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Abstract

The work describes the construction, evaluation and analytical application of ion selective electrodes sensitive to penicillin-G antibiotics
for pharmaceutical products analysis. Different types of polymeric membranes based on PVC (poly(vinyl chloride)) and EVA (ethyl-vinyl-
acetate), without internal reference solution, were prepared using 5,10,15,20-tetraphenylporphyrinate (TPP) manganese(lll) (Mn(llI)TPP-CI)
as electroactive material. Different additives such as tetatylammoniumbromide (cationic additive) and sodium tetraphenylborate (anionic
additive) were incorporated into the membranes to evaluate their influence on electrodes performance. The comparison of the developed
detectors was based on general analytical characteristics, selectivity and lifetime. To accomplish the analysis of real samples, two selective
membranes composed of 33.0% (w/w) of PVC, 66.0% (w/wy-d0fPOE and 1.0% (w/w) of Mn(lIl)TPP-CI (type A) and 33.0% (w/w) of
PVC, 66.0% (w/w) ob-NPOE, 1.0% (w/w) of Mn(lll)TPP-Cl and 10% mol (relative to the molar concentration of Mn(IlI) TPP-CI) of sodium
tetraphenylborate (type B) were used. Type A electrode presented a linear response betws®l and 10 mol =2 for penicillin-G, a
slope of about-59 mV dec* and a reproducibility of about0.5 mV day?, while type B exhibited a linear response between 50~° and
101 molI-* for penicillin-G, a slope of about61 mV dec! and a reproducibility of about0.3 mV day®. The potentiometric analysis of
penicillin-G in pharmaceutical products was carried out by direct potentiometry and the results obtained were compared with those provided
by the HPLC reference method.

These membranes (type A and type B) were used to prepare tubular electrodes that were coupled to a sequential injection system (SIA)
and presented a linear range betweern 20~* and 1x 10-2mol ! and slopes 0f-59.3+ 0.8 and—57.3+ 1.2 mV dec?, respectively.

The tubular electrode constructed using type B membrane (type TB) was used to carry out the potentiometric analysis of penicillin-G in
pharmaceutical formulations. The proposed procedure enabled relative errors between 0.1% and=U2%nf a sampling-rate of about

25 samples per h.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction ture aB-lactamic ring and a carboxylic groupify. 1A). Due
to its large activity, this antibiotic is often used against both
Penicillin-G or benzylpenicillin is an antibiotic produced aerobic and anaerobic bacteria, being an important drug used
by Penicillium nonatummould, which includes in the struc-  in prevention and treatment of bacteria infecti¢his Its de-
termination in pharmaceutical formulations is very impor-

* Corresponding author. Tel.: +351 222078940; fax: +351 222004427, tant because penicillin-G is a relatively unstable drug and
E-mail addresscoutacristina@hotmail.com (C.M.C.M. Couto). quality control parameters are generally required in indus-
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ﬁ a manganese-porphyrifify. 1B) as ionophore. To evaluate
@—CHQ—C—NH @ S_ cH if the used porphyrin was acting as a charged or a neutral
j:[/ FCH 3 specie, different additives were added to the membrane com-
o7 N . C3_ o position, and electrode behaviour was observed and studied.
) 8 Polymeric membranes based on PVC (poly(vinyl chloride))

and on ethylene—vinyl-acetate (EVA) were constructed using
R the same ionophore, to evaluate the behaviour of the metal-
loporphyrins when occluded in different polymeric support.
In order to attain more expeditious potentiometric deter-
minations with less time and reagents consumption, the elec-
R R R= @ trodes were coupled to a sequential injection analysis (SIA)
system for the analytical control of penicillin-G in real sam-
ples. Besides improvement of general electrodes character-
istics, continuous flow techniques such as sequential injec-
(B) R tion analysis, used in this work, provides an easier handling
of samples and reagent solutions, higher sampling rates and

Fig. 1. (A)Penicillin-G chemical structure; and (B) Mn(Ill) TPP-Clchemical ~ Cleaner determination procedures.
structure.

