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Abstract

An automated system for liquid—liquid extraction flow analysis (LLE-FA) for the determination of Sb(V) in antileishmanial drugs is presented.
The method is based on extraction in a 5 mL glass extraction chamber of an ion pair formed between hexachloroantimoniate anion and rhodamir
B cation into toluene. The detection system consists of a green light emitting diode (LED) and a photodiode. The system is controlled by a
microcomputer using a program written in Visual Basic 3.0. The extraction process was optimized and the following experimental parameters
were established: sample loop of 1b0; reagent loop of 90Q.L; stirring time of 100 s; phase separation time of 80s; volumetric ratio of 1:1
(agueous/organic). The method washouse validated for the determination of Sb(V) in meglumine antimoniate. The following performance
criteria were obtained: linearity of 0.9989, linear range of 710> to 7.2x 10~* mol Sb(V) L%, sensitivity of 1.61x 10° & 2 arbitrary units
L mol~! (P <0.05), intra-assay precision of 3.5%%&; 4.1x 10~*mol L~* Sh(V). Whereas the method is selective in the presence of Sb(lll),
As(lll) and Pb(ll) at concentrations up to one tenth of the concentration of Sb(V), As(V) interferes. The accuracy of the method was evaluated
through comparison of results obtained from analyses of pharmaceutical formulations by the proposed LLE-FA method with those obtained by
inductively coupled plasma optic emission spectrometry (ICP OES) and differential pulse polarography for total antimony and Sb(lll), nespectivel
The proposed method presented an analytical frequency of eight analysis per hour and is suitable for Sb(V) determination in the quality control o
drugs employed for the treatment of leishmaniasis.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction Several analytical methods have been described to determine
antimony in matrices like sediments, soil and vegetafigy,
Antimony preparations have been the drugs of choice fosteels and cast irorf§], biological materia[6,7] and pharma-
the treatment of Leishmaniasis for over 90 years. This diseaseeutical product§8-10]. Due to the fact that the toxicity of
currently affects 12 million people worldwide and is endemic inantimony depends on the oxidation state, methods that allow
88 countries on five continents with a total of 350 million peoplespeciation are recommended.
at risk. Meglumine antimoniate and sodium stibogluconate are Flores et al[11] described a method for the determination
the pentavalent antimonial drugs of choice employed in Frencbf trivalent and total antimony by hydride generation atomic
and English speaking countries, respectijély absorption spectrometry in pharmaceuticals used for the Leish-
The structure and mechanism of action of the antimoniamaniasis treatment. Bloomfield et §9] developed a method
drugs are not well known, contaminants such as trivalent antieising flow injection analysis for determination of pentavalent
mony, arsenic and lead have been detef2¢@dnd the quality antimony in sodium stibogluconate. Rath et al. reported a
control of these drugs has not been standardized. Thus, the devepectrophotometric method for the determination of trivalent
opment of simple, low cost, fast methodologies is importantantimony in meglumine antimoniate, where the pentavalent
especially for developing countries. antimony was determined after reduction with iodid®].
Even though, these methods are selective to the oxidation state,
the pentavalent antimony was usually determined indirectly.
* Corresponding author. Tel.: +55 19 3788 3084; fax: +55 19 3788 3023. 1raditional techniques, employed for the determination of anti-
E-mail address: raths@igm.unicamp.br (S. Rath). mony, such as atomic absorption spectrometry or inductively
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coupled plasma optical emission spectrometry, are not selecti&2. Instrumentation
for the antimony speciation.
Pentavalent antimony, as hexachloroantimoniate, reacts with An Shimadzu UV-vis spectrophotometer (Japan) was used
cationic dyes such rhodamine [&2,13], brilliant green[14] for obtaining the absorption spectrum.
and crystal violet[15], forming an ion pair that can be A Fisatom Magnetic Stirrer (Brazil) was used to mix the
extracted into an organic layer and determined by spectropholutions inside the extraction chamber.
tometry. However, side reactions occur and a lack of stabil- A Unique USC 700 ultrasonic apparatus (Brazil) was used
ity of the ion pair was usually verified, which results in low for sample pretreatment.
precision and inadequate accuracy of the method. Further- The polarographic measurements were carried out with a
more, manual liquid—liquid extraction procedures require thgotentiostat—galvanostat, Autolab PGSTAT30 Eco Chemie B.V.
employment of large volumes of solvents and involve labori-(The Netherlands). Platinum wire and a mercury drop electrode
ous and tedious procedures that turn the method unattractiveere used as counter and working electrodes, respectively, and
for quality control in routine analyses. These disadvantageall potentials were recorded against a Ag/AgCl, Kfgeference
can be overcome by performing the extraction in automateelectrode.
systems. The inductively coupled plasma optical emission spectromet-
In the literature several flow systems have been described faic (ICP OES) measurements were done with an Optima 3000
the automation of liquid-liquid extraction processes. KalbergDV equipment from Perkin-Elmer (USA).
and Thelandefl16] and Bergamin et a[17] proposed systems
to carry out liquid-liquid extraction in flow injection systems. 2.3. Flow analysis system
Based on these ideas different flow injection solvent extraction
systems have been propogé8-27]. Liquid—liquid extraction A diagram of the automatic system assembled to evaluate
has been evaluated employing monosegment continuous-flotkie liquid—liquid extraction procedure is shownhig. 1. The
analysis (MCA)[28,29], sequential injection analysis (SIA) systemis controlled by a microcomputer through a parallel inter-
[30,31]and multicommutatiofi32]. Recently, Diniz et al[33]  face (Advantech 711S) using a program written in Visual Basic
described an automatic system for liquid—liquid extraction using.0. The extraction chamber was made in glass with total capac-
a micro-batch extraction chamber for the preconcentration aniy of 5 mL. The propulsion of the Sb(V) standard solution or
determination of copper(ll). sample and the reagents were performed with a IPC—high preci-
The present paper reports a selective method for pentavalesion multichannel peristaltic pump (Ismatec) with Tygon tubes.
antimony determination in meglumine antimoniate, based osamples were injected using a proportional inje¢82. The
ion pair (IP) formation between a hexachloroantimoniate aniorrganic solvent (toluene, VETEC) was introduced into the sys-
and a rhodamine B cation with extraction of the IP into toluenetem by pumping distilled water into the reservoir (100 mL) of the
using an automated system for liquid—liquid extraction and aolvent. This procedure was employed in order to avoid contact
micro-batch extraction chamber. of this solvent with the peristaltic pump tubes. The detection
system used was a homemade detector consisted of a green
(560 nm) light emitting diode (LED) and a photodiode (Cen-

