0 mol l−1, the sorption of antimony(III) was
practice quantitative (approximately 100%), while antimony(V)
was not taken up at all. Therefore, for the next study 1.5 mol l−1

hydrochloric acid was selected. It was found that with the use of
10 ml of water, total elution of the retained antimony(III) could be
achieved.

Taking into consideration the previous reports [17,18], it seems
most likely that at 1.5 mol l−1 HCl, Sb(III) may be retained on anion
exchanger as SbCl63− and SbCl4−, whereas Sb(V) could pass through
the resin without retention as Sb(OH)xCl(5-x)0 (aq).

3.2. Influence of interferents

In previous studies of some commercial meglumine antimoni-
ate samples, Al, As, Bi, Cd, Cu, Cr, Mn, Ni, Pb, Zn as contaminants
have been found [4,8]. Therefore, interferent effects were inves-
tigated here in order to evaluate an influence of foreign ions on
Sb(III) and Sb(V) recovery during anion exchange separation. Kraus
and Nelson [19] reported that using Dowex 1 no sorption of alu-
minum and nickel, and negligible sorption of chromium from HCl
solutions have been observed. Therefore, influences of As, Bi, Cd,
Cu, Mn, Pb, Zn were only examined.

The results presented in Table 2 indicated that the influence on
Cu 92 102
Mn 90 101
Pb 93 100
Zn 95 101

a Concentration of Sb = 8.0 mg l−1.



7 eutical and Biomedical Analysis 52 (2010) 747–751

b
p

M
I
w
Z
b

3

c
a
t
l
t
r
5
T
r

3
o

d
i
(
N
r
e
p
o

t
w
1
f
f
i
p
a
S

c
l
e
f
1
d
t

p
p
o
e
d
n

t
F
i
r
f
f

3.6. Sample analyses

The proposed method was applied for analysis of the commer-
cial antileishmanial drug samples. With five replicates, the mean

Table 3
Analytical performance parameters.

Analytical parameters Sb(206.833) Sb(217.581)

Working concentration range of
Sb(III) (mg l−1)

0.15–50.0

Correlation coefficienta 0.9998
50 L. Łukaszczyk, W. Żyrnicki / Journal of Pharmac

ecause of antimony oxysalt coprecipitation with bismuth oxysalt
recipitated during the water elution.

In addition to interference effects caused by the As, Bi, Cd, Cu,
n, Pb, Zn ions, their sorption on Dowex 1 × 4 was also investigated.

t was found that As, Cu, Mn totally passed through the column and
ere found in the effluent, while the total contents of Bi, Cd, Pb and

n were retained by the anion exchanger and, with exception of
ismuth, eluted with Sb(III).

.3. Working concentration range of Sb(III)

In order to check a level of antimony(III) concentration that
ould be retained on Dowex 1 × 4 and effectively separated from
n excess of Sb(V) by proposed method, the working concen-
ration range for trivalent antimony was investigated. In the
iterature it was reported that meglumine antimoniate (Glucan-
ime) may contain from 0.24 to 10.5 mg ml−1 of Sb(III) [5–11]. In our
esearch, the extended range of Sb(III) concentration (0.15, 1.0, 10.0,
0.0 mg ml−1) in the presence of 100 mg ml−1 of Sb(V) was studied.
he recoveries of Sb(III) in the examined working concentration
ange varied from 90 to 97%.

.4. Antimony liberation from organoantimonial compounds and
xidation state stability

The meglumine antimoniate is a complex mixture of carbohy-
rate–antimony(V) oligomers (Sb(V)-org) existing in equilibrium

n aqueous solution, with general formulas of (NMG–Sb(V))n–NMG,
NMG–Sb(V))n, (Sb(V)–NMG)n–Sb(V) [3,4,20], where Sb(V) and
MG represent pentavalent antimony and N-methyl-d-glucamine,

espectively. The mentioned complexes characterize by consid-
rable lability [3,5]. In order to apply the proposed separation
rocedure, Sb(V) as well as Sb(III) should be liberated from the
rganoantimonial compounds by hydrochloric acid dilution [6,9].

Trivelin et al. [12] reported that recovery of Sb(V) higher
han 92% was obtained if the meglumine antimoniate sample
as diluted 1:100 (v/v) with 6.0 mol l−1 HCl and exposed for

5 min on ultrasound energy (55 kHz) before analysis. There-
ore, the influence of sonication time on recovery of antimony
rom meglumine antimoniate with 1.5 and 6.0 mol l−1 HCl was
nvestigated previously diluting the drug 1:100 (v/v). The sam-
les after sonication were diluted 1:10 (v/v) to 1.5 mol l−1 HCl
nd treated according to the separation procedure described in
ection 2.4.

The recoveries of pentavalent antimony were expressed as a per
ent of the total antimony content, due to the fact that the pentava-
ent organoantimonial compounds are the major constituents of
xamined pharmaceutical formulation. The obtained recovery rates
or antimony(V) varied from 96 to 101% for the samples diluted with
.5 mol l−1 HCl without sonication, from 93 to 99% for the samples
iluted with 1.5 mol l−1 HCl with sonication and from 97 to 101% for
he samples diluted with 6.0 mol l−1 with and without sonication.