try. Different methods are used for penicillin-G determina- 2. Experimental

tion in pharmaceuticals, namely iodometric titrations and

high-performance liquid chromatography (HPLC) with spec- 2.1. Reagents and solutions

trophotometric detectioff], potentiometry and amperome-

try using biosensorg3,4], and even potentiometric ion se- Analytical grade chemicals were used without any addi-
lective electrodes based on anion exchanfigrsodometric tional purification. All solutions were prepared by carefully
titrations are time-consuming and largely dependent on theweighing the corresponding solid followed by dilution with
operator, thus, providing less accurate re§altsHPLC tech- distilled and deionised water (conductivity < Q.8 cn1).
niques although highly sensitive, are relatively expensive,de-  The reagents employed in the preparation of sensor mem-
mand fastidious sample preparation and are characterized byoranes were as follows: manganese(lll)tetraphenylporphyrin
the use of toxic reagents. Potentiometric and amperomet-chloride (Mn(lII)TPP-CI, Aldrich) as ionophore,o-

ric determinations using biosensors, though being extremely nitrophenyl octyletherd-NPOE, Fluka) as plasticizer, high
sensitive, have several disadvantages such as short-term stanolecular weight poly(vinyl chloride) (PVC, Fluka) and
bility and high sensitivity to sample changes in temperature ethyl-vinyl-acetate (EVA, Bayer) as polymeric supports and
and pH. lon selective electrodes based on quaternary ammotetrafn-octylammoniumbromide (TOABr, Fluka)/sodium
nium compounds have been widely used in the determina-tetraphenylborate (NaTPB, Fluka) as additives. Tetrahy-
tion of a series of anionf§], although providing electrodes drofuran (THF, Riedel-de-Haen) and chloroform (CEICI
with lack of selectivity towards other anionic species present Merck) were the solvents employed for membrane
as interferents, as a result of a potentiometric mechanismpreparation.

based exclusively on the ionic exchange of anions in mem-  Benzylpenicillin sodium salt (penicillin-®la, Sigma)
brane. Once the selective electrodes based on ion recogniwas used in the preparation of standard solutions. A stock
tion electroactive species process involves both reversiblesolution of this salt was prepared daily by weighing the solid
and selective binding of ions, the design and synthesis of and dissolving it in a 0.05 mot NaH,PQy (Merck) solu-
new ionophores for organic species becomes an importanttion as ionic strength adjuster. Less concentrated solutions
area of sensors research. Metalloporphyrins are a class ofvere obtained after dilution of the previous one on the same
molecules that exhibit unique ionophore properties when in- solution, which was also used as electrolyte when carrying
corporated into plasticized polymer membranes, and have re-out the evaluation of the response characteristics of the elec-
cently been used inthe preparation ofion selective electrodestrodes and as carrier solution, to accomplish pH and ionic
forthe determination of salicylafé, 8], thiocyanat¢9], chlo- strength adjustment of the injected samples.

ride [10] and other organic and inorganic spedié$]. The In real samples, determined by HPLC method, the mo-
response mechanism of ion selective membranes based obile phase was constituted by KFAO, (Merck) (pH 3.5),
these compounds is not only dependent on ionic exchangedeionised water and methanol (Merck) in a proportion of
but also in the formation of ionophore—anion complexes pro- 10:54:36 (v/v/v). This eluent was also used for the prepara-
vided by metallic central atom, allowing electrodes with im- tion of penicillin-G standard solutions and phenylacetic acid
proved selectivity towards different aniofi]. These char-  (Sigma) internal standard solutions (0.2 mgm)l

acteristics of metalloporphyrins are exploited in this work on For samples preparation, an amount of powder was
the construction of penicillin-G selective electrodes, using weighed or a volume of suspension measured, which was
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Fig. 2. Sequential injection system: solenoid valve (SV); peristaltic pump (P); rotatory valve (RV); sample or standard solutions (S); hqldidy eaikte
(W); grounding electrode (GE); penicillin-G selective electrode (TE); reference electrode (RE); computer (C); and decimillivoltimeter (MV).

