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Abstract

A flow injection analysis (FIA) manifold for the determination of penicillamine in pharmaceutical preparations is proposed. The manifold
includes a solid-phase reactor for the in situ production of the derivatizing reagent, Co(ll) ion, which forms a coloured complex with
penicillamine in an alkaline medium. The reactor is prepared by natural immobilization of cobalt carbonate on a polymer matrix, which
endows it with a high mechanical and microbiological stability. The cobalt released by passage hfa*5nol I=* sulphuric acid stream at
a flow-rate of 2.3 mImin! is merged with a volume of 314l of sample containing penicillamine in ammonium—ammonia buffer at pH 9.5
to measure the absorbance at 360 nm. Beer’s law is obeyed over the penicillamine concentration range S-80enlirhit of detection
(LOD) of the method is 1 mgt and its throughput 70 samplesh
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction by use of non-separation flow techniques (largely FIA,
but also SIA[5]) in conjunction with spectrophotomet-

Penicillamine (3,3-dimethylcysteine) is the main product ric [5,7,8], fluorimetric [12], electrochemica[13-15] and
of the decomposition of penicillin antibiotid¢4]. It is typi- chemiluminescence-basgib—18]detection.
cally used to treat Wilson’s disease—which results fromthe  Spetrophotometric flow injection methods for the deter-
presence of exceeding high concentrations of copper in themination of penicillamine rely on the formation of coloured
body, rheumatoid arthritis, cystinuria and lead poisoning.  chelates with various metal cations (Sesble 1. This ap-

The presence of a thiol, amino and carboxyl group in this proach was also used in this work; however, the metal cation
compound provides a number of ways of interacting with employed as reagent was obtained in situ by using a solid-
organic[2—4] and inorgani¢5-9] species or botfl0,11], in phase reactor.

a variety of complex formation and redox reactions thatyield =~ The advantages of inserting a solid-phase reactor into a
some spectrophotometrically active product. continuous-flow manifold were discussed in previous papers
There have been many attempts at automating the de-{19-22] Worth special note is the ability to simplify man-
termination of penicillamine in pharmaceutical preparations ifolds, save reagents, implement cleaner chemistries, raise

the sensitivity and throughput, reduce labour and, frequently,
* Corresponding author. Tel.: +34 96 354 4062; fax: +34 96 354 4062.  decrease the release of excess reagents as waste. Solid-phase

E-mail addressjose.martinez@uv.es (J. Marez Calatayud). reactors have proved economical, stable, reproducible long-
URL: http:/fwww.uv.est-martinej/, life supplies of reagents. This work confirms the advantages
http://www.uv.estmartinej/FlowAnalysis. . . .

of using solid reagents in flow systems. The reactor used
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Valencia, Valencia, Spain. [19] contained cobalt carbonate immobilized on a polymer
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Table 1
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Comparing the proposed flow procedure vs. other spectrophotometric procedures for penicillamine determination

References Flow modality Derivatizing reagen ( Linear range (mgil) Sample throughput ()
[5] Sequential injection Fe(lll) complex in HCI (600 nm) 25-300 48
[7] FIA Pd(Il) complex in HCI (400 nm) 1.5-104 -
[8] FIA Co(Il) complex in ammonium 15-300 (peak-height) 7.5-14900 150
acetate (360 nm) (peak-base-width)
Proposed FIA procedure FIA Co(ll) complex from a 5-60 70

solid-phase reactor in buffer at

pH 9.5 (360 nm)

matrix. Cobalt(ll) ion was released from the reactor by con-

tinuously circulating a dilute solution of sulphuric acid, and

2.3. Procedures

the complex formed between the cation and penicillamine in 2.3.1. Preparation of the solid-phase reactor

an alkaline medium was monitored at 360 nm.