2. Experimental tronic, OSI5K)[35]. The detector is attached to the upper exit of
the extraction chamber, which consists of a glass tube with 2 mm
2.1. Reagents and solutions i.d. (optical path). The extraction chamber and the sequence of

the liquid—liquid extraction procedure is similar to that described

All reagents used were of at least analytical grade. Distilled-by Diniz et al.[33].
deionised water was used throughout.

A 1.00x 10~2mol L~1 stock solution of Sb(V) was prepared 2.4. Liquid—liquid extraction flow analysis procedure
by dissolving 0.6275 g of KSb(OH)99%, Sigma) in 250 mL
water. Working standard solutions of Shb(V) were prepared daily The operational sequence of the liquid—liquid extraction pro-
by dilution of the standard stock solution. cedure is summarized ifable 1.

A 1.00x 10-2mol L~! rhodamine B stock solution was pre-  Briefly, in step 1 the acid solutions of samples or stan-
pared by dissolving 0.47902 g rhodamine B chloride (Nucleargdards and rhodamine B are pumped through loops L1 and L2.
in 100 mL of a 6 mol I=1 HClI solution. This solution was stable The solenoid valves V1-V4 (NResearch Model 161T031; 12 V:
at least 1 month. 80 mA) and the magnetic stirrer are off. The extraction process

