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Abstract

Pralidoxime methylsulfate (ContrathiBis widely used to treat organophosphate poisoning. Despite animal and human studies, the
usefulness of Contrathifrtherapy remains a matter of debate. Therapeutic dosage regimens need to be clarified and availability of a reliable
method for plasma pralidoxime quantification would be helpful in this process. We here describe a high-performance liquid chromatography
technique with electrochemical detection to measure pralidoxime concentrations in human serum using guanosine as an internal standard.
The assay was linear between 0.25 ang.§onL~* with a quantification limit of 0.2ug mL~. The analytical precision was satisfactory, with
variation coefficients lower 10%. This assay was applied to the analysis of a serum from an organophosphorate poisoned patient and treated
by Contrathioff infusions (100 and 200 mg) after a loading dose (400 mg).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction [4]. Oximes are nucleophilic agents which can re-activate all
phosphorylated receptors by binding to the organophospho-
According to the World Health Organisation, organophos- rus compound5]. Among oximes, pralidoxime is used as
phates (OP) are implied in about 3,000,000 of poisoning casesa methylsulfate (Contrathiéh (Fig. 1) or as chloride salts
with over 220,000 deathd]. Organophosphate poisonings (Protoparf?) [6]. Despite humari7—9] and animal studies
mostly result from accidental causes and suicidal attempts,[10,11] the usefulness of pralidoxime therapy is still ques-
especially in developing countries. Fortunately, they have tioned. Treatment by oximes is not always successful due to
been involved only in a few cases of bioterrorism, such as differing toxicological activity among OP compounds, delays
the attack in Tokyo. These compounds act by inhibition of between poisoning and treatment, “ageing” of the compound
the enzyme acetylcholinesterase, which results in an excesst the receptor, lack of central action and absence of stan-
of acetylcholine and an overstimulation of both muscarinic dardized therapeutic infusion schenfie2]. Furthermore, the
and nicotonic receptors of the parasympathetic nervous sys+elationship between oximes plasma concentration and pro-
tem[2]. The standard therapeutic scheme includes supportivetection against organophosphate poisoning is not well defined
treatment, antidote infusions (atropine and/or oximes), and[10]. According to some studig¢%,13], a plasma concentra-
decontaminatiof8]. Atropine counteracts muscarinic effects  tion at or above 4 mgt?! is required to observe a therapeutic
of organophosphates, but is ineffective on nicotonic effects efficacy. Due to its rapid renal excretion, various administra-
tion protocols have been tested in man to achieve this ther-
* Corresponding author. Tel.: +33 1 42 49 92 9. apeutic rang¢§7,8,14] In these studies, pralidoxime plasma
E-mail addresspascal.houze @sls.ap-hop-paris.fr (P. Hyuz concentrations were determined, but pharmacokinetic param-
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Fig. 1. Chemical structure of pralidoxime methylsulfate (Contrathjon
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an automatic injector (Autosampler 712, Waters). Sepa-
ration was performed at room temperature on an Inertsil
ODS 3250x 4.6 mm column (i.d.) (Chrompack, Les Ulis,
France). The mobile phase (1 mL mit) was composed of
8% methanol and 92% buffer containing disodium phos-
phate (15 mM), monopotassium phosphate (15 mM), and 1-
octanesulfonate sodium salt{M) adjusted to pH 2.6 with
orthophosphoric acid.

For parlidoxime detection in serum, the oxidation of
oxime function was ensured by an electrochemical detec-

eters were calculated only in few cases of human poisoning composed of a Coulochem 5100 A model, a Coulochem

[7].

Different techniques have been reported for pralidoxime
measurement in pharmaceutical formulatighs,16] and
in biological material[7,17,18] In the later, the employed
methods were often high-performance liquid chromatogra-
phy (HPLC) with UV detection, all derived from the original
method of Benschop et giL7]. The detection limit of this
technique is about 04569 mL~1, with a 100uL plasma. Due
to pralidoxime short half-lif19], repeated sampling must

be carried out to calculate pharmacokinetic parameters. It is

5011 analytic cell and a cell guard 5020 (Eurosep, Cergy-
pontoise, France). Measurement cells had respective poten-
tial of +0.30V (E1) and +0.95V (E2), while the potential
of the guard cell was +1.20V. The detector gain was set at
20p.A. Data were collected on an integrator (Data Module
746) with attenuation set at 32.