2. Experimental

2.1. Reagents

The reactor was prepared according to the procedure for-
merly published[19]. The filling particles were prepared
as follows: 30g of CoC@6H,0O was mixed with 30g of
the polymer resin solution Al-100 (from Reposa) by man-
ual stirring, and then 1.2g of ethyl methyl ketone was
added and stirred until polymer became too rigid; final ratio
CoCGQs:resin was 1:1. After drying for 2-3 h at room tem-

All reagents were of analytical grade unless stated oth- perature, the solid was broken with a hammer and ground in
erwise. Aqueous solutions were prepared in pure (reversea coffee grinder. Particle size 100-200 was selected by
osmosis) and de-ionised water (system Sybron/Barnsteadsieving, washed and dried at 80, sieved again and stored.

Nanopure Il provided with a filter 0,2m pore size). Peni-

The solid-phase reactor was prepared by filling a PTFE tub-

cillamine was obtained from Fluka. Other reagents were: ing (14 cmx 1.5mmi.d.). The empirical study on the reactor

H2SO4, CoCG;-6H20, NaOH, NH,Cl, N&pB4O7, NagP Oy,

stability revealed constant analytical outputs at least during

NHs, p-glucose and lactose 1-hydrate all from Panreac, 6.5h, which was equivalent to 450 determinations.
saccharin, starch, magnesium stearate and sucrose all from

Guinama and sucrose from Boehringer. Polyester resin Al-5 3 5 proposed flow injection method for penicillamine
100-A from Reposa and catalyst (ethyl methyl ketone perox- yetermination

ide) from Azko.

2.2. Apparatus

The flow manifold, depicted ifig. 1, comprised a Rheo-
dyne 5041 injection valve and a peristaltic pump Minipuls
2 (from Gilson). All tubing (Omnifit) was 0.5mm inter-

The flow injection assembly is depicted fig. 1. Three
hundred and fourteen microliters of sample (a solution of
penicillamine in NH*/NH3 buffer 0.02 molt? at pH 9.5)
was inserted into a stream of water at 2.4 mIThinQo)
and merges with the Co(ll) solution from the solid-phase
reactor, liberated by a solutiors510~4 mol |1 of sulphuric
acid flowing at 2.3 mImin? (Q;). The resulting mixture is

nal diameter, except for the solid-phase reactor, which waspumped to the detector flow cell trough a 100 cm reactor and
1.5mm. Two different spectrophotometric detectors were the absorbance at 360 nm is recorded.

used: a diode array spectrophotometer (Model 8452 from

Hewlett—Packard) when spectra were required and a pho-

tometer (Model CE292 from Cecil Instruments), both pro-

vided with 18ul inner volume a flow cell (Hellma).

3. Results and discussion
3.1. Preliminary tests

In an alkaline medium, the Co(ll) supply by the solid-
phase reactor forms a Co(ll):cysteine complex of 1:2 stoi-
chiometry that can be spectrophotometrically determined at
360 nm[19].

Penicillamine is a cysteine derivative the only difference

Fig. 1. Flow injection system proposed for the penicillamine determina- from which is the presence of two methyl groups instead of

tion. V, injection valve, 314l of sample solution in Ng*/NH3 buffer
0.02mol ! at pH 9.5; P, peristaltic pum®1, 5x 10~* mol I~ sulphuric
acid at 2.3 mImin?; Qy, de-ionised water at 2.4 ml mid; B-R, solid-phase

two protons at @. Because cysteine and cobalt interact via the
sulphur and nitrogen atoms in the amino group penicillamine

reactor; L, coil reactor of 100 cm: W, waste; D, spectrophotometer detector Can be expected to form similar compounds, as confirmed

working at 360 nm.

in previous work8], by visual inspection and from spectra
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recorded in the visible region. Tests revealed that the reaction 045
between Co(ll) and penicillamine only takes place above pH 0,40 -
6 and also like cysteine, it yields a coloured compound.
Preliminary continuous-flow tests were performed by

using the previously described system optimized for the de-
termination of cysteingl9], where the sample solution, pre-
pared in 5x 10~* M sulphuric acid, goes through the CogO 0,20 i
solid-phase reactor. Under these conditions, the signal for P . . . : . .
penicillamine was found to decrease upon repeated insertion 150 200 250 300 350 400
of sample volumes; this suggests that the analyte somehow . , o4~ Volume, ul
deactivated the solid-phase reactor with time—which was not 50 75 0

the case with cysteine. T T . T T )
1.2 1.8 24 3.0 3.6 4.0

—=&— Flow-rate, ml min-!