The Pb(ll) solution were obtained from a reference lead stanis started by commuting the proportional injector to the injec-
dard solution 1000 mgt! (Aldrich). Standard stock solution, tion position and the segment composed of the rhodamine B
1000 mg L= As(lll), was prepared by dissolution of 0.132 g acid solution and the standards or sample with Sb(V) are carried
As;03 (Merck) in 2mL NaOH (Merck) 20% (m/v); the solu- to extraction chamber E. When the segment reaches the optical
tion was acidified to pH 2 by adding HCI and diluted to 100 mL sensor SO2 (opto-switches, PCTS-2103, RS Compon@&als)
with water. Standard stock solution of 1000 ngtlAs(V) was  the V3 cycle valve is automatically turned on and a defined
prepared by dissolution of 0.418 g p#AsO4-7H,0 (Aldrich)  volume of toluene is added to the extraction chamber, step 2
in 100 mL water. (Table 1). During the addition of toluene, the mixture of sample
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Fig. 1. Manifold used to evaluate the liquid—liquid extraction procedure. C1 and C2, carrier solution (water); C3, carrier (air); SR1, rhodamine B acid solution; SR2,
sample or standard acid solutions; L1, reagent loops; L2, sample or standard loop; SV, organic solvent propulsion; F, organic solvent (toluene) reservoir; 0S1-0S
optical sensors; V1-V4, solenoid valves; E, extraction chamber; R, green (560 nm) light emitting diode (LED); D, photodiode; A, magnetic stirrer; B, peristaltic
pump; |, proportional injector; W, waste.

(Sb(V)), reagent (rhodamine B) and solvent inside the extracber is aspirated (step 7). To wash the extraction chamber valve
tion chamber is stirred for a period of 100 s for the formationV2 is turned on and valves V1 and V4 are turned off. Water
and the extraction of the ion-pair (step 3). After the extraction ofand air are pumped simultaneously to remove the residual solu-
the ion-pair, the agitation is stopped and 80 s are allowed for thion present in the extraction chamber (step 8). Agitation is
phase separation inside the extraction chamber (step 4). Vahearried out throughout all the washing time. Then, to remove
V2 is then turned on and the carrier stream is pumped througtihe residual washing solution present in the extraction cham-
the system to the extraction chamber, filling it and transportinger valves V1 and V2 is turned off and valve V4 are turned on
the less dense organic phase containing the ion-pair towards tiigtep 9).

detector (step 5). When the organic phase is sensed by optical

sensor SO3, analytical data acquisition is started (step 6). Atth5. Efficiency of the extraction in the LLE-FA system

end of signal recording, the organic phase is discarded througlvmpared with manual extraction

the up-exit, carried by the water stream. After this, valves V1

and V4 and the magnetic stirrer is turned on and valve V2 is The extraction efficiency of Sb(V) in the LLE-FA sys-
turned off. The residual solution inside the extraction chamtem was compared with that obtained using the manual

Table 1

Sequence for liquid—liquid extraction

Step Function Vi V2 V3 V4 Agitation Detection Air Water Organic solvent
1 Start Off Off Off off Off Off Pump Recycle Stop
2 Solvent injected Off Off On Off On Off Pump Recycle Pump
3 Extraction Off Off Off off On Off Pump Recycle Stop
4 Phase separation On Off Off Off Off Off Stop Recycle Stop
5 Carrier stream On On Off Off off Off Stop Pump Stop
6 Detection On On Off Off Off On Stop Pump Stop
7 Chamber emptying On Off off On On Off Stop Recycle Stop
8 Chamber washing Off On Off Off On Off Pump Pump Stop
9 Chamber emptying Off Off Off On Off Off Pump Recycle Stop
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extraction in a batch system, with a separation funnel, to whicl3. Results and discussion
9500l of 1.36x 10~3molL~! rhodamine B and 55QL
of 8.20x 10~3molL~! Sb(V) were added. The solution was  The formation of an ion pair between SiCland proto-
homogenized and 10 mL of toluene were added. The mixtureated rhodamine B was firstly described by Ramette and Sandel
was vigorously agitated for 60 s and after a rest time of 30 s[38].
in which phase separation occurs, the organic layer was sepa- Rhodamine B shows, in aqueous solution, an absorption max-
rated and introduced through the detection device of the LLEimum at 560 nm. In a strongly acidic solution (6 maiLHCI)
FA system. The analytical signals were compared with thos¢hree maxima at 465, 494 and 523 nm were observed. It was not
obtained after extraction of Sb(V) in the LLE-FA system, usingpossible to differentiate between free rhodamine B and the IP
a similar volume ratio of aqueous/organic phase and Sb(Viormed in aqueous acidic solution by spectrophotometry, due to
concentration. the fact that both species presents the same absorption maxima.
As a consequence, the determination of Sb(V) as an IP would
be only possible if the IP formed is separated from the aqueous
2.6. Influence of interferents layer before measurement.
] . o For this purpose, toluene was employed. In this solvent
For this study, solutions containing Sb(lll), As(lll), As(V) only the IP is transferred; the protonated rhodamine B remains
or Pb(ll), at two concentration levels (2.%310° and i the aqueous layer. It was also verified that the IP is not
2.73x 10_6.m0| L), were added to a 2.7% 107*molL™  gtaple in the organic layer. The IP decomposition reaction
Sh(V) working standard solution. The analyses were performeg,as monitored spectrophometrically and is a first-order reac-
as described in Sectidh4, using L2: 15@uL; L1: 900pL; con-  tion (INA=InAg — 0.00327+ 1, whereA is the absorbance