In urine, parlidoxime was detected at 280 nm using an
UV-vis detector (Waters 2487).

therefore necessary to reduce the volume of blood sampled,

especially in animal studies, thus requiring an increase in
method sensitivity.

In the present study, we describe a chromatographic

method with electrochemical (EC) detection to determine
pralidoxime concentrations in biological samples. This
method is 10-fold more sensitive than UV detection and prali-
doxime concentrations are easily measurable with[25f

plasma. This method is therefore applicable to pharmaco-

logical studies both in man and in animals. Given its degree
of sensitivity, this method will also permit the exploration
of oxime diffusion in other biological fluids, such as cere-
brospinal fluid.

2. Experimental

2.1. Reagents

Guanosine, 1-octane sulfonate sodium salt (OSS), di-

2.3. Preparation of the calibration range and controls

The calibration range and various controls (low, medium
and high) were prepared from pooled serum obtained from
healthy subjects. The pool was stirred on activated charcoal
for 24 h and then filtered (Nadmne 0.45um filter, Merck)
before being fractionated and frozen-e80°C.

Pralidoxime methylsulfate stock solutions (1 mgniL
expressed as pralidoxime base) was prepared in water and
stored to—80°C for up to 6 months.

Contrathiof® serum standards (calibration standards)
were prepared at concentrations of 0.25g§0nL~1. The
first serum standard concentration (EmL~1), obtained
by dilution (1:20) of stock solution in pooled serum, was then
fractionated and frozen at80°C. The calibration range was
extemporaneously prepared by diluting EmL~! serum
standard in free pooled serum; point O consisted of pooled
serum only.

For the internal standard, mother guanosine solution

hydrated disodium phosphate and monopotassium phos{1 mgmL-1) was prepared in water (with 3L of hydrox-

phate were obtained from Sigma-Aldrich (Saint Quentin
Fallavier, France). Pralidoxime methylsulfate was kindly pro-
vided by SERB Laboratories (Paris, France). Obidoxime
dichloride and orthophosphoric acid, perchloric acid, hy-
droxide natrium and methanol, all of analytical quality, were
purchased from Merck (Nogent-sur-Marne, France). Wa-
ter for injectable preparations @#nius France Pharma,
Louviers, France) was used for preparation of different
reagents.

2.2. Chromatographic conditions

The chromatographic system consisted of an isocratic
pump (Waters 515, St-Quentin-en Yvelines, France) and

ide natrium 1 M), fractionated and frozen-a80°C. In these
conditions, this solution is stable for 6 months. Working so-
lutions of internal standard (IS) in water were extemporane-
ously prepared by diluting 1:100 the stock solution.

Low (C1=0.750g mL™1), medium (C2=7.fugmL™1)
and high (C3=4@.g mL~1) controls were obtained by dilut-
ing 50png ML~ serum standard in free pooled serum. They
were fractionated and frozen-a80°C.

Urine standards were prepared at concentrations ranging
from 1 to 0.25mgmL?. The first urine standard concen-
tration (1 mgmL?) corresponded to the pralidoxime stock
solution. The calibration range was extemporaneously pre-
pared by diluting the stock solution with distilled water; point
0 consisted of distilled water only.
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2.4. Sample preparations 3. Results and discussion

Serum standards, controls or samplesy(R} and diluted 3.1. Choice of mobile phase buffer and optimization of
internal standard solution () were mixed in 1 ml Ep- detection potentials
pendorff tubes. One hundred microliters of perchloric acid
(0.6 M) was added to precipitate proteins. Eppendorff tubes  Coulometric detection requires salt in the mobile phase.
were shaken for 1 min and centrifuged at 15000rpm for Among different salts, phosphate is frequently employed. We
5min. Supernatants were further diluted with distilled wa- selected a 30 MM phosphate buffer since an optimum re-
ter (1:5) to reduce acidity. A 50L volume of this mixture sponse has been previously reported for 5-45 mM phosphate
was then injected in the chromatographic system. buffer molarity[20].

