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Abstract

An enzymatic amperometric procedure for measurement of mercury(Il) in pharmaceuticals, based on the inhibition
of invertase and on a glucose electrode was studied. Analytical parameters for measurements in batch and flow
injection analysis (FIA) have been optimised. Mercury(Il) was detected in the 10—-60 ppb range with RSD <2%. A
sample throughput of 6 h—! for batch and 15 h~! for FIA was obtained. The total mercury(Il) from thimerosal
(thiomersal, sodium ethylmercurithiosalicylate) in eye-drop samples was measured with the amperometric procedure
after oxidative cleavage treatment. Results for both batch and FIA procedures correlated well with atomic absorbtion
spectroscopy (AAS) data. © 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

A large number of pharmaceutical compounds
contain mercury in organometallic or inorganic
form as well as mercury as degradation by-product
[1-3]. Several instrumental or titrimetic methods
are commonly used for the determination of total
or free mercury [4—16]. They generally require
lengthy procedures, expensive and complex instru-
mentation and/or exhibit lack in sensitivity.

* Corresponding author. Fax: + 39-06-49387100.

Electrochemical sensors and biosensors have, in
some cases, the advantage of rapidity and sensitiv-
ity over the traditional techniques. Enzyme inhibi-
tion-based sensors recently appeared in the
literature for the determination of environmental
pollution [17-21]. Particularly, measurement of
mercury(IT) with amperometric [22], potentiomet-
ric [23] and thermal [24] detection has been
proposed.

This paper proposes a method for measurement
of mercury(Il) in pharmaceuticals. As a model
system mercury(Il) coming from degradation of
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thimerosal in eye-drop samples was chosen.
Thimerosal (thiomersal, sodium ethylmercu-
rithiosalicylate) is an antibacterial agent com-
monly used as both topical antiseptic and
antimicrobial preservative in pharmaceutical for-
mulations, especially in ophtalmic solutions [3,25].
This method is based on the enzymatic scheme
proposed by Amine et al. [26]. The procedures for
batch analysis and flow injection analysis (FIA)
were optimised and compared with atomic ad-
sorption spectroscopy (AAS) data. Results were
in agreement showing that the biosensor-based
procedure can be used alternatively to AAS with
advantages in terms of rapidity and cost.

2. Experimental
2.1. Apparatus and equipment

Amperometric measurements were carried out
with an Amel (Milan, Italy) model 559 HPLC
detector connected with a model 868 Amel
recorder. The H,O, sensor consisted of Pt elec-
trode poised at + 650 mV versus a built-in silver/
silver chloride from Universal Sensors (Metairie,
LA, USA). All experiments were performed at
25°C maintained by an Haake F3 Thermostath,
(Berlin, Germany), in a double wall beaker.

A three-electrode cell type wall-jet from
Metrohm (Switzerland), connected with a 15 cm
tube to a Rheodyne syringe loading injector
model 7125 from Supelco (Bellefonte, PA, USA)
was used for FIA measurements. The working
buffer was pumped through the cell by a
Minipulse 3 peristaltic pump from Gilson Medical
Electronics (Villiers le Belle, France).

2.2. Reagents

Cellulose acetate membranes, 100 molecular
weight cut-off (m.w.c.0.), were prepared in labo-
ratory as described in the literature [27]. Polycar-
bonate membrane 0.6 um pore size was from
Nucleopore, (Pleasanton, CA, USA). A 0.1 M
phosphate buffer (sodium phosphate monoba-
sic + potassium phosphate dibasic) pH 6.0 and 7.0
was used. Glucose oxidase (GOx) type V-S from

Aspergillus niger (1200 U ml~!, 49 mg ml~!
protein) was from Sigma Chemical (St. Louis,
MO, USA) and invertase (from baker’s yeast, 290
U mg~') was from Fluka Chemie (Buchs,
Switzerland). A standard stock solution was pre-
pared by dissolving 0.1354 g of crystalline mer-
curic chloride in 1 N HCI and diluting to 100.0 ml
with the same solvent. This solution was prepared
fresh on a biweekly basis. A dilution of 1:1000
was prepared in phosphate buffer to provide a
working standard solution having a concentration
of 1 ppm of mercury. This dilution was carried
out daily just prior to the quantitative step. Phar-
maceutical preparations containing a mercurial
compound were from commercial sources.