i i : -3 -1 - . : -
centration of rhodamine B: 8210 “molL™" in 6 molL at 560nm, the time andAo is the absorbance at initial
HCI; stirring time: 100 s; phase separation time: 80 s; volume Ofjmeg).

the extractor (toluene): 10QLL. It is also well known that Sb(Cd) is not stable in aque-

ous solution, where insoluble products such as Sb(O4)&te
formed by hydrolysis. These products do not react with rho-
damine B and in consequence the standard antimony working

. . . . I§olutions were prepared in 6 motL HCI just before use.
Samples of meglumine antimoniate, commercialized as5m

X Due to the fact that both species, Sb¢Cland the IP, are not
ampoules, were purchased from local drug stores in the State o{ le in th . h Wtical L
Sio Paulo, Brazil. Stable in the medium, the analytical determinations needs to be

An aliquot of the meglumine antimoniate contained in thecarrled out under rigorous time control to avoid lack of precision.

5mL ampoule is taken and diluted 1:100 (v/Av) with 6 mofi_ Thus, automation of the method is especially indicated.

- . X . For the development of an automated method for the deter-
HCI. The acidified sample is sonicated at 55kHz for 15min. . . . . .
Subsequently, the solution is diluted 6:100 (v/v) with 6 mofL mination of Sb(V) by LLE-FA (Fig. 1) the chemical reaction, as

HCL The diluted sample is immediately introduced into theWellasthe main variables that affect the extraction efficiency and
LLE.-FAs sterm accorgin rocedure deyscribed i1 Secidn detection of the IP were investigated. To optimize the conditions
. - o i ; . or extraction of the IP in the automated system, the followin
usin L2y15QL,L L1 90% pL concentration of rhodamn,ﬂe f - fthe IPin th d sy he following

B: 8g2>< 1'CT3 moI’Lfl-in 6rrl1LoI’L*1 HCI: stirring time: 100's; parameters were evaluated: HCI concentration (2—10 mbj,L

o ) )hase separation time (0-120s), stirring time (0-120s), aque-
ggggil_separatmn time: 80s; volume of the extractor (t0|ueneg'us/0rganic volume ratio (1.5:0.3) and Sb(V)/rhodamine B ratio

0.5:6.

2.7. Sample analysis by LLE-FA

2.8. Determination of Sb(IIl) by polarography 3.1. Analytical signal

according to the procedure described by Franco ¢33, using  toluene in the LLE-FA system. The base line is identified as A
2mol L~! HCl as supporting electrolyte. and corresponds to the signal generated when the optical path-

way is full of air. B1 and B1 correspond to the transmittance
signal of the organic phase (toluene) without and with the ana-
2.9. Determination of total Sb by ICP OES lyte, respectively, and C is the signal of the acidic aqueous phase.
The analytical signal is the difference (S) between B1 and B2
The total antimony content in the pharmaceutical formu-and corresponds to the absorption due to the IP in the organic
lations was obtained by ICP OES with an external calibraphase.
tion graph. The calibration graph was linear in the range of
10-120 mg ! Sb. For quantitation the following wavelengths 3.2. Effect of HCI solution on extraction efficiency
were employed: 206.8, 217.5 and 231.1 nm. The meglumine
antimoniate samples were diluted before analysis in 0.2% HCI The formation of the Sb(Gd) ion, as well as the pro-
(VIv). tonation of the rhodamine B and, consequently, IP-formation
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Fig. 4. Effect of stirring time on extraction efficiency. 8.200~3 molL~1
solution of Sh(V) and 8.2& 10-3 mol L~ solution of rhodamine B, both in
6 molL~1 HCI solution; L1: 50QuL; L2: 250uL; phase separation time: 80s;

aqueous/organic volume ratio: 0.5.
Fig. 2. Typical analytical signal obtained from LLE-FA Sb(V)determination.