then dissolved in NapP0,0.05 mol -1, in order to obtain a In order to achieve maximum reproducibility of the aspi-
solution of penicillin-G with the unit content that fitted inthe ~ rated and forward volumes, a three-way NResearch 161 T031
linear range of the developed electrodes. (Stow, USA) solenoid valve was placed between the carrier
For the reference method, based on HPLC technijglje channel and the peristaltic pump. This valve was activated by
different sample preparations were adopted. Samples wereestablishing electric contact on an electronic switch placed in
prepared in order to have 50 mg of penicillin-G in 50 ml of a defined position of the rotating head of the peristaltic pump
eluent, to compare with the standard solution, which has the [15].
same quantity. All solutions were prepared just before use, ~The rotation speed of the peristaltic pump (P), the rotor
in order to avoid penicillin-G degradation. position of the eight-port valve (RV) and the solenoid valve
(SV) on/off switching were controlled through an Advan-
tech PCL-711B interface card by running software written in
2.2. Apparatus and electrodes Quick Basic programming language.
A chromatographic system (Merck Hitachi) composed of
A Crison 2002 pH potentiometer (sensitivity:0.1 mV) a Rheodyne model 7100 pump, a Rheodyne 7725i injector
coupled to an Orion 605 electrode switcher was used for (20pl loop) and a RP 18 chromatographic column (250 mm
measuring the potential differences between Orion 90-02-00 x 4 mm) packed with 1.m Lichrosorb particles was used.
double junction AgCI/Ag reference electrode and the indica- As detector, a diode array system (model 7455) was uti-
tor electrode. lized while the data was processed by incorporated software
The pH values of all solutions and the operational pH (model D7000).
range characteristics of the electrodes were determined with

a Phillips GAH 110 glass electrode. 2.3. Membrane preparation and electrode construction
A schematic view of the proposed SIA system is depicted
in Fig. 2 It comprised a Minipuls 3 Gilson (Villiers-le-Bel, The potentiometric sensor solutions were prepared ac-

France) peristaltic pump with a PVC pumping tube (i.d., cording to the procedure describdd6] by dissolving
1.65mm) of the same brand, a multiposition 8-port fluid se- metalloporphyrin-Mn(lIl)TPP-CI into the plasticizer solvent
lecting valve (RV) from Valco Instruments (Houston, USA), (0-NPOE). A solution of PVC (in tetrahydrofuran) or EVA
model Cheminert C15-3118E and a Crison 2002 pH poten- (in chloroform) was added to the previous one in order to
tiometer to which a 90-02-00 Orion AgCI/Ag reference elec- obtain the membranes. Some membranes were also pre-
trode (0.05molt! NaH,POy solution in the external com-  pared by incorporation of anionic or cationic additives to
partment) and a tubular detector were connected. This tubularevaluate their influence on the selectivity characteristics of
penicillin-G detector was constructed following the previ- the electrodes. As cationic additive was selected tetra-
ously described methodolog¥/3] and was also connectedto  octylammoniumbromide and sodium tetraphenylborate was
port 2 of RV with an 80 cm length tube. All tubular paths were chosen as anionic additive. Thus, polymeric membranes were
made of 0.8 mm i.d. PTFE tubing. The holding coil (HC) be- composed of 1% (w/w) Mn(llII)TPP-CI, 66% (w/vo}NPOE
tween the peristaltic pump and the rotary valve was 400 cm and 33% (w/w) PVC/EVA. Particularly, in the case of PVC
long and was coiled over a plastic net. Some home made de-supports, in some experiments, TOABr was also added as
vices, such as joint pieces, grounding electrode supports forwell as NaTPB in different proportions (s&able 1.

tubular and reference electrodes, as described elsejlldgre The selective membranes were applied dropwise over
were also used. the graphite conductive suppdft6] and membranes were
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Table 1

Membrane composition (%, w/w) of penicillin-G conventionally-shaped and tubular electrodes (TA and TB) constructed

Types AITA B/TB C D E F
Mn(II)TPP-CI 1 1 1 1 1 1
o-NPOE 66 66 66 66 66 66
NaTPB - 10% (moh 20% (molp - - -
TOABr - - - 10% (mol} 20% (mol}

PVC 330 33.0 33.0 33.0 33.0 -
EVA - - - - - 330

a Percentage given: molar amount of TOABr or NaTPB relative to the total ionophore concentration in the membrane.

dried at room temperature over about 12h and soaked in(penicillin G-benzathine); Prevacilifaforte (penicillin G-