0.35 4

0.30 +

Absorbance

0,25

T T 1
105 120 135
—a— Reactor length, cm

3.2. Selection of the FIA assembly
Fig. 2. Influence of hydrodynamic parameters (inserted volume, reaction

The FIA manifold used to avoid passage of the analyte coil length and carrier flow-rate) on the analytical outputs.

through the reactor is shown irig. 1 Cobalt(ll) was re- _
leased from the reactor by continuously passing through it €quation G=4) was

5x 10~*moll~1 HySO stream Q) at 2.3mIminmt. No

appreciable change of the reactor stability was observed af-A = 0.0064+ 0.0055" (r = 0.996)

ter passing a sulphuric acid solution at a concentration of \;hereA is the absorbance at 360 nm a@ds the penicil-
0.025mol? (i.e. 50 times higher than the experimental |amine concentration in mgt.

level) at a flow-rate of 1.4 mI min® for more than 1 h. Chan- The limit of detection was experimentally determined by
nel Q2 in the manifold was used to circulate a de-ionised inserting penicillamine solutions of decreasing concentration
water carrier at 1.8 mImin* into which a volume of 182 and taken to be that providing a signal coinciding with the

of penicillamine solution in 0.04 motf borax buffer at pH  paseline width plus three times its standard deviation. The
9.5 was inserted—using the buffer solution as carrier resulted,g|ye thus found was 1 mg?.

in no improvement. The preselected length for the mixingre- e repeatability of the system was determined from 30

actor in this preliminary work was 117.0 cm. consecutive insertions of a 40 mgf solution of penicillin;
the relative standard deviation (R.S.D.) thus obtained was
3.3. Optimization of the FIA system 1.3%. The calculated throughput for this experimental series

was 70 samplest.
Once the reactor was checked to be stable, the new FIA The potential interferents studied included various
systemwas optimized by examining the influence of chemical excipients present in commercially available penicillamine

and FIA variables. formulations. Solutions containing the analyte at a 25mig |

Two different buffers (8072~ /OH~ and NH;*/NHs*) at concentration and the interferents at levels above those typi-
variable concentrations (0.01-0.15mot) and pH values  cally found in the formulations were used for this purpose. A
(8.5-10.4) were studied and a 0.02 mdI NH4*/NH3 buffer compound was deemed an interferent when the error in the
at pH 9.5 was found to be provide the best results. The buffer signal for a 25 mgt! standard of penicillamine exceeded
concentration was scarcely influential. 3%, in which case the concentration of the compound

The hydrodynamic flow variables studied included the in- concerned was lowered until no interference was observed.
serted volume(), mixing reactor lengthl() and penicil- Table 2shows the results obtained.

lamine carrier flow-rate@,). Fig. 2 shows the variation of
each variable over its studied range. The values adopted aSgpje 2
optimal were an inserted volume of 134 a mixing reactor Influence of foreign compounds

length of 100 cm and a carrier flow-rate of 2.4 ml minThe Interference Concentration (mg) E: (%)
reported conditions established (flow-rate through the mixing Starch 108 27
coil 4.7 mimin1) the best relationship reaction rate-sample saccharin 1000 26
dispersion in 2.5 s, which means a non-slow reaction rate.  Glucose 1000 -20
Sodium phosphate 1000 -17
. L Magnesium stearate 20 -21
3.4. Analytical applications Lactose 1000 _22
Sucrose 1000 +T

The re|ati0n5hip between the analytical signal and concen- a These “solutions” were prepared by adding 0.027 and 0.010 g of starch
tration was studied over the range 5-150 mgand found and magnesium stearate, respectively, to 200 ml of water and leveling to 250

to be linear from 5 to 60 mgi. The corresponding fitted  after heating.
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