() Blank and (l1) ion-pair in organic phase after liquid—liquid extraction of Lo . . .
4.1x 10-3mol L~! Sb(V) standard solution. A, air signal; B1, blank organic 3.3. Effect of stirring time on extraction efficiency

phase signal; B2, ion-pair in the organic phase signal; C, aqueous phase signal;

D, air-organic phase interface signal; E, organic-aqueous interface signal; S, The extraction efficiency depends on the stirring time in the

difference signal between blank (B1) and analytical solution (B2). extraction chamber. The stirring promotes contact between the
two phases, allowing transfer of the IP from the aqueous phase

to the organic layer. The effect of stirring time was investigated

depgnd on the HC,I concentration. The dependence on the fO%ver the range of 10-120s. The stirring velocity was maintained
mation and extraction of the IP was evaluated over the range Qg‘onstant at the maximum value of the magnetic stirrer used.

-1 ; 3 -1

2-10mol L= HCI. For this study, a 8.2 107" molL™" solu-  he resyits (Fig. 4) indicate that the analytical signal becomes
tion of Sb(V), which corresp?nds to1mg Sh(V) mlléprepareld constant after a stirring time of 100's, and this time was used in
in2,4,5, 6,8 and 10molt* HCl and a 8.2« 10~°mol L~ further studies.

solution of rhodamine B in 6 molt! HCIl were employed. The
reagent (L1) and sample (L2) loop were 500 and 250uL,
respectively, and the volume of toluene was 1pQ0resulting

Inan aqueous/organic volume ratio of 0.5. The liquid-liquid extraction process involves the distribution
The results (Fig. 3) indicate that the formation of the anionic q q P

ion Sb(Clx~ and the extraction efficiency of the IP from the of a solute betwee’.‘ tW.O immiscible liquid phases. The concen-
. S . .~ tration of the species in the two phases after the extraction is
agueous solution are maximized at HCI concentrations higher o . .
_1 represented by the distribution coefficient(KAfter vigorously

than 6 mol L+ N S :
stirring of the aqueous—organic mixture for 100 s, the solution
remained unstirred to promote the complete phase separation.
In this stage, the uncharged organic molecules (IP) remain in the
organic layer, while the charged, not complexed anion from the
ionized molecules remains in the polar aqueous layer.

The extraction efficiency will be independent of the original
concentration of the solute. The effect of time on the phase sep-
aration was investigated up to 120 s (Fig. 5). The results indicate
that equilibrium was reached after 60 s. For subsequent studies
a time of 80 s was established.

3.4. Effect of phase separation time on extraction efficiency

3.5. Effect of aqueous/organic volume ratio on extraction
efficiency

The effect of the aqueous/organic volume ratio on the
_ _ ' N extraction efficiency, in an extraction chamber of 5mL, was
Fig. 3. Esffect Plf HCI_ concentration on IP _extracnon efficiency. investigated. A volume of 750L aqueous phase (250- of
8.20x 10 °molL~+ solution of Sb(V) prepared with 2, 4, 5, 6, 8 or 8.2% 10-3 IL-1Sb(V d500.L 8.2 x 10-3 (L-Lrh
10molL~! HCl; 8.20x 10-3molL~! stock solution of rhodamine B ©-4% mo (V)an QL 8.2 mo rho-
in 6molL~1 HCI solution; L1: 50QuL; L2: 250uL; stirring time: 60s; ~ damine B) and volumes of 500, 1000, 1500, 2000 and 2300
agueous/organic volume ratio: 0.5. toluene as organic phase were used, giving aqueous/organic
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Fig. 5. Effect of time for phase separation on extraction efficiency.
8.20x 10~°mol L~* solution of Sb(V) and 8.2& 10-*molL~* solution of Fig. 7. Effect of the molar ratio of rhodamine B/Sb(V) on IP forma-
rhodamine B, both in 6 molt! HCI solution; L1: 50QuL; L2: 250uL; stirring tion and extraction efficiency. 41103 molL~ Sh(V) (L2: 450uL) and
timing: 60 s; aqueous/organic volume ratio: 0.5. 4.1x 10-3 mol L~ rhodamine B (L1: 225, 450, 900, 1800 and 3¢10; phase
separation time: 80s; stirring time: 100 s; 1.0 mL toluene as organic phase.
volume ratios of 1.5, 0.75, 0.50, 0.38 and 0.30, respectively.
The results are presentedfiig. 6. It can be observed that the of thodamine B/Sh(V) of 0.5/1, 1/1, 2/1, 4/1 and 6/1 were eval-
analytical signal decreases exponentially with the increase in thgxied. For this study the concentration of Sh(V) was set at
toluene volume, i.e., with the decrease of the aqueous/organj¢q . 10-3 mol L1 (L2: 450p.L). The quantity of rhodamine
volume ratio. The Sb(V) concentration in the pharmaceuticalnoduced in the extraction chamber was varied by changing
formulations is high (on the order of mgmt) and no  the yolume of the reagent loop (L1) from 450 to 36Q using
pre-concentration step is necessary. Thus, an optimal range §f4 1« 10-3mol L—! rhodamine B solution. According to the
1.5-0.75 for the aqgeous/organic volume ratio was establishgdgits (Fig. 7) the analytical signal increases up to a 1:1 rho-
and for further studies a value of 1.0 chosen. Higher volumegamine B/Sb ratio. When the concentration of rhodamine B is
of toluene (>100Q.L) affect the sensitivity of the method and pjgher than the Sb(V) concentration in the extraction chamber
smaller volumes (<500L) influence the linear range of the he signal becomes independent of the rhodamine B concentra-
analytical curve, where deviations from Beer's law at Sb(V)jon, even though the agueous/organic volume ratio increases