All other chemicals, of analytical reagent grade,
were from Sigma.

2.3. Enzyme immobilisation

A preactivated membrane, Immobilon Affinity
Membrane (Millipore, Bedford, MA, USA) was
used for enzyme immobilisation. The GOx en-
zyme was dialysed versus 0.1 M phosphate buffer
pH 7.0 at 4°C overnight to eliminate preservatives
from enzymatic solution. A total of 10 pl of the
enzymatic solution was then placed onto 1 c¢cm?
Immobilon membrane and allowed to dry at
room temperature for 2 h. Unreacted sites onto
the membrane were blocked by soaking with 0.1
mol 17! glycine for 10 min. Before use, the mem-
brane was washed with 1 M potassium chloride to
eliminate noncovalently bound enzyme.

2.4. Electrode assembling

The glucose sensor was assembled by placing
the following membranes on the jacket provided
with the electrode: the 100 m.w.c.o. cellulose ac-
etate membrane (which protects the electrode
from electrochemical interferences); the enzymatic
membrane and the 0.6 um pore size polycarbon-
ate membrane which protects the enzyme from
large molecules and prevents microbial attacks.
These membranes were then secured with an O-
ring. The electrode jacket was filled with a solu-
tion of 0.1 M potassium chloride, the electrode
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was inserted into the jacket and screwed down
until the tip of the platinum surface was firmly in
contact with the cellulose acetate membrane.

2.5. Batch analysis procedure

The analysis procedure reported by Amine et
al. [26] was modified for our purposes.
The reactions involved are the following:

invertase

Sucrose + H,O — D-glucose + D-fructose (1)
D-Glucose + Ongxgluconic acid + H,0, (2)

Reaction (1) is catalysed by the enzyme invertase
which is added in solution. Reaction (2) is
catalysed by the biosensor assembled using glu-
cose oxidase type V-S.

The output current due to the hydrogen perox-
ide oxidation at the Pt electrode is correlated to
the concentration of sucrose and invertase present
in solution. At a fixed concentration of invertase
and sucrose, the decrease of the output current
can be correlated to the inhibitor concentration.

Measurements were made in two steps: the
electrode was immersed in a buffered solution of
invertase [2 U (2.5 ml™!)], sucrose was then
added to a final concentration of 5 mmol 1~ ! and
the signal recorded for 6 min. In order to mini-
mize the current signal from sucrose spontaneous
hydrolysis, the i (current value) at 2 min was
subtracted from i at 6 min (/;). In the second step,
the enzymatic solution was incubated with a
known amount of mercury, sucrose was then
added and the residual enzyme activity (/,) mea-
sured as described above.

a)

Invertase
Sucrose

I

Incubation Time Reaction Time

Fig. 1 shows the steps giving rise to the typical
current—time curve observed in the absence (a)
and presence (b) of inhibitor. The degree of inhi-
bition, can be calculated as follows:

% =100 x L= 3)
I

1

2.6. Sample pretreatment

Mercury is often present in pharmaceutical for-
mulations as organic compound. For this reason
it is important that the samples undergo an oxida-
tive degradation to have mercury as free mercuric
ion that is the form inhibiting the enzyme inver-
tase. A series of cleavage reactions reported in
literature has been tested [27-33]. Finally, the
procedure reported by Thompson and Hoffman
[28] has been adapted as follows. Representative
aliquots of the mercurial compound (thimerosal),
pharmaceutical products and standard HgCl,,
were diluted 1:4 with aqua regia (nitric
acid:hydrochloric acid 1:3) into Pyrex vials and
heated for 1 h on a steam bath. Upon completion
of the heating step, the vials and their contents
were cooled under tap water. This acidic solution
was diluted as appropriate just prior the determi-
nation step with phosphate buffer to adjust the
pH.