0.01 mol I solution of penicillin-G for 2 h before use. The clemizol, penicillin G-Na); Prevacilifamega (penicillin G-

electrodes remained in contact with the same solution whenclemizol, penicillin G-Na); Atralcilin® Vet 10 (penicillin

notin use. ~ G-procaine); Atralmicin® Vet (penicillin G-procaine) and
Tubular detectors were developed afterwards according Atraimicind® Vet 12 + 12 (penicillin G-procaine). All phar-

to [13] using the membranes composition that presented themaceutical products presented their antibiotic contentin peni-

best characteristics observed for the conventional ones. Incjllin G units and for that reason results will be presented

this case, the resulting tubular detectors were conditionedin these units. Depending on the solubilities of the different

after coupling to the system and flowing through the above- penicillin G salts presented in the pharmaceutical formula-
mentioned solution at a flow rate of 0.1 ml mihfor the same tions tested (benzathine, procaine, clemizol or potassium)

period of time. different salt concentrations were prepared.
o For samples preparation, an amount of powder was
2.4. Sequential injection system weighed or a volume of suspension measured, which was

then dissolved in NapPO40.05 M, in order to obtain a so-

Initially the holding coil (HC) and the conveyance paths |ution of penicillin-G with the unit content that fitted in the
from the eight-port RV were all filled up with carrier solu-  linear range of the developed electrodes.
tion (Fig. 2). Then by selecting port 6 of the RV and posi-  For the reference method based on HPLC technjglie
tioning the peristaltic pump (P) in the propulsion mode car- different sample preparations were adopted. Samples were
rier was pumped until a detector stable signal was achieved.prepared in order to have 82,900 units of penicillin-G, to com-
Then, previous evaluation of hydrodynamic variables such pare with the standard solution, which has the same quantity.
as flow-rates and injection-volumes were performed in or- All solutions were prepared just before use, in order to avoid
der to guarantee analytical signals with intensity indepen- penicillin G degradation.
dent of injection-volumes and maximum sampling ffate].
Therefore, when optimum flow conditions were achieved, the
assessment of the tubular electrode behaviour as well as rea$, Results and discussion
sample analysis was performed. On these conditions, calibra-
tion curves were obtained by sequential aspirations of stan-3.1. Evaluation of conventionally shaped electrodes
dard solutions of penicillin-G from port 5 of the RV (140 characteristics
into the holding coil (HC) of the sequential injection mani-
fold. Then, port 6 was selected and the direction of the carrier  Metalloporphyrins behaviour varies according to the cen-
stream was reversed each injected solution being propellediral metal (M) that is inserted in the porphyrin ring. That
towards the detector during 100 s at a 3.8 mIMiflow-rate. way, a M(Il) porphyrin is expected to act as neutral car-
Solutions of penicillin-G with concentrations of4 104, rier, because the introduction of anionic sites in the mem-
3x 104 5x%x 104 8 x 10*and 1x 10~3mol -1 were brane provides a cationic potentiometric answer, while the
used as calibrating solutions, in which sample concentration addition of cationic species enables electrodes with a Nern-

fitted in. Therefore, following the same procedure, l46f stian slope toward aniond7]. On the other hand, M(IV)
sample was aspirated and propelled towards the detector angborphyrins exhibit a charged mechanism, and it was shown
the change of potential was registered. that the addition of lipophilic anionic sites to Sn(IV)TPP-
Cl, membranes sensitive to salicyldie] was required for
2.5. Sample preparation analytically useful responses toward anions. A M(lll) center

within a given porphyrin structure will enable the ionophore
Formulations of penicillin-G, commercialised in Portu- to act as either a neutral or a charged caffi&} depending
gal for human use and for veterinary applications, were on the number of negatively charged ligands on the metal
analysed. Different formulations were determined, namely: center. When two anionic ligands are present in the metallic
Lentocilin® S2400 (penicillin G-benzathine); Penaflur-A center, the metalloporphyrin generally acts as neutral; if in
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the coordination site is present a single anionic specie, the r 350 S
other being a neutral molecule like water, the metallopor- e

phyrin acts as charged. Therefore, the optimum mechanism =, TypeB
of these membranes can only be evaluated experimentally. 300 W TypeD

Thus, membrane sensors incorporating plasticized PVC and

EVA as polymeric matrix membranes with Mn(llIl)TPP-CI
ionophore were prepared with different additivéslgle 1

and their potentiometric characteristics were evaluated. A fi- 5
nal value of 1% (w/w) of Mn(lll)TPP-CI was selected for g
the preparation of all membranes once it was demonstrated
that an increase of ionophore in membrane provided elec-
trodes with slightly higher slopes and lower limits of lin-
ear response (LLLR) but with less reproducibil{iQ]. It

can be observed imable 2 that the developed membranes
for penicillin-G determination, based on Mn(lII)TPP-CI, ex- L 100
hibit different behaviour relatively to PLD, LLLR and repro-
ducibility. Type F membrane prepared with EVA as polymer