In order to stability control of antimony(III) during the sample
reparation, a recovery test for diluted (1:1000, v/v) drug sam-
les spiked with 2.0 mg l−1 of Sb(III) was applied. For the reason
f increasing of trivalent antimony concentration in drug samples
xposed on ultrasound energy, the recoveries of antimony(III) were
etermined after subtraction of the base value of Sb(III) received for
o spiked samples without sonication.

As shown in Fig. 3, the recoveries of Sb(III) were close to 100% for
he samples containing 1.5 mol l−1 HCl, without sonication activity.

or the samples exposed on ultrasound energy before analysis, the
ncrease in recovery rate of Sb(III) with the time was observed. The
ecoveries of Sb(III) varied from 105 to 130% and from 114 to 184%
or samples diluted in 1.5 and 6.0 mol l−1 HCl, respectively. There-
ore, for further analysis of pharmaceutical formulation, dilution
Fig. 3. Effect of the sonication time and hydrochloric acid concentration on Sb(III)
recovery from diluted 1:1000 (v/v) meglumine antimoniate samples spiked with
2.0 mg l−1 of Sb(III) standard.

1:1000 (v/v) with 1.5 mol l−1 HCl without sonication was used to
assure that Sb(V) will not be converted to Sb(III).

3.5. Analytical figures of merits

For the both measured analytical lines of Sb, some validation
criteria like: precision, linearity of external calibration graph, detec-
tion limit, specificity, accuracy and working concentration range
were evaluated. The analytical performance parameters were pre-
sented in Table 3.

The precision (repeatability) of measurements was expressed as
the relative standard deviation. The limit of detection was defined
as the concentration of analyte giving signals equivalent to three
times the standard deviation of the blank plus the net blank inten-
sity, for six independent replicates. The method was selective for
Sb(III) and Sb(V) determination in meglumine antimoniate samples
as conformed by the interferent study (Section 3.2).

Since the standard reference materials with certificated con-
tents of antimony species are not available a recovery test is a valid
alternative to check accuracy [21]. Therefore, for this study the
spike recoveries of Sb(III) were examined. Pentavalent antimony
is a major constituent of the drug, therefore the samples were not
spiked by Sb(V). Pretty good recoveries of Sb(III) in all instances
were obtained, as shown in Table 4.
Limit of detection of Sb(III) (�g l−1) 32 44
Limit of detection of Sb(V) (�g l−1) 42 52
Precision (% RSD, n = 5, concentration

of Sb = 8.0 mg l−1)
2.7

a Correlation coefficient of external calibration graph (0.10–100 mg l−1).
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Table 4
Determination of Sb(III), Sb(V) and total Sb in diluted (1:1000, v/v) drug samples.
Spike recovery data for Sb(III).

Sb(III) Sb(V) found
(mg l−1)a

Total Sb found
(mg l−1)a

Added (mg l−1) Found (mg l−1)a

0 0.20 ± 0.01 80.0 ± 2.1 81.2 ± 3.3
0.15 0.34 ± 0.01 80.4 ± 2.4 81.5 ± 3.0
0.50 0.66 ± 0.03 80.0 ± 2.3 82.9 ± 0.3
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2.0 2.20 ± 0.04 79.9 ± 3.0 82.3 ± 0.6
4.0 4.31 ± 0.11 79.7 ± 1.1 85.1 ± 1.2

a Mean ± standard deviation; n = 3.

alues of concentrations and their standard deviations for Sb(III)
nd Sb(V) were found to be 0.20 ± 0.01 and 80.0 ± 2.1 mg ml−1,
espectively. The mean concentration of the total antimony was
qual to 81.2 ± 3.3 mg ml−1 (n = 5) being in good agreement with
ontent given by manufacturer (81 mg ml−1 of Sb). As one may
asily deduce and see clearly from the results obtained here,
he Sb(III) contents can not be determined reliably from the
ifference between the total Sb and Sb(V) values, taking into
ccount standard deviation uncertainties. This fact substanti-
tes the development of methods to the direct determination
f Sb(III).

. Conclusions

The described work, in our knowledge, presents the first appli-
ation of the solid phase extraction on anion exchange resin
or speciation analysis of antimony in the commercial drug of

eglumine antimoniate. The proposed separation procedure of
norganic antimony species, as well as Sb(V) and Sb(III) liberation
rom organic compounds, were found to occur without chang-
ng of antimony oxidation states. It confirms that a kinetic of
xchange between Sb(III) and Sb(V) in HCl solution is rather slow
22].

The proposed protocol is distinguishable by such advantages
s: simplicity, reliability, low cost of analysis and selectivity. The
sing SPE permits a quantitative separation of Sb(III) from Sb(V).
he method can be applied to the direct determination of anti-
ony(III) in its wide concentration range, and determination of

ntimony(V) existing in large excess in pharmaceutical formulation
f meglumine antimoniate.
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