Urine samples were prepared according to the method de- The Coulochem 5011 system is equipped with two elec-
scribed by Grasshoff et gR4]. Urine standards, prediluted trodes of measure (E1 and E2) and a guard cell. The volt-
samples (1:20 and 1:100 in distilled water) (240, and di- age applied to the guard cell allows mobile phase oxidation
luted internal standard solution (p) were mixed in 1 ml before sample injection without modifying the response of
Eppendorff tubes with 30@L of perchloric acid (0.6 M). measurement electrodes. E1 and E2 electrodes permit simul-
Then, urinary samples preparation was similar to serum sam-taneous determination of two oxido-reductive substances. In

ples. our study, the second electrode (E2) was used to measure
pralidoxime, whereas the first electrode (E1) eliminated in-
2.5. Choice of potential measurement cells terfering substances.

To optimize the detection, we tested a serum standard con-

To select appropriate potentials, a serum standard con-taining pralidoxime and guanosine (IS) according to the pro-
taining pralidoxime (ug mL~1) and 1S (1Qug mL~1) was cedure previously described (Sectd®). TheFig. 2shows
used. In afirst step, E1 potential was adjusted to 0 V. ABO the intensity/potential curves obtained with the two elec-
serum standard was injected into the chromatographic systentrodes. E2 response was undetectable between 0 and +0.7 V,
for different values of E2 potential, from 0 to +1 V. For each then increased to become maximal at +0.95 V. No difference
potential, signal intensities were recorded for pralidoxime was observed between +0.95 and +1 V. For E1 potential op-
and IS. The same experiment was then performed with Eltimization, E2 value was set at +0.95Rig. 2shows that the
potentials varying between 0 and +1 V. E2 was set at the po- signal intensity was maximal between 0 and +0.3 V and then
tential determined during the first step procedure and giving decreased because of the beginning of pralidoxime oxida-

the best signal intensity. tion. E1 voltage was thus set at +0.3 V to eliminate interfering
substances without reducing the signal intensity. For guano-
2.6. Clinical application sine (1S), intensity/potential curves were determined in the

same manneiH(g. 2). Potentials were similar (E1=+0.40V,
To validate our technique, pralidoxime methylsulfate con- E2 =+0.90 V) to those determined for pralidoxime.

centrations were measured in a case of acute organophos- In conclusion, pralidoxime optimal voltage values were
phorus poisoning treated with ContrathfarA 52-year-old +0.95 and +0.30V for E2 and E1, respectively. These values
man was admitted in Intensive Care Unit (ICU) in Alge- were applied during method validation and clinical applica-
ria suspected of organophosphorus poisoning with abdom-tion.
inal pains, hypersalivation, nausea, dyspnea and cyanosis.
Ingested quantity and name of product were unknown, but
cholinesterase activity was decreased in serum (1.3U] L
normal range: 2-8 UIt1) and erythrocytes (860 UIt!:
normal range: 2800-5200 U). Initially, the patient was
treated by atropine (1.5 mgké) before transferred to the
MedTox ICU at Lariboistre Hospital (Paris, France). At-
ropine therapy was continued and an oxime (Contraffjon
treatment was initiated. After a loading dose of 400 mg in
slow perfusion over 30 min, Contrathi®rwas infused at
the dose of 100 mg kgt over 18 h, then 200 mg kd over 3
days, followed by of 100 mg kgt over 60 h. Blood and urine o g
specimens were obtained during pralidoxime methylsulfate 0 01 02 03 04 05 06 07 08 08509 095 1
treatment. Five milliliters of blood were collected in glass Potential (V)
tubes without anticoagulant and immediately centrifuged (at _. _ _ o _
2000x g during 15 min). Samples not immediately assayed F|g.2. In_tensny/potc_-zntlal curves of pralidoxime and guan93|ne(IS) _to_det‘er—

. . mine optimal potentials for E1 and E2. Curves were obtained after injection
were stored at-20°C; an aliquot of urine was frozen at  of 5oL of serum standard containing pralidoximepgmL-1) and 1S
—20°C. (10png mL™1) in the chromatographic system.