presented a slope 0£55.1 mVdec?l, as well as a lower 50 . .
sensitivity (higher PLD and LLLR) relatively to the PVC -5 -4 -3
membrane with similar membrane composition (type A). It log [penicillin-G]

can be observed that the type of polymer used to occlude
the sensor solution plays an important role on the potentio- Fig. 3_. Calit?r.ation curves qf membrgnes typeA(without additive), I.3_(wit.h
. . . anionic additive) and D (with cationic additive); the amount of additive is

metric response of the eI_ectrodes, especially when it CON~ ¢ qual in type B and D electrodes.
cerns to slope values and interference level, and that was also
demonstrated bj20] for the development of ISE sensitive
to tetracycline antibiotics based on sodium tetraphenylbo- change with the addition of both cationic and anionic ad-
rate. ditives thus evidencing a charged mechanism of response.

For type A membranes (without additive), PLDand LLLR  Second, the use of oppositely charged additives, such as
values are relatively lower than those presented for mem- TOABTr, favours the presence in the membrane of uncom-
brane types B and C (with NaTPB), but reproducibility seems plexed ligands in order to preserve the electro neutrality
to increase by the presence of increasing amounts of an-[21] and this favours dimerization of the ionophore. How-
ionic additive. PVC membranes containing TOABr (types ever, LLLR and PLD became worse and interferences also
D and E) evidenced a super-Nernstian potentiometric re- increased, as shown in previous wqfl®]. For those rea-
sponse (slopes 6f69.1 and-73.4mV dec!, respectively),  sons, these membranes were considered inadequate for di-
and characteristic calibration curvesid. 3), in which lin- rect potentiometry, especially for continuous flow condi-
earity is only present for concentrations above 2.40~4 tions, although their analytical characterization was useful for
and 9.1x 10~*molI~%, respectively. Besides, the repro- the assessment of the response mechanism of Mn(lll)TPP-
ducibility values presented by these units are considerably Cl.
worse than those registered for all the other electrodes. From  Types A and B units’ slopes are near-nernstian and that
this comparative evaluation two different conclusions were sensitivity makes them suitable for potentiometric determi-
made possible. First, the negative nature of the slope did notnation of penicillin-G in real samples.

Table 2

General working characteristics of the constructed ISE selective to the penicillin-G

Electrode type Slope (mV deé) LLLR (moll—1) PLD (mol I-1) pH range Reproducibility (mV day')

Conventionally-shaped electrodes
A —-59.1+ 1.1 2.0x 10°° 9.9x 10 3.5-9.0 +0.5
B —61.1+ 0.6 4.9%x 1075 3.0x 107 3.2-7.0 +0.3
C —62.9+0.7 4.0x 10°° 29x 10°° 3.6-6.5 +0.3
D —69.1+ 2.5 2.4x 1074 1.9x 104 a +2.1
E —73.4+28 9.1x 104 2.4x%x 1074 a +2.6
F —55.14+ 1.0 9.9x 1073 5.0x 10°° 4.7-75 +0.6

Tubular electrodes
TA —59.3+ 0.8 2.0x 104 1.5x%x 1074 a +0.3
TB —57.3+1.2 2.0x 104 1.5x 104 a +0.2

(a) This parameter was not evaluated.
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1601 . Typeh consequently, the potentiometric response of the electrode
140 o for penicillin-G~ ion may deviate from linearity. Therefore,
120 ° better responses to penicillin-G are expected at low concen-
100 trations of OH™ being adequate to work at an acidic region of

z o the pH potential response curve. The working pH chosen for

wi all measurement conditions was 4.5, which guaranteed, ac-
601 cording to the penicillin-G K5, that all analyte was present as
40 anionic specie. For type F electrodes, formulated with EVA as
20 1 polymeric membrane, a decrease in the operational pH range

0 , ‘ ‘ , , , was observed, especially for low pH values, which also limits
2 4 6 8 10 12 14 its analytical application.