P 5 -1 . - K .
concentrations lower than:610™> mol L™" was observed. with the proportion of rhodamine B/Sb(V). The results indicate
. o _ that the IP has a stoichiometric ratio of 1:1. An excess of rho-
3.6. Effect of rhodamine B concentration in the formation damine B does not interfere in the Sb(V) determination.
of the IP

. . 3.7. Effici the extraction in the LLE-FA syst
The effect of the rhodamine B concentration on the IP- ]ﬁcwn.cy of the extrac ton m the system
compared with manual extraction

formation during the extraction was investigated. Molar ratios

The extraction efficiency of Sb(V) in the LLE-FA system
was compared with that obtained using manual extraction in a
batch system according to the procedure described in Section
2.5. It was verified that the extraction efficiency of the IP in the
manual batch system is lower (50.5%, R.S.D. = 7.i7/%?3) than
that obtained with the automated LLE-FA method. The lack in
precision of the manual extraction procedure could be attributed
to hydrolysis reactions.

3.8. Influence of interferents

Recently contamination of some commercial lots Mof
meglumine antimoniate with trivalent antimony, lead and arsenic
have been reporte@]. Due to this fact, an interference study
. . " was evaluated in order to verify if the presence of Sb(lll), As(ll1),
Fig. 6. Effect of the toluene volume on extraction efficiency. Two hundred andA v d Pb(l infl the det inati f Sb(V) by th
fifty microliters of 8.20x 103 mol L~ Sh(V) and 50Q.L 8.20 x 10~3 mol L1 s(V) an (I1) influence the determination of Sb(V) by the
rhodamine B, both in 6 moltX HCI solution; L1: 50QuL; L2: 250pL; phase ~ Proposed LLE-FA method. The possible interferents were added
separation time: 80s; stirring time: 100's. to a Sb(V) standard solution in a concentration ratio of 1/100 and
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Table 2 Table 3
Recovery of Sh(V) in the presence of potential interferents Validation parameters
Interferents Sh(V) concentration Sh(V) recovery R.S.D.  Linear range (mol 1) 7.0x105t07.2x 104
(molL—1) (%),n=3 (n=3) Linearity 0.9989
o > 73% 105 03 Sensitivity (au L mot?) 1.61x 10°
(i 2'; Xi s i 5 1'1 Intra-assay precision (% R.S.D.=5) 35
73x 107 0 -8 Sb(V) 4.1x 104 mol L1
As(lll) 2.73x 106 96 2.9 Detectability (mol 1=1) 2.9%x10°°
2.73x 10°° 102 1.8 - -
au, arbltrary units.
As(V) 2.73x 1076 114 0.8
2.73x 10°° 140 1.0 L . .
i) . The validation parameters are presentedidhle 3. The lin-
Pb(ll 2.73x 10° 104 0.7 ; P ; ;
rity, ran n nsitivity wer tained from an analytical
> 73 105 97 o4 earity, range and sensitivity were obtained from an analytica

curve using the external standard method with nine concen-
RAS-D-,felaﬁve standard deViaﬂOg- ) tration levels, with triplicate analyses. The linearity and the
Sb(V) concentration: 2.78 10~ mol L. sensitivity were expressed as the linear correlation coefficient