Pralidoxime selected potentiel
E2=+095V
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3.2. Choice of internal standard 3.3.1. Specificity
Fig. 3shows the separation and determination of methyl-

In most HPLC methods with UV detection, pyridostig- sulfate of pralidoxime in human serum using guanosine
mine is selected as an internal standatd7]. With our elec- as internal standard. In the chromatogram obtained af-
trochemical detection method, the response observed withter preparation of blank serum, no additional peaks inter-
this compound was limited, even at high concentration (up fered with the measured Contrathforand IS Fig. 3a).
to 10 mg L~1). We choose guanosine as an internal standard The compounds were well separated with a migration
(IS) since it contains an amine function easily oxidized at time of 14.65min for pralidoxime and 21.70min for
similar potentials as pralidoxime=ig. 2). Guanosine is a IS (Fig. 3 and c¢). For pralidoxime, the peak shape
natural compound not detected in serum during physiologic had no evidence of tailing (symmetry factor 1.03). A
conditions because of immediate transformation in guanine chromatogram obtained by analyzing serum from a pa-

by purine nucleoside phosphoryld24]. tient treated with Contrathiéh had a similar appearance
(Fig. 2d).
3.3. Validation of the method
3.3.2. Linearity
The method was validated for routine pralidoxime methyl- ~ The linearity of the method (peak height ratio of the

sulfate assays in human serum. Criteria retained for this drug/IS versus drug concentration) was evaluated over a
optimization are those generally used for high-performance range of concentration of 0.25-5@ mL~1. Regression
liquid chromatography: specificity, reproducibility of migra- analysis performed by the least-squares method gave the
tion time, linearity, sensitivity, and percentage of recovery following formula:y=0.056%+0.0324. This equation was

as well as within-run and between-run precision. determined by 5 calibrations obtained on different days.

—
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Fig. 3. HPLC profiles of extracted blank serum without IS (a), extracted blank serum with IS (b), spiked human serum contaigimg Z0pralidoxime
and IS (c) and human serum (concentration 33yInL~1) with IS (d). Retention time were 14.65 and 21.70 min for pralidoxime and IS, respectively.
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Table 1
Precision of the HPLC pralidoxime method

Pralidoxime Within-run  Between-run
concentration precision precision
(n=20) (n=20)
C1(0.750gmL™1)  Mean concentration 0.76 Q72
(rgmL)
R.S.D. ogmL™1) 0.07 009
CV (%) 9.2 125
C2 (7.5ugmL™1) Mean concentration  7.37 77
(rgmL™)
R.S.D. bg mL™Y) 0.28 051
CV (%) 37 6.6
C3 (40pgmL™1) Mean concentration 38.7 384
(rgmL™)
R.S.D. agmL™1) 1.2 23
CV (%) 34 5.9
Three control levels (C1=0.4gmL~!, C2=7.5ugmL~! and

C3=40pgmL~1) were used. HPLC conditions were similar those
described in Sectio. R.S.D.: relative standard deviation; CV: coefficient
of variation.

Correlation coefficient r€>0.999) confirm the excellent
linearity of the method.

3.3.3. Precision

To determine between run and within run precision, injec-
tions were realized 20 times for three serum control levels C1
(0.75ugmL"1), C2 (7.5ugmL~1) and C3 (4QugmL~1).
Table lindicates mean values, relative standard deviations
(R.S.D.) and coefficients of variation (CV). For the C1 con-
centration, within run CV was below 10%, but higher (12%)
in between-runs. In other controls (C2 and C3), precision was
excellent, with CVs below 5% for within run and below 10%
for between-runs.

3.3.4. Detection (DL) and quantification limits (QL)

Detection limit, defined as the smallest quantities of prali-
doxime clearly distinguishable from baseline, was calculated
to be three times the signal-to-noise ratio (S/N = 3) estimated
by the baseline thickness. DL was determined by analysis of
solutions with decreasing concentrations of pralidoxime. For
this compound, the detection limit was 0,0§mL~1 cor-
responding to 0.agmL~! as quantification limit. The ob-
served DL was 10-fold more sensitive than HPLC procedures
with UV detection[17].
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3.3.5. Recovery tests

These tests were performed by overloading two sera con-
taining 7.2 and 18.gmL~1 of pralidoxime with increasing
volumes (10, 20, 40, 80 and 1) of a 50ug mL~1 prali-
doxime aqueous solution. The percentages of recovery in-
dicated inTable 2are within the limits of the recovery test
(generally between 80 and 120%).

3.3.6. Correlation with a reference technique

For pralidoxime measurement in biological samples,
HPLC with UV detection is considered as the reference
method [17]. Serum pralidoxime concentrations were
measured once with the both techniques (developed and
reference) in 15 samples. We found an excellent correlation
between UV and electrochemical detection. Slope of the
regression curve was 0.93 with an intercept of 0.56 and a
correlation coefficient 0.99. Using a Bland—Altman analysis
[22], the mean difference was0.206ug mL~—1, with 95%
confidence interval for difference of means included from
0.524 to 0.112,gmL~1 without significant difference
between two techniquep £ 0.1869).