One of the most important characteristics for ISE’s is its
Fig. 4. pH profile for types A, B, C and F penicillin-G electrodes in solutions .relatlve .reSpon.Se fgr the prlmary_lon over other IO”? presgnt
of 10-2mol I- of penicillin-G. in solution, which is expressed in terms of potentiometric
selectivity coefficients. The aim was the evaluation of po-

It has been reported previously that ionophores based ontentiometric selectivity of membranes containing no additive
transition metal complexes, such as metalloporphyrins, can(type A), different types and amounts of additives (types B,
exhibit significant pH sensitivity and cannot bind anionthem- C, D and E), as well as different polymeric membranes (types
selves at pH values higher than four due to their neutral- A and F). The logarithmic potentiometric selectivity coeffi-
ity [22]. Hence, the influence of pH on the potential val- cients, logKpen-c 0f some common inorganic and organic
ues of electrodes was evaluated for 0.01 méls$olutions anions were determined by the separated solutions method
of penicillin-G (Table 3. Typical results for the electrodes [23] (Table 3. For anion selective electrodes, it is well known
based on Mn(ll)TPP-CI are shown Fig. 4 The pH was that positively charged ionophores need lipophylic sites with
changed by adding concentrated sulphuric acid, or concen-the same charge of the primary ion, to improve character-
trated potassium hydroxide solution. As showfiahble 2 the istics as selectivity and reproducibilift7]. It is assumed
operational pH range decreases for electrodes prepared withhat the presence of a small amount of anionic species can
NaTPB, relatively to the one without additive, especially for stabilize the membrane, by complexation with the charged
higher values of pH. Probably the presence of anionic ad- ionophore. Only by the presence of strong ligands, equilib-
ditives favours the coordination of OHanion, instead of  rium will be shifted towards the free carrier, enabling the po-
the carboxylate anion, such as penicillin-G, with the metal tentiometric answef24]. When no additives are present, the
center. In fact, OH and penicillin-G™ ions coordinate com-  carrier has the possibility to react with strong ligands, but also
petitively with the metal center of the ionophore. It can be with less strong species, being less selective than the mem-
seen inFig. 4, that the response of the electrode is hardly branes with anionic additives. An interesting behaviour can
affected by pH changes in the range of 3.5-7.0. As the pH be observed by the introduction of NaTPB in the constructed
of solution increases, OHbecomes the primary ion and, electrodes. Comparing electrode types A and-ig).(5), it

Table 3
Potentiometric selectivity coefficients (I for two different concentrations (8 10~4 and 3x 10~3mol|-1)
Interferent vs. type of electrode A B C F
Sulphate —1.20+0.04 —1.67+0.03 —1.65+ 0.06 —1.04+ 0.05
—2.25+0.06 —2.64+0.02 —2.65+0.03 —2.14+0.05
Bicarbonate —1.144+0.03 —1.65+ 0.05 —1.544+0.05 —0.66+ 0.04
—1.754+0.08 —2.75+0.03 —2.454+0.08 —1.17+£0.05
Chloride —1.08+ 0.04 —0.98+ 0.06 —1.04+0.03 —0.83+0.02
—1.60+ 0.06 —1.33+0.07 —1.294+0.04 —1.46+0.01
Nitrate —1.00+ 0.03 —1.10+0.04 —1.35+0.03 —0.42+0.08
—1.524+0.03 —1.424+0.03 —1.75+ 0.02 —0.69+ 0.09
Nitrite —0.954+0.02 —0.84+0.03 —0.87£0.01 —0.61+ 0.07
—1.26+0.03 —0.994+ 0.03 —0.88+0.01 —1.07+0.04
Ampicillin —0.90+ 0.02 —0.95+0.03 —0.86+ 0.03 —0.77£0.02
—1.34+0.05 —1.294+0.04 —1.08+ 0.02 —1.18+ 0.02
lodide —0.17+0.03 —0.24+0.01 —0.42+0.02 0.56+ 0.08
—0.24+0.03 -0.32+0.01 —0.494+ 0.02 0.72+ 0.08
Salicylate 1.18+ 0.05 1.38+ 0.03 1.42+ 0.03 1.36+ 0.05
1.18+ 0.10 1.50+ 0.09 1.52+ 0.07 1.67+ 0.08
Thiocyanate 1.52 0.04 1.96+ 0.03 1.99+ 0.05 1.81+ 0.03
1.49+ 0.04 2.09+ 0.08 2.09+ 0.09 1.95+0.10