: : . and the slope of the analytical curve, respectively.
10/1 @s. Th I - '
07100 as described in Sect e results are presented The detectability of the method was calculated as

in Table 2. Whereas Sb(lll), As(lll) and Pb(ll) do not cause 5 _1 .
significant interference in the Sb(V) determination at the twoz'9>< 107> molL™". This value represents the lowest concen-

investigated concentration levels, As(V) enhances the analyticﬁatlon that could be detected in the extraction chamber of the

signal and leads to a positive error. Nevertheless, the concentr IF_eEs_(Ia:rﬁesgs;irg.tg?ﬁeiiﬁrm;atﬁznslig\g)i t;]?nr:'(e;trhg:nlssti[]uoetnt
tions of As(V) determined previously in meglumine antimoniateP ' J

were always lower than 0.1%, and, as this ion should not bgf t.he fprmulatpn and this param.eter Is notrequired for met.hod
. . . . . validation destined for the quality control of pharmaceutical
present in pharmaceutical formulations, it was not considered a
I Lo - products. Furthermore, the LOD would depend on the sample
potential interfering ion for Sb(V) quantitation. S )
dilution before analysis.
The selectivity of the method was evaluated by the interfer-

ence study previously described. No potential interferences were

The antimony in the meglumine antimoniate formulation isverified by the presence of other inorganic elements, as well as
complexed by the organic compouiemethylglucamine. Fur-  COnstituents of the matrix.

thermore, the structure and composition of meglumine antimo- 1ne accuracy of the method was evaluated through com-

niate is not completely elucidated, although results sugget ~ Parison of results obtained by the analyses of drugs by the

that a complex mixture of carbohydrate-antimony oligomerg®roPosed LLE-FA method with those obtained by inductively
coexist in solution. coupled plasma optic emission spectrometry and differential

It was verified that the Sb(V) needs to be liberated fromPulse polarography for total antimony and Sh(lll), respectively
the organoantimonial compound to undergo reaction with rho(Table 3). )
damine B. In previous work, it was found that ultrasound energy 1 he Proposed method presented an analytical frequency of
is suitable for this purpose. When the sample is only diluted witt£ight analysis per hour. The automated LLE-FA method is suit-
HCl and analyzed by the proposed LLE-FA method, recoverieé‘b'e,fo,r Sb(V) determination in the quality control of antileish-
lower than 72% were obtained. However, recovery rates highdpaniotics drugs.
than 92% were obtained if the sample is diluted 1:100 (v/v) with
6 molL~1 HCI and exposed for 15min on ultrasound energy3./1. Sample analyses
(55 kHz) before analysis.

3.9. Sample preparation

Samples of meglumine antimoniate used in Brazil for the
3.10. Validation treatment of leishmaniasis were analyzed. The products are
commercialized in 5 mL ampoules and according to the manu-
With the established experimental conditions for thefacturer, each ampoule contains 425 mgTthf N-meglumine
LLE-FA system, the method wa®-house validated for the antimoniate, which corresponds to 85 mg of Sb(V) ThLThe
Sh(V) determination in pharmaceutical formulations, usingSb(V) content in the samples were determined by the pro-
the following performance criteria: linearity, linear range, posed LLE-FA method and compared with values obtained
sensitivity, selectivity, intra-assay precision (repeatability),by the difference of the total antimony determined by ICP
detectability and accuracy. OES and the Sb(lll) content determined by polarography
The following optimized experimental parameters for the(Table 4).
LLE-FA method developed were used: volume of the extrac- For the different samples analyzed the Sb(V) content var-
tion vessel: 5 mL; sample loop: 15 ; reagentloop (thodamine ied from 89 to 110 mg mtL. The mean values obtained by the
B): 900uL; concentration of rhodamine B: 8:210-3 mol L~; proposed LLE-FA method and the difference between the total
stirring time: 100 s; phase separation time: 80 s; volume of thantimony determined by the ICP OES and the Sb(lll) determined
extractor (toluene): 1000L. by polarography did not differ significantly’ 0.05). In all
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