3.3.7. Interfering substances

We tested physiologic and pharmacologic substances
for potential interference. Among physiologic compounds,
thiols compounds (cysteine, glutathione, homocysteine)
may be oxidized at our working potential (E2 =+0.9V), thus
potentially interfering with our pralidoxime assay. Under
our laboratory conditions, these compounds did not induce
any interference. Cysteine and glutathione are rapidly eluted
(RT=6.2 and 8.6 min, respectively). Free homocysteine is
present in serum at very small concentrations and cannot be
thus detected. Total homocyteine could interfere with our
method (RT is close to that of pralidoxime), but only after
reduction of oxidized forms by a reducing agent, such as
sodium borohydridd23]. In our method, reducing agents
are not used and no interference was observed. Products with
a pharmacological action, suchldsacetylcysteine, atropine
and pr-penicillamine, were eluted 6.2, 19.5 and 20.5min
after injection, respectively. Atropine injection resulted in
a very small peak and, therefore, cannot interfere even at
high concentration (0.5 mgmi}). Among others oximes,
we tested obidoxime which is the antidote approved in
Germany and several other European Counf{éids In our
conditions, obidoxime is eluted after the internal standard

Table 2
Recovery study
50pg mL~1 pralidoxime Expected values Measured values  Recovery Expected values Measured values  Recovery (%)
solution (L) (ng mL™1) (ngmL™1) values (%) (ngmL™1) (ngmL™1)
0 7.2 - 18.0 -
10 77 74 96 18.3 18.5 101
20 81 81 100 18.7 18.1 97
40 90 9.2 102 194 19.6 101
80 107 9.9 92 20.6 20.5 99
100 115 116 101 21.2 20.8 98

HPLC conditions were similar those described in Secfion
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Table 3
Pralidoxime serum and urine concentrations and pharmacokinetic parameters in a patient treated with pralidoxime (COritéukion after loading dose
Day after Time after Pralidoxime Atropine  Pralidoxime concentrations | Urine Pralidoxime Renal
admission admission in infusion rate / day infused | infusion rate Serum Urines Output | excreted / metabolised | Clearance
French ICU amount amount
(Days) (Hours) (mg.n" 1 g) (mg.h™) (vg.mL™) (wg.mL") (mL) (g) (Lkg™.h™)
DO TO 1.5 <0.2 <1
DO T+3 <0.2
D1 T4h-T4.5 Loading dose (400 mg)
then 100 / 2.4

D1 T+10 3.1 810 1100 0.9/0.5
D1 T+16 l 31
D1 T+19 3.0 2727
D1 T+21 200 /4.8
D3 T+35 ¢ 5.6 2385 2600 6.2/ NC 0.75
D4 T+59 v 2051 2100 4.3/0.1
D4 T+69 100 /2.4 Stop
D5 T+83 21 1651 2600 4.3/ NC
D6 T+107 l 1382 1750 2410
D7 T+131 29 1987 1100 22102 0.50
D8 T+132 Stop
DS T+155 841 1100 0.92/NC

NC: not calculated.

(RT =25.2 min) and cannot interfere with pralidoxime mea- [2] P. Taylor, in: A.G. Gilman, L.S. Goodman (Eds.), The Pharmaco-

surement. logical Basis of Therapeutics, Macmillan, New York, 1985, p. 110.
[3] C. Lund, F.S. Monteagudo, S. Afr. Med. J. 69 (1996) 6.
3.4. Clinical application [4] H. Thiermann, L. Szinicz, F. Eyer, F. Woreck, P. Eyer, N. Felgen-

hauer, T. Zilker, Toxicol. Lett. 107 (1999) 233.