Stated values represent the mean and standard deviation obtained after two determinations performed with two electrodes.
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B 2.57 _ -SCN- Table 4
N 2 ——— e e ) Differences between electrodes based on Mn(III) TPP-Cl and anion exchang-
2 PPt — _ -5 ers (TOMAC and TBHDPB)
~ 154 — e e —_— . -
T o This work Referencgs]?  Referencd5]?
1 e
- ~NO, LLLP (moll~1) 49%x10° 63x10° 25x%x 1074
0.5 L . PLD (mol ") 3.0x10°° 1.0x10° 1.2x 1074
0 P ¢ _NO, Slope (mV dec?) —61.1+06 —49+5 —57+3
—_——— e _ _ L7 ;7 Response-time (s) 30 100 100
051 - — .7 _-HCO,
=T Interferents (logkP®)  <1.5 <27 <2.6
N oo Eiam T I I TN T T T AMP Salicylate <21 <3.5 <3.1
A45d —~o Tome T T T T Thiocyanate <1.42 <1.2 <1.2
- T h “CI i
> ~a i _,:f/’/’ N Nitrate <-0.32 <2.8 <2.8
7 N lodide
25] A B C F ~80%,

a Based on TOMAC (trioctylmethylammonium chloride).

b . . .
) . - Based on TBHDPB (tributylhexadecylph .
Fig. 5. Selectivity coefficients of penicillin-G electrode types A, B, C and F asedon (tributylhexadecylphosphonium bromide)

to a concentration of ¥ 10~4 mol =1,

is observed that the presence of anionic additives (type B),the construction of tubular electrodes for determination of
provide more selective units towards less interferents speciegpenicillin-G under flow conditions (types TA and TB), and
(sulphate, bicarbonate, nitrate and iodide) while the degree oftheir behaviour was assessed in the SIA system. To carry
interference increases for stronger ligands as salicylate andout this study, the electrodes were coupled to the sequen-
thiocyanate. Between electrode types B and C, with increas-tial injection system depicted iRig. 2 and evaluated using
ing concentrations of NaTPB (10% and 20% mol relatively 0.05mol -1 NaH,POy buffer solution as carrier.
to the ionophore), the same tendency is observed according Before application of the penicillin-G tubular electrode
to the relative quantity present in membranes. Therefore, theon the determination of real samples, some flow parameters
effect of the introduction of anionic species in membranes were optimized. After setting the flow rate at 3.9 mimin
for potentiometric determination depends strongly on the in- for 100 s (6.3 ml of propelled solution), injected volumes of
terfering species present in real samples. The use of EVAsample were investigated within 83 and 248A volume of
as polymeric support instead of PVC also influences the se-140ul was selected after considering linearity of the calibra-
lectivity characteristics of the membranes relatively to other tion curve, sensitivity and suitable mixing conditions. Vol-
anionic species present in solution (type F). Generally, it is umes smaller than 144 provided dispersion of the sample
observedFig. 5) that the extension of interference is higher zone and lack of linearity; while higher volumes required
for most of the determined interferent anions when compared more time to return to the baseline and more consumption
with those prepared with PVC, except for salicylate and thio- of reagents. Mixing conditions were evaluated in terms of
cyanate. It was also registered some sequence inversions fobaseline stability and shape of the analytical signals. In spite
species as bicarbonate and nitrdtig.. 5also shows thatio-  of providing a decrease in sampling rate, a propelled volume
dide interference becomes positive, while the selectivity of of 6.3 ml was required for baseline enhancement. Therefore,
PVC electrodes towards this anion was better. 100 s were necessary for the complete return of the analytical
It is also evident that the developed detectors sensitive peak to the baseline. General working characteristics of the
to penicillin-G exhibit better characteristics than those previ- electrodes were evaluated by making calibration curves on a
ously[5] constructed and based on anion exchangers, namelyrange between & 1075 and 102 mol |- (Table 2. It was
parameters such as interference level, response-time and sergbserved a decrease on the slope on both membrane types,
sitivity (Table 4. being —59.3mV dec?! for the membrane without NaTPB

3.2. Tubular electrodes behaviour in SIA Table 5
Comparison of analytical and system characteristics of penicillin-G selective
Continuous flow methodologies are characterized by the electrodes in SIA and batch analysis

injection of reduced volumes of sample in a flowing stream, SIA2type TB  Batch type B
which carries the analyte through a chemical detector. In flow sjope (mv dec?) _57.34+1.2 _61.14+ 0.6
injection apparatus, it occurs a physical dispersion of the sam-LLLR (mol %) 2.0x 10 4.9% 1075
ple zone within the carrier stream solution, leading to an ana- PLD (mol %) ) 1.5x 107 3.0x10°°
lytical signal, with reduced intensity, relatively to the one ob- Reproducibility (mvday ) +0.2 +03