2.7. Flow injection analysis procedure

The scheme of the apparatus used for FIA
measurements is shown in Fig. 2.

b)
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Fig. 1. Typical current—time curves obtained in the absence (a) and in the presence (b) of inhibitor.



266 P. Bertocchi et al. /J. Pharm. Biomed. Anal. 20 (1999) 263—269

EC

P v __:|_

w

A R

 —— — o0 o

o o [elNe)
—

Fig. 2. Scheme of the FIA system apparatus: A = amperometer; EC = electrochemical cell; P = peristaltic pump; R = recorder;

S = sucrose; V = valve; W = waste.

A carrier consisting of buffered sucrose solution
was passed through the electrochemical cell by the
peristaltic pump until a stable background current
was reached. The injection valve loop (20 pl) was
connected to the electrochemical cell with a 15 cm
teflon tube (inner diameter 0.3 mm). The loop was
filled with invertase and, after the injection, the
transient peak current was recorded (7;). The loop
was then filled with the enzymatic solution plus
sample or standard and incubated for 2 min; the
peak current was taken as ,. Eq. (3) was used for
calibration curves and sample measurements. A
flow rate of 0.2 ml min ! was chosen as the best
compromise to have a fast analysis time and a
good signal.

3. Results and discussion

3.1. Batch analysis

Amine et al. [26] reported to be necessary an
incubation time of 10 min for maximum value of
inhibition. However, using 2 min of incubation
time, good sensitivity with shorter analysis time
was obtained.

Type V-S GOx was selected for this work be-
cause it has two advantages over with the type

VII GOx enzyme used by Amine et al.: a higher
specific activity and a lower amount of invertase
present as impurity (0.006% vs. 0.17% of inver-
tase, calculated as % of GOx activity). This re-
sulted in better sensitivity of the glucose probe for
glucose because of the higher current output and
in a considerable decrease of the background
current due to the limited sucrose hydrolysis.

In the experimental conditions described mer-
cury(Il) was determined in the 5-80 ng ml~!
range with a linearity in the 5-10 ppb range. A
calibration curve obtained with standard solutions
of mercury(Il) is reported in Fig. 3. Each value
represents the mean of ten determinations. Intra-
day relative standard deviation (RSD) was <
2.5% while interday RSD was < 4.0%.

Since invertase is reported to be inhibited by
some mercurial compounds like 4-mercuryben-
zoate, methyl and ethylmercury [34], the inhibi-
tion effect of thimerosal itself was tested. The
enzyme was slightly inhibited by thimerosal in
comparison with mercury(Il), in the entire range
of concentrations investigated. In fact, an inhibi-
tion of 5% at a concentration of 100 ng ml~"' and
37% at 10 ug ml—! with a maximum value of 45%
at 50 g ml—! was found.

Thimerosal was then processed to protic acid
cleavage and oxidated to mercuric ion as de-
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Fig. 3. Mercury(Il) calibration curve obtained with batch
method.

scribed in the experimental section. The standard
solution was subject to the same treatment. Iden-
tical calibration curves were obtained with treated
and not-treated standard; moreover a 100% mer-
cury recovery from thimerosal was obtained indi-
cating that the degradation procedure selected
was successful and no matrix effect occurred.

The total mercury(Il) content from thimerosal
in eye-drop samples was then measured.

3.1.1. Sample analysis

Table 1 shows the results of five collirium sam-
ples analysed with the proposed method and com-
pared with an atomic absorption spectrometry

reference procedure. Amperometric data were cal-
culated by interpolation of the calibration curve
obtained for standard mercury(II) solutions.
Recovery study was also performed by addition
of a mercury(Il) standard solution to the samples
(Table 1). Results obtained with the two different
procedures correlated well with relative errors
(RE) < 5%. Only sample no. 3 gave a RE of 13%
showing 88% recovery. This result may be at-
tributed to the incomplete degradation of EDTA
present in the formulation that was still partially
complexing mercury(Il) (no EDTA was present in
the other samples). No matrix effect was observed
also in this sample after increasing the samples
degradation step from 30 min to 1 h.