. . 5] T. Namba, C.T. Nolte, J. Jackrel, D. Grob, Am. J. Med. 50 (1971
In a patient treated with Contrathi8pwe measured serum 5] 475 (1971)

and urine concentrations of pralidoximéaple 3. No de- [6] D.F. Thompson, G.D. Thompson, R.B. Greenwood, H.L. Trammel,
tectable serum pralidoxime concentration was observed be-  Drug Intell. Clin. Pharm. 21 (1987) 590.

fore the beginning of treatment showing the specificity of [7] J.L. Willems, J.P. Langenberg, A.G. Verstraete, M. Deloose, B. Van-
our method. In this patient, the therapeutic scheme (loading ~ haesebroeck, G. Goethals, F.M. Belpaire, W.A. Buylaert, D. Voge-

dose followed by continuous infusion) allowed serum con- lares, F. Colardyn, Arch. Toxicol. 66 (1992) 260.
y [8] S. Schexnayder, L.P. James, G.L. Kearns, H.C. Farra, J. Toxicol.

centrations of about 4ggmL~1, the presumed therapeutic Clin. Toxicol. 36 (1995) 549.

concentratiorf14]. Daily urine pralidoxime concentrations  [9] S. Jonhson, J.V. Peter, K. Thomas, L. Jeyaseelan, A.M. Cherian,
were determined according the method of Grasshoff 24 JAPI 44 (1996) 529.

and high concentrations ranging from 810 to zm.m_—l [10] J.D. Shiloff, J.G. Clement, Toxicol. Appl. Pharmacol. 89 (1987) 278.

were obtained. Dailv. metabolized amounts of pralidoxime [11] M. Jokanovic, M. Maksimovic, Arch. Toxicol. 70 (1995) 119.
: y: p [12] H.P. Benschop, L.P.A. De Jong, A.J. Vink, H. Kienhuis, F. Berends,

are very small ranging from 0O to 0.5g/24 h. The amount of D.M.V. Elskamp, L.A. Kepner, in: E. Meeter, R.P.L.S. Visser (Eds.),
metabolized pralidoxime (drug infuseddrug excreted) was Medical Protection Against Chemical Warfare Agents, Almquist and
here calculatedTable 3. The excreted amount in urine ac- Wiksell International, Stockolm, 1976, p. 120.
counted for 88—100% of the administered dose. These valued}3! A- Sundwall, Biochem. Pharmacol. 8 (1961) 413.

. . . [14] J.J. Medicis, C.M. Stork, M.A. Howland, R.S. Hoffman, L.R. Gold-
are higher tha_n thpse reported after intraven@i§ or in- . frank, J. Toxicol. Clin. Toxicol. 34 (1996) 289,
tramuscular injectionf26]. In two samples and after modi-  [15] N.D. Brown, L.L. Hall, H.K. Sleeman, B.P. Doctor, G.E. Demaree,
fications of pralidoxime infusion regimen, excreted amounts J. Chromatogr. 148 (1978) 453.
in urine were greater than infused quantities. Renal clear-[16] D. Utley, J. Chromatogr. 396 (1987) 237.
ance was 0.50 and 0.75 Chkg~? for pralidoxime infusion ~ [17] g-hp- Be”SChOZF;5*<(-1A£1-)K1°0”7i”95' S.P. Kossen, D.A. Ligtenstein, J.

. romatogr. .

to 10_0 ?‘nd 200 mghl, re;pecuvely'{"aple 3 These va]ues [18] F. Guyon, A. Tambute, M. Caude, R. Rosset, J. Chromatogr. 229
are similar to these of Willems et 4¥] in poisoned patient. (1982) 475.

In conclusion, the HPLC assay described allows the deter-[19] M.D. Green, B.G. Talbot, C.R. Clark, Life Sci. 39 (1986) 2263.
mination of serum pralidoxime with a good precision, selec- [20] C. Vignaud, L. Rakotozafy, A. Falguieres, J. Potus, J. Nicolas, J.
tivity and a sensitivity 10-fold higher than UV detection. The Chromatogr. A 1031 (2004) 125.

. . . 21] M.L. Markert, Immunodefic. Rev. 3 (1991) 45.
procedgre has the a_dvantage of being a relat|v.erIS|mpIe_anc{22] JM. Bland, D.G. Altman, Lancet 8 (1986) 307.
convenient, thus suitable for therapeutic monitoring during [23] P. Hou#, S. Gamra, |. Madelaine, B. Bousquet, B. Gourmel, J. Clin.
organophosphate poisonings. Lab. Anal. 15 (2001) 144.
[24] C. Grasshoff, H. Thiermann, T. Gillessen, T. Zilker, L. Szinic, J.
Chromatogr. B 753 (2001) 203.
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