. . . . Sampling rate (samplesh) 25 4
tained by conventional analys{@ﬁ]. Sample zone dispersion i pilization of electrode response (s) 15 30
depends largely on the aspiration volumes and flow-rates se-sample volume/analysig.l) 140 20000
lected, which influences reproducibility and calibration curve Reagent volume/analysig.lj 6330 20000

parameters. Because of their good analytical characteristics a optained with type TB membrane.
in batch, type A and type B membranes were selected for ° Obtained with type B membrane.
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Table 6
Determination of penicillin-G in commercial products with conventionally shaped electrodes and tubular electrodes
Penicillin-G formulation HPLC method Membrane A Relative Membrane B Relative Membrane TB Relative
error (%) error (%) error (%)
Lentocilin® S2406 794718+ 27404 808578t 52757 1.7 815912 45992 27 - -
Penadu?f L-A2 889203+ 35057 860474t 32447 -3.2 870170+ 75726 -21 - -
Prevacilin& forte? 535539+ 21791 4907241 17633 -8.4 485567+ 38193 -9.3 - -
Prevacilin® meg& 899850 34328 933962+ 36297 3.8 922453 62101 25 895743 34652 -0.4
Atralcilina® Vet1® 249.89+ 7.45 250.73+ 10.49 0.3 250.0% 19.07 0.1 251.9a- 2.46 0.8
Atralmicing® Vet? 152.56+ 4.62 153.12t 5.47 0.4 155.59- 4.33 2.0 150.792 2.62 -1.2
Atralmicing® Vet? 239.89+11.36 240.40t 12.98 0.2 238.9%:15.77 -0.4 240.12+ 2.04 0.1

a Average (mgg?l) + standard deviatiom(= 4).
b Average (mgmitl) + standard deviatiom(= 4).

(type TA) and—57.3+ 1.0mV dec? for membranes with 4. Conclusions
anionic additive (type TB). When compared to the corre-
sponding conventionally shaped electrodes (types A and B)  The study undertaken shows that the use of Mn(lll))TPP-
an increase on the PLD (¢ 10~*moll~1) and LLLR (2 x Cl, as ionophore, dissolved mNPOE as mediator solvent
10-*mol I-1) values was observeddble 2. and immobilized in PVC, can give rise to electrodes with good
In comparison to batch procedures, SIA presents severalrfeésponse characteristics for the penicillin-G, while being of
analytical advantages (sé@ble §. Sampling rate is six ~ €asy construction and simple use. The addition of cationic or
times higher and sample and reagents consumption is smalle@nionic additives to the sensory membranes as well as the use
than in batch, providing waste production significantly of different polymeric supports such as EVA can condition
lower. the behaviour of electrodes in respect to slope, operational pH
range, reproducibility, stability of response and selectivity.
The potentiometric analysis of penicillin-G in simple matrix
commercial products using ion selective electrodes is feasi-
ble, with a level of precision similar to that attained by HPLC

Penicillin-G determinations in different pharmaceutical 4 -4 Despite SIA being a preferable technique when rou-
preparations were performed on the previously prepared sam-

les by direct potentiometry with conventionallv shaned elec- tine control of formulations is required, some penicillin-G
Fr q y nd b pSIA with th yr tive tubul r{j " F; s, Th salts solubility limits its applicability to some pharmaceuti-

odesa y € respective tubuiar detectors. The cals, once tubular electrodes LLLR is higher than those salts
conventionally shaped units chosen reverted to type A and B

. o solubility. However, the low cost of analysis and the preci-
electrodes because they presented increased sensitivity of re- Y y P

. o > sion of results compared with the results provided by HPLC
zﬂggspepE?pYi:Sac:))l,-l%%Z?a?i%tﬁglt:Z:’];eé)rlcr)]dle Iibrlugﬁsbt?abr:lgi/ypemetmd justify the use of potentiometry as an alternative an-
TB was the one chosen because it provided results with bet—alytlca1I technique for the analysis of this type of products.
ter reproducibility, as well as lower response-time. In batch
determinations all samples were analysed by direct poten- Acknowledgements
tiometry method and the averages of the concentrations ob- 9
tained for each sample and corresponding standard devia-
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