3.2. Flow injection analysis

In order to reduce the analysis time and for a
partial automation of the method, studies for the
development of a FIA procedure were carried out.
The best substrate concentration and amount of
invertase have been evaluated for the FIA system.

The current and inhibition values obtained with
a fixed amount of enzyme (0.2 U) and inhibitor
(50 ppb) were investigated. An increase of sub-
strate concentration resulted in an increase of the
peak current but in similar /% value; in fact it
ranged from 65 to 56% varying sucrose concentra-
tion from 5 to 50 mmol 1='. A sucrose concentra-
tion of 10 mmol 1~ ! has been selected for further
experimental work as the best compromise be-
tween a high current output and a low substrate
requirement. Using this substrate concentration

Table 1

Total mercury(Il) analysis and recovery studies performed with the biosensor-invertase batch method and with an AAS reference

method

Sample* no. Measured (ppb) Added (ppb) Found (ppb) Recovery % Batch mercury(Il) AAS mercury(Il) RE %
content (ppm) content (ppm)

1 38 20 58 100 48 48 0

2 40 20 63 105 50 52 4

3 32 10 37 88 40 46 13

4 35 20 53 96 44 46 4

5 5 10 14 93 0.1 0.1 9

4 Samples were diluted 1:1000 for the analysis.
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Table 2
Current and inhibition values obtained with sucrose 10 mmol
1! and mercury(II) 50 ppb

Invertase (U) Current (nA) Inhibition % [mer-

cury(II) 50 ppb]

1.6 12.1 9
0.8 7.1 10
0.4 5.2 16
0.2 2.8 50
0.1 0.8 73

the effect of the amount of enzyme on the degree
of inhibition has been studied (Table 2). As ex-
pected, 1% was inversely related to the enzyme
loading. A total of 0.2 U were chosen as the best
compromise between a high inhibition and a good
current signal.

A calibration curve has been attained with all
parameters optimised using FIA system (Fig. 4).
Mercury has been detected in the range 10-80
ppb with an interday RSD < 1.5%. Linearity was
found in the 10—60 ppb range. The analysis time
was 4 min and the sample throughput was in-
creased to 15 samples h—!.

Glucose oxidase membranes were stable for
months giving a signal of 50% of the initial cur-
rent value after 3 months of use. The invertase
solution was prepared daily, no changes in the
activity were observed during this period.

Table 3

100
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Fig. 4. Mercury(Il) calibration curve obtained with FIA
method.

3.2.1. Samples analysis

Table 3 shows the total mercury(IT) content and
the recovery studies for ten eye-drop samples
analysed with the FIA system and compared with
the AAS method. The recovery ranged from 98 to
106% showing no matrix effect. Mercury content
measured with the FIA procedure was in good
agreement with data from AAS procedure (RE <
4%).

Recovery studies obtained with the FIA system in 10 eye-drop samples and comparison between FIA and AAS mercury

determination

Sample* no. Measured (ppb) Added (ppb) Found (ppb) Recovery % FIA mercury(II) AAS mercury(I) RE %
content (ppm) content (ppm)

1 25 25 49 98 49 50 2
2 24 25 51 104 48 47 2
3 25 25 50 100 50 52 4
4 24 25 48 98 49 50 2
5 24 25 52 106 49 49 0
6 25 25 49 98 50 49 2
7 24 25 49 100 49 50 2
8 25 25 52 104 50 51 2
9 26 25 50 98 52 53 2
10 25 25 51 102 50 51 2

4 Samples were diluted 1:1000 for the analysis.
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4. Conclusions

An amperometric procedure for determination
of mercury(Il) based on invertase inhibition and
glucose sensor has been improved and transferred
into a FIA system. Good sensitivity and repro-
ducibility have been obtained in the 10-60 ng
ml~! range of mercury(Il). Analysis of mer-
cury(Il) in eye-drop samples after oxidative cleav-
age resulted to be well-correlated with AAS
determination.

The rapidity, sensitivity and easy handling op-
erability of the method make it as a good alterna-
tive to traditional methods for mercury(Il)
analysis in pharmaceutical samples.
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